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Complexity Reduction for Inter-Carrier Scanning
I-Kang Fu, Kelvin Chou, Yih-Shen Chen, Alex Hsu, Paul Cheng
MediaTek Inc.
1 Introduction
  Compare with IEEE 802.16e network, there will be more base stations (BS) and cells (i.e. femtocell) need to be supported in IEEE 802.16m network. In order to support user mobility and service continuity, mobile station (MS) need to perform scanning frequently to obtain the up-to-date RSSI or CINR over each carrier for each cell. For the AMS equipped with multiple radio transceivers, this is not a very serious problem since it can maintain data communication in one carrier while performing the scanning over another carrier (as depicted in 16.2.8.2.9.1.2). However, it will be very challenging for the AMS which only equipped with single radio transceiver to complete inter-carrier scanning task without significant disruption on service continuity. This contribution aims to investigate the problem and then tries to suggest the reasonable resolution to facilitate the inter-carrier scanning operation by single radio AMS.
2 Problem Discussion
  Figure 1 shows the general situation that AMS will face to in IEEE 802.16m network, where there will be more cells (i.e. due to more pico-cell or femtocell) and more carriers (i.e. due to multi-carrier).
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Figure 1 Many cells and carriers need to be scanned by AMS in IEEE 802.16m network
  Thanks to the progress achieved during Session#65, the AAI_Global-Config message was adopted to include the global carrier information supported by the network. So that AMS can be somehow relaxed by prevent the blind scanning over all the possible frequency locations.

  However, even though the frequency location of each carrier has been informed by the ABS right after the network entry, it is still very challenging for AMS to perform efficient scanning over different carriers for many different cells. If the AMS equipped with multiple radio receivers, this problem can be easier resolved by following the general operation depicted in 16.2.8.2.9.1.2 and utilize additional radio receiver to scan over all the candidate cells and carriers while maintaining the data communication with the serving cell. However, this luxury is only available for the multi-carrier AMS which is equipped with multiple radio receivers such as the example in Figure 2. But the problem will still exist if both radio receivers are turned on for supporting multiple activated carriers, the scanning interval will still be required and hence disturb the service continuity.
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Figure 2 AMS with multiple transceivers
  However, the situation will become more difficult if AMS only equipped with single radio receiver, which is shown by the example in Figure 3. When number of carrier is increased, it takes more time for AMS to take enough samples over each carrier and obtain reliable scanning results. When the number of cell is increased, it also takes more processing power for AMS to estimate and calculate the scanning results over each carrier for each cell. Identifying the scanning targets in AAI_NBR-ADV can help, but it’s still a problem when the number of cell is high. This will result in the difficult to have good balance between the quality of the scanning results and the service disruption time due to inter-carrier scanning. This is already a problem for today’s IEEE 802.16e network, where the problem will get worse in future IEEE 802.16m network.
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Figure 3 Difficulty for single radio AMS balance scanning quality and service disruption time
3 Suggested Resolution
  Because the single radio AMS hardware capability is limited, there is no much room by implementation specific solution. The suggested resolution includes two options:

1) Relax the precision requirements on scanning results in future test specification if AMS is utilizing some proprietary RSSI and CINR prediction method to derive the scanning results for non-serving carriers.
· For example, AMS report an indication to inform ABS that it can perform inter-carrier scanning without scanning interval. So that ABS is aware that the precision of the AMS scanning report for those inactive carriers are not as high as normal scanning results.

  For option 1), the information provided in current standard is almost enough from AMS perspective, because the parameter of “A-PREAMBLE transmit power” has already included in AAI_NBR-ADV message. The only gap is that this parameter was missing in AAI_MC-ADV message when the text proposal was revised during Session#65. This parameter should be bring back to AAI_MC-ADV message to make it consistent with AAI_NBR-ADV.
  However, AMS need to inform ABS if its scanning results over inactive carriers are obtained without scanning interval. Because the fading channel response is independent for different carriers, using the result in one carrier to derive the result in another carrier may increase the variation and reduce the precision. It will be helpful to let ABS know the result reported by AMS is not as precise as normal report, so that ABS may trigger the corresponding events by longer averaging or some other consideration. On the other hand, ABS may also request AMS perform inter-carrier scanning explicitely.

2) Allow AMS report additional information to help ABS conduct RSSI and CINR prediction method so as to reduce the requirements on AMS scanning over non-serving carriers.

· For example, AMS can report the total received A-Preamble power over inactive carrier#2. So that ABS can base on the RSSI reported from AMS for the active carrier#1 to further derive the received CINR by AMS in carrier#2.

  In P802.16m/D4, the AAI_NBR-ADV message includes the parameter of “A-PREAMBLE transmit power” for each carrier, AMS or ABS can utilize this information along with other information to derive the RSSI and CINR in different carriers by various proprietary algorithms.
  For example, if the received A-Preamble power by AMS from ABS1 in carrier#1 is S1,1, where the ABS transmit power in carrier#2 is 3dB higher than carrier#1. Then ABS can easily derive the received A-Preamble power by the AMS in carrier#2 should be S1,2=2×S1,1. Moreover, if AMS can report the total received power in carrier#2 Stotal,2, then ABS can easily derive the received CINR by AMS in carrier#2 should be 2×S1,1/( Stotal,2-2×S1,1). This is applicable for deriving the RSSI and CINR for ABS2 once the RSSI in carrier#1 is reported by AMS.
  Since the parameter of “A-PREAMBLE transmit power” is already available in AAI_NBR-ADV, the additional information that standard need to allow AMS report is the “Total Received A-Preamble Power”. Once this information is reported to ABS, ABS can perform proprietary algorithms to conduct RSSI and CINR prediction for AMS and hence reduce the loading of scanning operation for AMS.

4 Text Proposal
---------------------------------------------------------Start of the Text-----------------------------------------------------------
[Adopt the following text modification into AAI_SCN-REQ format started from line#65, page#88 in P802.16m/D4]

If Scan Duration == 0 and N_Recommended_Carrier_Index > 0, the AMS is eligible to scan the inactive carriers without scanning interval. If the AMS is not capable to support carrier aggregation, ABS will be aware the variation of the scanning results for the inactive carriers will be higher than the results for active carriers
[Adopt the following text modification into AAI_SCN-RSP format started from line#57, page#90 in P802.16m/D4]

If Scan Duration == 0 and N_Recommended_Carrier_Index > 0, the AMS is requested to scan the inactive carriers without scanning interval. If the AMS is not capable to support carrier aggregation, ABS will be aware the variation of the scanning results for the inactive carriers will be higher than the results for active carriers. If the AMS is capable to support carrier aggregation, it may follow the operation depicted in 16.2.8.2.9.1.2.
[Adopt the following text modification into AAI_SCN-REP format started from line#21, page#91 in P802.16m/D4]

	Report metric
	Bitmap indicator of trigger metrics that the serving ABS requests the AMS to report. The serving ABS shall indicate only the trigger metrics agreed during AAI_SBC-REQ/RSP negotiation. For each bit location, a value of 0 indicates the trigger metric is not included, while a value of '1' indicates the trigger metric is included in the message. The bitmap interpretation for the metrics shall be:

Bit 0: BS CINR mean

Bit 1: BS RSSI mean

Bit 2: Relative delay

Bit 3: BS RTD

Bits 4-: BS Total received power mean
Bit 5: Reserved; shall be set to zero
	


[Adopt the following text modification started from line#32, page#92 in P802.16m/D4]

	BS Total Received Power Mean
	The BS Total received Power Mean parameter indicates the Total Received A-Preamble Signal Strength measured by the AMS from all ABSs and thermal noise. The value shall be interpreted as an unsigned byte with units of 0.25 dB, e.g., 0x00 is interpreted as -103.75 dBm. An MS shall be able to report values in the range -103.75 dBm to -40 dBm. The measurement shall be performed on the frame preamble and averaged over the measurement period.
	Included when Report metric Bit 4 = 1


----------------------------------------------------------End of the Text-----------------------------------------------------------

Annex: Numerical Analysis on the Feasibility on RSSI and CINR Prediction

· The received preamble power by AMSj mainly depends on the preamble transmission power by ABSi over each carrier

· The received preamble signal power from ABSi by AMSj can be represented by the following equation:

           PR,i,j,k = PT,i,k + Gi,j(θi,j) – PL(di,j,k) – χi,j  dBm,                           (1)
where
PR,i,j,k  : Received power of the preamble signal from ABSi by AMSj over carrier k.
PT,i,k    : Transmission power on preamble signal by ABSi over carrier k.

Gi,j      : antenna gain of the signal transmitted from ABSi to AMSj .

θi,j     : the direction of AMSj the with respective to the steering direction of ABSi.

PL(di,j,k) : path loss experienced by the signals transmitted from ABSi to AMSj.

χi,j     : shadow fading experienced by the signals transmitted from ABSi to AMSj.

· The multi-path fading effect is not shown in the equation (1) because the scanning operation will take average over the preamble measurement results.
· Because the impact by choosing different carrier is the difference on center frequency, Gi,j(θi,j) and χi,j in equation (1) are not function of the carrier index k.

· For the path loss over the signals transmitted from ABSi to AMSj, the typical path loss function can be represented by the following equation:

PL(di,j,k) = Alog10(di,j) + B + Clog10(fc(k)/5)   dB
· The parameters {A, B, C} will be different for different environments. For example, the following path loss model may be used for Rural macro cell environment with LOS condition:
     PL(di,j,k) = 40log10(di,j)+10.5-18.5log10(hBS)-18.5log10(hMS)+1.5log10(fc(k)/5)   dB

     ,where

     hBS : (m) BS antenna height, 
hMS : (m) MS antenna height, 
fc(k) : (GHz) center frequency of carrier k

· In general, the bandwidth of each carrier is from 5MHz~20MHz. Therefore, the separation from the center frequencies of the adjacent carrier will be within 20MHz for most cases.
· If the carriers supported by ABS and AMS are adjacent in frequency domain, the pathloss difference due to different carrier will be very small and can be neglected.
· If the carriers supported by BS and MS are separated in frequency domain (e.g. one carrier in 2.5GHz and another at 3.5GHz), the path loss difference will be larger (e.g. around 3dB). But it can be pre-calculated once the MS can know parameter “C” in advance.
· Therefore, the main factor to impact the PR,i,j,k under different k is the PT,i,k.

· The propagation loss in different carrier will not change significantly. The main difference comes from the BS transmit power over each carrier.

· The received preamble signal power in carrier k’ can be easily derived by the scanning result obtained from carrier k by adding the following offsets:
                  PR,i,,j,k’≈ PR,i,j,k + PT,offset(k, k’) + PLoffset(k, k’)
· PT,offset(k, k’) = PT,i,j,k’ - PT,i,j,k
· PLoffset(k, k’) = C log10(fc(k)/fc(k’)) : the path loss difference between carrier k and k+1, which is function of the path loss exponent “C” as depicted in previous slide. 
· MS can always know fc(k) after synchronize with the serving BS over carrier k, and it can usually know fc(k’) from multi-carrier configuration information sent by BS. Then MS can derive the PLoffset(k, k’) once it knows the path loss exponent “C”.

· The received preamble signal power is usually used for reporting to serving BS as the RSSI (Received Signal Strength Index) result 

· If carrier k and carrier k’ are very close in frequency domain (e.g within 100MHz), this path loss offset value will be very small and can be ignored. 

· BS may only need to inform MS the “C” to support multiple band classes scenarios

· The received CINR of carrier k’ can be further derived based on the derived preamble signal power of carrier k’

                  CINRi,j,k’  = PR,i,j,,k’ / (IR,i,j,k’ + N)
                                  = PR,i,j,,k’ / (PR,total,j,k’ - PR,i,j,,k’) 

      ,where

      IR,j,k’ : received interference power when decoding the signal from ABSi to AMSj over carrier k’

     PR,total,j,k’ : total received power by AMSj over carrier k’, including the power of the signals transmitted from each ABS and the thermal noise power.
· Once the AMSj can obtain the total power received from carrier k’, it can also derive the received CINR received from ABSi over the carrier k’ before scanning the preamble signal transmitted by ABSi over the carrier k’.
· AMS only need to measure the total received power from each carrier and perform the aforementioned derivation, then it can obtain the received CINR from each ABS before scanning their preamble over each carrier.
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