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Introduction

This contribution includes proposed text to Multi-BS MIMO in the 802.16m D4 document.
Motivation of modifications 

To perform Downlink Multi-BS MIMO, an AMS is required to know certain parameters, such as temporary BSID of ABSs that take part in downlink multi-BS operation. In the current D4 document, Diversity set NUM, change count and BS index are broadcast in the AAI_DL_IM message. 4 bits are allocated to diversity set NUM, indicating at most 16 adjacent ABS for multi-BS MIMO operation. 

The current operation procedure for multi-BS joint processing in D4 is as following
1. ABS broadcast Temp_BSID through AAI_DL_IM Message

2. AMS measures NIP for each base station and see if it meets triggering mechanism

3. If it meets triggering mechanism, AMS sends AAI_MULTI_BS_MIMO-REQ with Temp_BSID and NIP value for base stations which has higher NIP than threshold.

4. ABS indicates which base station to coordinate in case of multi-BS joint processing (Co-MIMO and CL-MD)

5. ABS allocates feedback with Feedback Polling A-MAP IE

6. AMS feedback multi-BS MIMO CQI, PMI, CPMI through AAI_MultiBS_MIMO_FBK_Message
For multi-BS joint processing, NIP of each collaborative ABS may not be very high. For example, with 4 collaborative ABSs, NIP of each involved adjacent ABS may be less than 1/3. The most important requirement for collaborative ABSs selection is that all involved adjacent collaborative ABSs shall contribute a significant portion of total interference to AMS, if multiBS coordination is not implemented (which means the sum NIP of adjacent collaborative ABSs shall be high enough).  
One problem in the trigger mechanism is that NIP_th_2 does not work when collaborative ABS number is larger than 2. Also, the overhead in AAI_MULTI_BS_MIMO-REQ can be reduced by using different BSID indication method for Single-BS precoding with multi-BS coordination and multi-BS joint MIMO processing. Therefore, we propose following text changes on NIP_th_2 and AAI_MULTI_BS_MIMO-REQ.     
Proposed texts:
Remedy #1: To modify section 16.5.1.4
-------------------------------------------------- Text Start ---------------------------------------------------

16.5.1.4 Multi-BS MIMO trigger mechanism
ABS broadcasts normalized interference power (NIP) thresholds for 2 types of multi-BS MIMO schemes and one common CINR threshold. The NIP is defined as ratio of average interference power (with or with​out transmitter precoder) from one dominant interference BS to the total interference power plus noise received by AMS. The AMS may accordingly request the preferred multi-BS MIMO scheme. The operation procedure of the multi-BS MIMO trigger follows the steps below.
1) AMS in normal process of Single-Cell CL MIMO feeds back information for CL MIMO operation.
2) ABS selects a NIP threshold NIP_th_1 for single-BS precoding with multi-BS coordination, a threshold NIP_th_2 for multi-BS joint MIMO processing and a common CINR_th based on network measurements. NIP_th_1 is threshold for per-ABS NIP of one adjacent ABS and NIP_th_2 is threshold for sum NIP of several adjacent ABSs whose per-ABS NIP is larger than NIP_th_1. Then the ABS broadcasts the NIP thresholds NIP_th_1, NIP_th_2 and CINR_th in AAI_DL_IM message.
3) AMS computes its average per-ABS NIP of adjacent ABSs listed in AAI_NBR-Adv message, calculates sum NIP when per-ABS NIP is higher than NIP_th_1, and checks the trigger conditions. If per-ABS NIP≥NIP_th_1 and sum NIP<NIP_th_2 and CINR<CINR_th AMS may request operation with single-BS precoding with multi-BS coordination using the AAI_MULTI_BS_MIMO-REQ message. 
a) AMS feedback its event-driven request to operate single-BS precoding with multi-BS coordi​nation to its serving BS through AAI_MULTI_BS_MIMO-REQ which includes a NIP differ​ence measurement with respect to NIP_th_1.
b) Once an AMS receives a Feedback Polling A-MAP IE, the procedure outlined in 16.5.1.2.1will be followed.
4) If per-ABS NIP≥NIP_th_1 and Sum NIP≥NIP_th2 and CINR < CINR_th, AMS may request operation with multi-BS joint MIMO processing using the AAI_MULTI_BS_MIMO-REQ message.
a) AMS feedback its event-driven request to operate with multi-BS joint MIMO processing to its serving BS through AAI_MULTI_BS_MIMO-REQ which includes a NIP difference measure​ment with respect to NIP_th_2. Also, an 8 bit bitmap is included indicating which adjacent ABSs are involved in multi-BS joint MIMO processing.  
b) Once an AMS receives a Feedback Polling A-MAP IE, the procedure outlined in 16.5.1.3.1will be followed.
-------------------------------------------------- Text End---------------------------------------------------




	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




	
	
	


















	
	
	

	
	
	





Remedy #2: To modify section 16.2.3.39
-------------------------------------------------- Text Start ---------------------------------------------------

16.2.3.39 AAI_MULTI_BS_MIMO-REQ
The AAI_MULTI_BS_MIMO-REQ message shall be transmitted by the AMS to report its preference on single BS precoding with Multi-BS MIMO coordination or multi-BS joint MIMO processing.
---ASN.1START
AAIMULTIBSMIMOREQ Message::SEQUENCE{
Multi-BS MIMO Request    Boolean,
NumBS
INTEGER (1..8)

-- NIPParam shall be transmitted from strongest to weakest 
NIPList::=SEQUENCE (SIZE (1..NumBS)) OF NIPParam 

}
NIPParam::=SEQUENCE{

Temp_BSID   INTEGER (0..15),

NIP Value   INTEGER (0..15)
}

--ASN1STOP
Table 715—AAI_MULTI_BS_MIMO-REQ message format
	Name 
	Value 
	Usage

	Multi-BS MIMO Request
	1 bit
	0b0: Single-BS precoding with Multi- BS Coordination 
0b1: Multi-BS Joint MIMO Processing

	If (Multi-BS MIMO Request==0b0){
	
	

	   NumBS
	3 bits
	Number of base station which exceeds threshold

	   for (i=1; i<= NumBS;i++) {
	
	

	    Temp_BSID
	4 bits
	Temp_BSID is broadcasted through AAI_DL_IM message

	    NIP Value
	2 bits
	Absolute NIP value encoded as difference to NIP_th_1 when Multi- BS MIMO Request = 0. The value shall be interpreted as unsigned 2bits with units of 0.5 dB, 0b00 is interpreted as NIP_th_1 and 0b11 is interpreted as NIP_th_1+1.5dB or higher.

	   }
	
	

	}
	
	

	if (Multi-BS MIMO Request==0b1){
	
	

	Bitmap_for_Requested_Adjacent_ABSs 
	8 bits
	0b0: ABS is not involved in multiBS MIMO 
0b1: ABS is involved in multiBS MIMO
Each bit in this bitmap represents one ABS and the i-th bit (i=1,…,8) represents the neighboring ABS (listed in AAI_NBR-Adv message) with the i-th strongest channel to the AMS. 

	NIP Value
	2 bits
	Absolute NIP value encoded as difference to NIP_th_2 when Multi- BS MIMO Request = 1. The value shall be interpreted as unsigned 2bits with units of 0.5 dB, 0b00 is interpreted as NIP_th_2 and 0b11 is interpreted as NIP_th_2+1.5dB or higher. 


	}
	
	

	NIP Value

	
	Absolute NIP value encoded as difference to NIP_th_1 when Multi- BS MIMO Request = 0. The value shall be interpreted as unsigned 2bits with units of 0.5 dB, 0b00 is interpreted as NIP_th_1 and 0b11 is interpreted as NIP_th_1+1.5dB or higher.
Absolute NIP value encoded as difference to NIP_th_2 when Multi- BS MIMO Request = 1. The value shall be interpreted as unsigned 2bits with units of 0.5 dB, 0b00 is interpreted as NIP_th_2 and 0b11 is interpreted as NIP_th_2+1.5dB or higher.

	   NumBS
	3 bits
	Number of base station which exceeds threshold

	    Temp_BSID
	4 bits
	Temp_BSID is broadcasted through AAI_DL_IM message

	
	
	


------------------------------------------------- Text End---------------------------------------------------------
Remedy #3: To modify section 16.2.3.34 AAI_DL_IM Message
-------------------------------------------------- Text Start ---------------------------------------------------

Table 712-Parameters for AAI_DL_IM Message
	nipTh2
	4
	NIP_th_2
The value shall be interpreted as unsigned 4bits with units of 0.5 dB, 0b0000 is interpreted as -7.5dB and 0b1111 is interpreted as 0.0dB 
Sum NIP threshold for DL Multi-BS Joint MIMO Processing trigger. 


-------------------------------------------------- Text End ---------------------------------------------------

Remedy #4: In order to assist intra-ABS coordination for interference mitigation, to modify section 16.2.3.34 AAI_DL_IM Message to enable DL subband indication where PMI coordination (recommendation or restriction) is requested by AMSs in adjacent ABS. 
-------------------------------------------------- Text Start ---------------------------------------------------

Table 712-Parameters for AAI_DL_IM Message
	DL bitmap of subband based CRU for PMI coordination
	
	If LSB#n is '1', the nth subband based CRU requires PMI coordination 


-------------------------------------------------- Text End ---------------------------------------------------

Remedy #5: In the current D4, subcarrier permutation for CL-MD and Co-MIMO is not clearly specified. Collaborative ABSs shall use the same subcarrier permutation. Therefore, we propose some following text at the end of 16.3.11.3.1 PRBS for subcarrier randomization.
-------------------------------------------------- Text Start ---------------------------------------------------
For data and pilot subcarriers belonging to E-MBS allocation alternative subcarrier randomization sequence is applied. The sequence is generated as described above, but 10 least significant bits of multicast STID shall be used as b0…b9 in PRBS initialization vector instead of IDcell.
For data and pilot subcarriers belonging to CL-MD and Co-MIMO allocation alternative subcarrier randomization sequence is applied. The sequence is generated as described above, but 10 least significant bits of STID shall be used as b0…b9 in PRBS initialization vector instead of IDcell.
-------------------------------------------------- Text End ---------------------------------------------------
Remedy #6: To modify 16.5.1.3.1 Operation procedure, page 710, line 26.
-------------------------------------------------- Text Start ---------------------------------------------------
The Collaborative MIMO Zone (Co-MIMO Zone) is defined to facilitate inter-ABS coordination for sup​porting Co-MIMO transmission. Co-MIMO Zone is a radio resource region composed by LRUs and sub-frames, where the Co-MIMO Zone utilized by neighboring ABSs for Co-MIMO transmission will associate to the same LRU and sub-frames. The permutation of the Co-MIMO Zone for these ABSs shall should be the same.
-------------------------------------------------- Text End ---------------------------------------------------
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