
IEEE C802.16m-09/0034r1

	Project
	IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16>

	Title
	SDD Text Proposal for IEEE 802.16m SCH

	Date Submitted
	2009-01-09

	Source(s)
	Luciano Sarperi, Dorin Viorel, 
Masato Okuda, Kevin Power, 
Rajni Agarwal
Fujitsu

	E-mail:
luciano.sarperi@uk.fujitsu.com; dviorel@fmci.fujitsu.com; okuda@jp.fujitsu.com; kevin.power@uk.fujitsu.com; rajni.agarwal@uk.fujitsu.com


	Re:
	TGm SDD: Call for Comments, Section 11.7.2.1.2.1.4

	Abstract
	This contribution proposes an SCH allocation scheme which reduces SCH interference between femtocells and macrocells and facilitates multi-BS modes

	Purpose
	Discussion and approval by TGm.

	Notice
	This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for discussion. It is not binding on the contributor(s), who reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.

	Patent Policy
	The contributor is familiar with the IEEE-SA Patent Policy and Procedures:

<http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and <http://standards.ieee.org/guides/opman/sect6.html#6.3>.

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and <http://standards.ieee.org/board/pat>.


SDD Text Proposal for IEEE 802.16m SCH
Luciano Sarperi, Dorin Viorel, Masato Okuda, Kevin Power and Rajni Agarwal
Fujitsu

1. Introduction
By operating femtocells and macrocells on the same frequency band, large areal capacity gains can be obtained compared to a network deployment purely based on macrocells [2], without the need of additional bandwidth. However, such a deployment can result in significant interference on control channels between femtocells and macrocells. Additionally, associating the actual 802.11 access points with the future 802.16m based femto-cells, we could expect a number of hundreds of femto BS deployed per macro BS related sector. In return, such a possible massive deployment could exhaust the pool of available preamble index sequences, if this pool is re-used with other BS entities (like macro, micro, pico or relay stations).
This contribution proposes an SCH allocation scheme which reduces interference on the SCH between femtocells and macrocells and could also maximize the pool of available preamble indexes for femto and macro BS. Interference reduction on the SCH is useful for multi-BS modes of operation such as HO with concurrent communication with the serving and target BS as defined in the SDD [1], which can be applied when the MS is positioned in the overlapping coverage area of a multiple BS entities. Furthermore, since the proposed SCH allocation scheme reduces interference from femtocells to macrocells on the SCH, it also improves the macrocell SCH detection performance of non-femtocell MSs in the vicinity of femtocell BSs.
Without interference mitigation on the SCH, the large signal strength difference between the femtocell and macrocell SCH signals can cause strong interference or exceed the dynamic range of the MS PHY. Such a problem can arise even if the sequences carrying the cell IDs have ideal properties, i.e. if the femtocell and macrocell SCH sequences have no cross-correlation or if femtocells and macrocells use different segments.

In legacy systems, all BSs transmit their preambles synchronously. Once an MS detects a preamble, its PHY remains locked on the received frame structure from the serving BS, as long it receives the same preamble every frame. The problem with this approach is that is causes interference between femtocells and macrocells on the SCH. Additionally, if the same preamble index has to be re-used in an overlapping service area for two or more BS entities without interference mitigation, then this could result in limited support for multi-BS modes where the MS is being served by multiple BSs. For multi-BS modes involving femto- and macrocell BSs, the MS must be able to accurately determine the timing with respect to all potentially cooperating BSs reliably, since large propagation delay differences can be expected between the cooperating BSs. 
2. SCH Allocation within a Superframe

The main idea of the proposal is that different types of BSs transmit their preamble index and accordingly the related Cell ID at different positions in time, in particular femtocell BS should use idle SCH symbols. This reduces the interference between the different BS entities on the SCH and it could further facilitate the ranging of an MS with respect to different types of BSs, required for multi-BS modes.
The SCH interference problem is shown in Figure 1. The proposed solution is that a femtocell BS has some idle SCH instances in which it does not transmit its SCH information (additionally the macrocell BS may also have an idle SCH instance).
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Figure 1 Interference on the SCH between femto and macrocells
As a further example which benefits from reduced SCH interference, the challenges posed by multi-BS operations involving femtocells and macrocells are shown in Figure 2. It is assumed that the MS is served by both the femtocell BS and the macrocell BS, e.g. during HO with concurrent communication with the serving and target BS. Due to the large range differences between the femtocell BS to MS and macrocell BS to MS links, the resulting propagation delay difference could be beyond the PHY capabilities, unless the MS can perform initial ranging with both the femtocell BS and macrocell BS. In the example shown, the 3km macrocell radius results in 10 μs propagation delay while the 6m femtocell radius results in only 20ns propagation delay. 
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Figure 2 Challenges in multi-BS synchronization
In the proposed synchronization channel architecture idle SCH symbols are assigned to femtocell BSs, in which they do not transmit their cell ID. This is particularly possible since a femtocell BS is not supposed to service high mobility environments, hence the repetition rate of the SCH should be lower than in the case of other BS entities, servicing outdoor environments.

Macrocell BSs may either use all SCH symbols (to support high mobility) or they may have one idle SCH symbol (to reduce the interference on the SCH from macrocell to femtocell). 
Figure 3 shows the proposed synchronization channel architecture for the IEEE 802.16m system in case of no legacy IEEE 802.16e support and when using the TDD mode. It should be noted that the same architecture can be applied to the FDD mode. In the IEEE 802.16m system, there exist two hierarchy levels for the synchronization channel [1]: Primary synchronization channel (P-SCH) and secondary synchronization channel (S-SCH). The P-SCH carries limited information such as BS type, sector information etc. and is used for initial coarse synchronization while the S-SCH carries the cell ID. The exact allocation of S-SCH and P-SCH (e.g. how the SCH resources are split between P-SCH and S-SCH) is currently not defined in the SDD [1]. In Figure 3 it is assumed that four SCH symbols per superframe are used to carry P-SCH, S-SCH, S-SCH and S-SCH information, however, the same fundamental idea could also be applied to an SCH architecture where the P- and S-SCH are carried within one symbol in TDM mode. 
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Figure 3 Proposed Synchronization Channel Architecture for IEEE 802.16m system
The proposed SCH architecture shown in Figure 3 is summarized below:

· P-SCH is transmitted by all BS entities
· S-SCH 1 and S-SCH 3 are transmitted by macrocell, microcell or pico BSs. S-SCH 2 can also be transmitted if macrocells and femtocells use different S-SCH sequences, in order to improve mobility support
. The same sequences are transmitted in S-SCH 1, S-SCH 2 and S-SCH 3
· S-SCH2 is transmitted by femtocell BSs (CSG and OSG). S-SCH2 should use a different preamble index sequence than the other BS entities
In summary, the proposed SCH architecture reduces the interference on the S-SCH between femtocells and the macrocell and it could further support ranging with multiple BSs, when one of the overlapping coverage BSs is a femtocell BS. Additionally, it also reduces SCH interference for non-femtocell MSs. Finally, the idle SCH symbols improve the ability of neighboring femtocell BS to properly detect and synchronize to the macrocell SCH. 

3. Proposed SDD Text

--------------------------------------------Start of the Text--------------------------------------------------------

[Add the following into the TGm System Description Document]

11.7.2.1.2
Synchronization channel architecture
11.7.2.1.2.1.4 
Location of synchronization symbols

In mixed deployments, the presence of the IEEE 802.16e preamble in the first symbol of the IEEE 802.16e frame is implicit. The location of the SCH symbol(s) is fixed within the superframe. 
For example, if 4 symbols per superframe are used for SCH, the 802.16m SCH can be transmitted in the first subframe of every 802.16m frame as shown in Figure 48. Femtocell BSs shall have idle SCH symbols in the second and fourth frame within a superframe. Macrocell BSs may optionally have an idle SCH symbol in the third frame within a superframe. The detailed allocation of SCH in time and frequency for P-SCH and S-SCH within a superframe and a subframe are FFS.
-----------------------------------------------End of the Text------------------------------------------------------
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�Dorin, I have removed the 100km/h figure, because we have no analysis/simulations to back it up.
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