3GPP TSG RAN WG1 Meeting #58bis
R1-093756
Miyazaki, Japan, October 12 – 16, 2009
Agenda Item:
6.4
Source:
Potevio
Title:
Considerations on precoding granularity for downlink MU-MIMO dual-layer beamforming in TDD
Document for:
Discussion and Decision
1. Introduction 

As an enhanced downlink transmission scheme, MU-MIMO dual layer beamforming [1] can use precoding to suppress inter-user interference at the eNodeB. Precoding granularity is a factor that affects system performance. In the Chairman notes of RAN1 #57 meeting, an issue related to precoding granularity is raised:

· Per-PRB pair-based DRS design still seems appropriate

· Take into account the performance aspect related to interpolation of channel estimate across RBs 

· Need for indication of precoding granularity?  

Using a smaller precoding granularity can increase the precoding gain since the resulting precoder can better match the channel. On the other hand, when using a larger precoding granularity, channel estimate can be interpolated across more RBs which may provide better channel estimation quality [2]. The selection of precoding granularity is thus a tradeoff between precoding gain and channel estimation performance. 

It is apparent that the gain from interpolation of channel estimate across RBs depends on the specific DM-RS pattern used. Furthermore, to fully exploit the gain, UE needs to know the precoding granularity which may be indicated to it via downlink control signaling.

In RAN1 #58 meeting, a CDM-based DM-RS pattern was given in the Way forward on dual-layer beamforming [3], as shown in Appendix 1. In this contribution, we use this DM-RS pattern to investigate the impact of precoding granularity on performance via link-level simulations and discuss whether indication of precoding granularity to UE is needed.
2. ZF and SLNR Precoding
In this contribution, we consider two non-codebook precoding schemes based on zero-forcing (ZF) [4] or signal-to-leakage-plus-noise (SLNR) [5] criterion. The downlink channel information used by the eNodeB to perform precoding can be expressed as
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where 
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 is the downlink channel matrix on subcarrier k, S is the set of subcarriers which share the same precoder, and 
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 is the cardinality of S. Thus, 
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 gives the precoding granularity in terms of RBs. In the following simulations, we assume that 
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 is known at the eNodeB by exploiting reciprocity between the uplink and downlink channel in a TDD system. 
3. Simulation Results 

MU-MIMO downlink dual-layer beamforming with one stream per UE is considered in the simulations. The simulation parameters are listed in Appendix 2. Multi-user transmission is assumed to be transparent to the UEs, which means that each UE is not aware of the interference from the co-scheduled UE and employs single-user receiver. Given the relatively accurate knowledge of 
[image: image6.wmf]ˆ

R

 at the eNodeB, inter-user interference is mostly suppressed at the transmitter, so the single-user receiver should perform close to the receiver that explicitly takes into account the residual interference.
Figure 1 shows the BLER performance of ZF and SLNR precoding for precoding granularity of 1, 2, or 6 RBs. It can be seen that using a large granularity (of six RBs ) may cause significant performance degradation compared to per-RB based precoding. Furthermore, SLNR precoding is less sensitive to granularity and provides better performance than ZF precoding.
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Figure 1. ZF vs SLNR precoding for different precoding granularity

Figure 2 shows the raw BER performance when a precoding granularity of 6RB is used. For both ZF and SLNR precoding, two channel estimation schemes are considered: one with interpolation of channel estimate across RBs and the other without interpolation across RBs. It can be seen that for each precoding scheme, both channel estimation schemes provide almost the same performance. This implies that UE needs not to know the precoding granularity and always perform channel estimation on a per-RB basis without sacrificing performance.
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Figure 2. ZF vs SLNR precoding with or without interpolation of channel estimate across RBs

4. Conclusions

In this contribution, we have evaluated the impact of precoding granularity on the performance of ZF and SLNR precoding for MU-MIMO dual-layer beamforming, using the DM-RS pattern in R1-093697. Since no obvious gain can be obtained by interpolation of channel estimation across RBs, we suggest that indication of precoding granularity is not needed.

Appendix 1
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Appendix 2
	Parameter
	Assumption

	BS antenna configuration
	8 antennas, 0.5 lambda spacing, cross-polarized

	UE antenna configuration
	2 antennas, 0.5 lambda spacing, cross-polarized

	Bandwidth
	10MHz

	Uplink channel estimation
	Ideal

	Downlink channel estimation
	MMSE with linear frequency-domain interpolation

	Channel model
	SCM-UrbanMicro 

	MCS 
	16QAM/Turbo code with rate 0.5

	Receiver 
	Single-user MMSE

	User number
	2

	Scheduled bandwidth
	6 RB

	UE mobile speed
	3 km/h
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