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1. Introduction
To meet the peak rate requirements for LTE-A, designs up to 8x8 antenna configurations and spatial multiplexing with up to eight layers are considered. In RAN1#57 meeting, some issues of higher-order MIMO were discussed including the layer mapping, feedback, transmit diversity, reference signal and so on. Some agreements and decision were reached as below.
· Codeword to layer mapping

· Expand the layer mapping in R8 to 8 layers
· Codebook-based precoding feedback for single cell SU-MIMO as working assumption

· Continue discussion in relation to COMP feedback, MU-MIMO discussion

· Continue discussion about possibility of not having codebook-based precoding feedback

· TXD with 8 antennas for single cell operation

· PDCCH, PDSCH to Rel-10 UE in non-MBSFN subframes: Rel-8 TXD with 2 or 4 TX antennas used via standard-transparent virtualization

· PDSCH to Rel-10 UE in MBSFN subframes: continue discussion

· Alt1: no TXD transmission

· Alt2: Rel-8 TXD with DRS

· Alt3: Rel-8 TXD with Rel-8 CRS in control region only

· Layer shifting

· Continue discussion

· 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?  

· 8TX antenna SU-MIMO without PMI feedback

· Continue discussion

As the precoding granularity is an important issue in the performance of downlink higher-order MIMO, we discuss some details of precoding granularity in this contribution.
2. Discussion
2.1. Indication of precoding granularity
It is claimed that interpolation of channel estimate across RBs can bring some performance gains in terms of channel estimation especially true for MMSE based estimator. To effectively reap the benefits of multi-RB channel estimation, UE should be aware of the precoding granularity applied in BS, and then channel estimation with corresponding granularity can be accomplished. One of the following three schemes can be considered to indicate the precoding granularity to receiver.
· Scheme 1: Indication by high layer signaling

When transmitter is scheduled in a transmission mode with precoding by RRC signaling, precoding granularity can also be informed by RRC signaling. The precoding granularity information (PGI) can be encoded jointly with transmission mode or encoded individually. If encoded jointly, precoding granularity can only be changed along with the transmission mode. This scheme can inform precoding granularity flexibly when transmission mode is changed.
· Scheme 2: Indication by control signaling

Precoding granularity can also be indicated by control signaling in PDCCH. Some bits can be contained in corresponding DCI formats to indicate the precoding granularity. As the number of possible precoding granularity would not be too large, 2-3 indication bits should be enough. Even if precoding granularity changes frequently, UE can estimate the channel information well.
· Scheme 3: Prior agreement between BS and UE

To reduce the signaling overhead, UE and BS can make an agreement about precoding granularity before transmission. When an UE is scheduled in precoding mode by high layers, the UE is aware of the precoding granularity according to the agreement. The agreement can be a fixed value, or related to system parameter, such as system bandwidth. For example, the granularity can be as shown in the table 1.
Table 1, Mapping of precoding granularity
	System Wideband
	>1.4M
	>5M
	>10M

	User PRBs
	1prb
	2prb
	6prb
	10prb
	20prb
	50prb

	Granularity
	1
	2
	2
	2
	4
	5


This scheme does not need any additional overhead, which makes it attractive for LTE-A downlink transmission.

The PGI can be the value of granularity or simply the level indicating the possible granularity. If the scheduled PRBs can’t be divided exactly by the precoding granularity, the remaining PRBs can be precoded and estimated jointly with previous PRB-pair or precoded individually. 
2.2. Optimization of precoding granularity
It’s acknowledged that the appropriate granularity can optimize the performance. During channel estimation in UE, the estimation granularity must be smaller than or equal to the precoding granularity to ensure the accurateness of estimation. For PRB pair-based channel estimation, the more PRBs are estimated jointly, the more gains in performance from MMSE interpolation can be obtained. Therefore from the channel estimation point of view, larger the precoding granularity better the performance. On the other hand, the precoding gain is reduced with the larger precoding granularity due to the mismatch between precoding matrix and the channel. In one word, the optimization of precoding granularity should be a tradeoff between precoding gain and performance of channel estimation. 
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Figure1: Performance of different precoding granularity for rank=1
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Figure2: Performance of different precoding granularity for rank=2
Figure 1-2 shows the performance of different precoding granularity assuming 10 RPBs are scheduled. We can find that neither per-PRB precoding nor wideband precoding is the best scheme. A granule size in middle way between them shows better performance.
3. Conclusion

This contribution analyzes indication and optimization of precoding granularity in downlink MIMO. We make following observations:
· The precoding granularity can be indicated by high layer signaling, control signaling, or prior agreement between BS and UE.
· Precoding granularity should be a tradeoff between precoding gain and performance of channel estimation.
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5. Appendix 
5.1. Simulation assumption

A summary of the simulation assumptions is listed in table2.
Table 2, Simulation parameters

	Parameter

	Assumption

	Antenna configuration
	4×2 

	Distance of UE antennae
	0.5 lambda

	Distance of BS antennae
	10 lambda

	Bandwidth
	5M

	Channel model
	SCM-UrbanMacro

	Transmission mode
	Noncodebook based precoding

	MCS 
	Refer to 36.213

	Channel code
	Turbo code

	HARQ retransmission number
	4

	Carrier frequency
	2.0 GHz

	Receiver 
	MMSE

	CQI/PMI delay
	5 ms 

	DMRS estimation 
	Real

	Codeword number
	1/2

	Layer number
	1/2 

	Scheduled resource  block
	10 RB

	Precoding granularity 
	1/2/5/10

	Pilot overhead 
	2 symbol for each subframe

	UE mobile speed
	3km/h


