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1 Introduction

The granularity of the feedback of precoding matrix index (PMI) for DL SU-MIMO has recently been discussed in RAN1. It was concluded in meeting #47 that “the network shall be able to configure the granularity in time/frequency” and that the “set of possible resolutions is FFS” [1]. 
Feeding back one PMI per resource block (RB) per TTI, leads to excessive signalling overhead. To reduce the overhead, resource block grouping can be adopted [2]-[7], where the desired PMI is fed back per group of N adjacent resource blocks (RBG) instead of one PMI per resource block. Although resource block grouping reduces the feedback by a factor N, it has been observed in [8]

 REF _Ref152578127 \r \h 
 \* MERGEFORMAT [9] that further reduction to a single PMI is possible, in scenarios with high channel correlation, or low frequency selectivity, if this single PMI is determined by the preferred PMI of the best RBGs. The reason is that in these scenarios, the optimal precoding matrix selection will not be independent from RB to RB, but rather only a few unique PMI’s will be used over the whole bandwidth. 

The aim of this contribution is thus to find the a statistical upper bound on how many unique PMI’s are actually necessary to be feed back. The analysis is made in different channel correlation scenarios and the upper bound  is then used as a guideline for the actual design of the PMI feedback channel and to identify the set of necessary resolutions.

2 Analysis
A system level simulator was used, see Appendix I for the simulator settings. For each resource block group consisting of N=2 RB or equivalently 24 OFDM subcarriers, we searched for the precoding vector (rank 1 transmission was assumed) that maximizes the receiver signal to noise ratio (intercell interference assumed to be AWGN). As the simulation bandwidth was 10 MHz there is a total of 25 RBGs. 

2.1 Definitions

Assume that there are K RBGs reserved for L-VRB. The optimal precoding matrix for RBG number k could for instance be obtained as the matrix P that maximizes the SINR
 for this RBG:
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where S is the codebook of precoding matrices. Define the K-tuple of precoding matrices as 
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 and the underlying set of unique elements (i.e. excluding multiplicities in Q) as
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which contains
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 elements. R will be a random variable and the distribution function of R gives some indication on how large PMI compression is possible given a certain channel. If the average of R is close to 1, a single PMI may be sufficient and still maintain performance close to the full feedback performance but if average R is closer to the number of RBGs K, it is likely that one PMI feedback per RBG is needed. 

Furthermore, we need the following definitions
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(2)
is the precoding matrix that maximizes the SINR for the RBG with largest SINR and the corresponding SINR is


[image: image6.wmf](

)

*

=

*

=

P

SINR

SINR

k

1...K

k

max

 

.




(3)
If the precoding matrix P* is used in all K RBGs, despite the sub-optimality of this selection, then the SINR loss for RBG (in dB) number k is
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(4)
The statistics for this parameter gives, for a certain channel, how much is lost by feeding back a single PMI, which will save a lot of control signaling both in UL and DL, instead of feeding back one PMI per RBG.

2.2 Simulation results

In Figure 1 we present the cumulative frequency for the number of unique PMI, R, in different channel scenarios. As an example, in SCM Urban channel with 0.5( antenna spacing (high correlation), a UE reports less than or equal to 2 unique PMI’s in 73% of all reporting occasions.  On the other hand, in the SCM Urban channel with 10( antenna spacing (low correlation), 2 unique PMI’s or less are sufficient in only 3% of the signaling occasions. Two common channel scenarios gives thus very disparate feedback requirements and the idea of defining multiple feedback modes is justified.
In Figure 2, the cumulative frequency of the parameter R conditioned on that the SINR for the reported RBG is within 3 dB of the RBG with highest SINR, i.e. SINR*, according to the principle in [10] is presented. Clearly, reporting a single PMI is sufficient in a high correlation channel such as the SCM Urban channel with 0.5( antenna spacing in 53 % of the signaling occasions. This should be compared to the TU channel (uncorrelated fading), where we correspondingly need up to 5 unique PMI’s in 53 % of the signaling occasions.
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Figure 1 Cumulative frequency of the number of the unique PMI reported from all resource block groups. 2x2 MIMO with codebook size 8 vectors.
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Figure 2 Cumulative frequency of the number of unique PMI reported from resource block groups within 3 dB of SINR* , the SINR of the best RBG. 2x2 MIMO with codebook size 8 vectors.
In the appendix II, Figure 4 and Figure 5 show the corresponding results for the 4x2 MIMO channel. 

From all these results, we can conclude that in medium to highly correlated channel scenarios, feedback of a single PMI could be sufficient, especially if we consider the significant RBGs. This is in line with what was shown earlier in [9], that a single PMI feedback gives 5-7% average user and cell throughput loss compared to ideal (per RBG) feedback of PMI in scenarios with high antenna signal correlation. 
To assess the loss in other types of channels, we have investigated the post- receiver SINR (using the EESM metric) loss statistics for a RBG when using a single PMI for all RBG compared to using the optimal SINR maximizing PMI in each RBG. The single PMI were selected as in (2)  and the loss is defined as (4). 
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Figure 3 The CDF for the loss in post-receiver SINR per RBG when feeding back a single PMI per UE compared to using one PMI per RBG per UE.  2x2 MIMO with codebook size 8 vectors.

From Figure 3 we see that the SINR loss is less than 0.5 dB with 95% and 71% probability for the SCM urban Macro and SCM urban Micro channels respectively with 0.5( antenna spacing. This is the high correlation scenario. We also see from Figure 3 that in the Pedestrian A channel, the SINR loss is less than 0.5 dB with 83% probability even though the antenna signal correlation is zero in this case. The SINR loss distribution are skew and the median loss is 0 dB for the high spatial correlation  and the high frequency correlation channel. A summary of the average loss can be found in Table 1 below.
Note also that the SINR loss is 0 dB for a RBG with 87% probability in the SCM Urban 0.5( case although Figure 1 shows that  30% of the UEs need more than one PMI to be optimal. This indicates that even though a UE optimally need two PMI, one of the two will be used much more frequently than the other and feedback overhead can be saved by just feeding back the most useful one. 
Table 1 The average loss in post-receiver SINR when using a single PMI in all RBG compared to using the optimal PMI per RBG.

	
	Average loss in SINR ((k) per RBG [dB]

	Channel Type
	2x2 setup
	4x2 setup

	Pedestrian A (iid)
	0.4 
	0.5

	Typical Urban (iid)
	1.2
	1.8

	SCM-Urban Macro-10 (
	1.2
	1.7

	SCM-Urban Micro-10 (
	1.2
	1.7

	SCM-Urban Macro-0.5 (
	0.1
	0.2

	SCM-Urban Macro-0.5 (
	0.8
	0.8


3 Discussion
The results in this contribution show that in channels with high correlation or with low frequency selectivity, the number of unique PMI’s in an ideal feedback situation with one PMI per RBG is smaller than the codebook size and certainly much smaller than the total number of RBG’s.  This is especially true if we consider the significant RBG’s , i.e. those with highest SINR which are most likely to be scheduled. The loss of feeding back a single PMI in these channel scenarios is small compared to the large savings in feedback overhead. 

On the other hand, low antenna signal correlation and in low Doppler channels, feedback of PMI per RBG is necessary as reported earlier [3].  To reduce the number of modes in E-UTRA, we suggest to limit the number of modes to two feedback modes to adapt the feedback granularity in time/frequency as follows
PMI-feedback Mode A  (e.g. high channel correlation or medium/high Doppler)
· A single PMI feedback per UE
· Could be combined with Best-M method so the PMI selection is based only on the M significant RBGs (with highest SINR).
PMI-feedback Mode B (low channel correlation and low Doppler)
· One PMI per RBG per UE is fed back
· Could be combined with Best-M method so the PMI feedback is only transmitted for the M significant RBGs (with highest SINR).
The PMI feedback mode selection and setup is FFS.
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Appendix I
Table 1  Simulation parameters

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500 m

	Transmission BW
	10MHz 

	Carried frequency
	2GHz

	Sub-carrier spacing
	15kHz

	Sampling frequency 
	7.68 MHz

	Number of occupied sub-carriers
	512

	Number of OFDM symbols per TTI
	7

	Channel Estimation
	Ideal Estimation

	Modulation
	BPSK, QPSK, 16QAM, 64QAM 

	Channel environments
	SCM Urban 15°, TU, Pedestrian A

	Intercell interference
	Spatially and temporally white

	Antenna configuration
	2 or 4 transmit antennas, 2 receive antennas 

	Codebook size
	8 or 16 vectors

	Rank adaptation
	Only rank 1 transmission


Appendix II

Results for 4 TX antennas/10 MHz.
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Figure 4 Cumulative frequency of the number of the unique PMI reported from all resource block groups. 4x2 MIMO with codebook size 16 vectors. 10 MHz channel bandwidth.
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Figure 5 Cumulative frequency of the number of unique PMI reported from resource block groups within 3 dB of SINR*, the SINR of the best RBG. 4x2 MIMO with codebook size 16 vectors. 10 MHz channel bandwidth.
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Figure 6 The CDF for the loss in post-receiver SINR when using a single PMI compared to using one PMI per RBG. 4x2 MIMO with codebook size 16 vectors. 10 MHz channel bandwidth.









































































































































































































































































































































































































































































































� Note that in multi-layer transmission, � EMBED Equation.3  ��� implicitly assumes some mapping from layer SINR to a scalar SINR value.
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