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1. Introduction

In RAN1#72b meeting, issues on downlink MIMO enhancement were discussed and the following agreements were made:
Agreements:

· A new aperiodic PUSCH feedback mode is supported in Rel.12 with following feedback:

· A wideband CQI: 4 bits

· Per sub-band differential CQI with respect to wideband CQI as PUSCH 3-1 : 2 bits

· A wideband PMI based on W1 codebook
· 2 Tx: 0 bit
· 4 Tx: 

· 0/0 bits for rank 1-2 respectively if Rel 8 codebook is configured to the UE

· FFS for rank 3-4 

· FFS if Rel-12 dual codebook is configured to the UE
· 8 Tx: 4/4/2/2/2/2/2/0 bits for rank 1-8 respectively
· Per sub-band PMI(s) based on W2 codebook

· 2Tx: 2/1 bits for rank 1 – 2 based on Rel 8 2Tx codebook
· 4Tx: 

· 4/4  bits for rank 1-2 respectively if Rel 8 codebook is configured to the UE

· FFS for rank 3-4 

· FFS for rank 1-4 if Rel-12 dual codebook is configured to the UE
· 8Tx:  0/0/0/0 bits for rank 5 – 8 respectively

· FFS until RAN1#73 for rank 1-4 with codebook sub-sampling
· Sub-band Size

· Working assumption that the CQI and PMI sub-band sizes are the same

· Revisit if a problem emerges when finalising the feedback report sizes

· Study further until RAN1#73 whether there is a benefit from allowing different CQI and PMI sub-band sizes

· Working assumption that the existing CQI and PMI sub-band sizes are used

· Study further until RAN1#73 whether there is a benefit from RRC-configurable sub-band sizes

· Additional information in the CSI reports is FFS

· For example CSI feedback enhancements targeted at improving MU performance

· Confirm working assumption of using Rel 10 W=W1W2 codebook structure for 4 antenna feedback for DMRS based TMs

· The new aperiodic PUSCH feedback mode 3-2 can be only configured for DMRS-based transmission mode 8,9, and 10 when PMI/RI reporting is configured;

· Working assumption that the aperiodic PUSCH feedback mode 3-2 can be configured for TM4,6 when the Rel-8 codebook is used

· Revisit at RAN1#73 if a problem is found with TM4,6, or if no gain is found. 

· A new Rel-12 codebook is not applicable to TM4,6

· Assuming a new 4Tx codebook is introduced, it should be supported for all aperiodic reporting modes that are valid for TMs 8,9,10 when PMI/RI reporting is configured and periodic feedback modes 2-1 and 1-1 

· Assuming a new 4Tx codebook is introduced, RRC configuration per CSI process determines whether the UE uses the Rel-8 4Tx codebook or the Rel-12 dual codebook.  

As captured in the above agreements, we need to study further what impact RRC configurable sub-band sizes have on the system performance and the feedback overhead. Also, we share our view on a few FFS points such as 8 Tx codebook sub-sampling and only wideband PMI feedback for rank 3/4 when Rel-8 codebook is configured.

2. Discussion
CSI feedback granularity has been considered a key to MIMO performance, and in that context a few MIMO enhancement techniques highlighting spatial domain granularity or frequency domain granularity were noted in the work item description. Here, we focus on one of them, which is frequency-domain granularity of CSI feedback. Up to Rel-11, the sub-band size of CSI feedback is determined only according to system bandwidth but, in Rel-12, we see the need of more flexible sub-band size configuration. In other words, eNB should be able to configure different sub-band sizes for PMI and CQI to counterbalance increased feedback overhead with minor performance loss.
· Benefits from allowing different CQI and PMI sub-band sizes
Table 1 show our evaluation result for different sub-band sizes for PMI and CQI in PUSCH feedback mode 3-2. Here, we use our proposed codebook in which each of W1 and W2 is 4 bits [1]. The details on simulation assumptions and parameters are described in Appendix. 
	
	CQI
	PMI
	Mode 3-2 overhead
	Closely spaced XPOL (0.5λ)
	Widely spaced XPOL (4λ)

	
	(RBs)
	(RBs)
	
	Cell Avg. tput
	Cell edge tput
	Cell Avg. tput
	Cell edge tput

	Config. 1 (baseline)
	6
	6
	64 bits (0%)
	2593 kbps    (0%)
	612 kbps     (0%)
	2294 kbps (0%)
	530 kbps     (0%)

	Config. 2
	3
	6
	80 (25.0)
	2703 (4.2)
	641 (4.7)
	2392 (4.2)
	553 (4.3)

	Config. 3 
	4
	8
	64 (0)
	2646 (2.0)
	633 (3.4)
	2337 (1.8)
	540 (1.8)

	Config. 4 
	6
	12
	48 (-25.0)
	2559 (-1.3)
	606 (-0.9)
	2250 (-1.9)
	514 (-3.0)

	Config. 5 
	12
	12
	40 (-37.5)
	2408 (-7.1)
	555 (-9.3)
	2125 (-7.3)
	478 (-9.8)


Table 1. Evaluation results for the combinations of different subband sizes
In this evaluation, firstly, we observed that compared to baseline, configuration 2 using finer sub-band size have less than 5 % performance gain and their feedback overhead increases 25 %. 
On the other hand, it is observed that larger sub-band size of PMI than baseline does not lead to meaningful performance loss. To be specific, compared to baseline, configuration 4 shows only about 1 % spectral efficiency loss even though it requires 25% less feedback overhead in closely spaced X-pol case. It points out that sub-band size of PMI is not sensitive to system performance up to certain level. Even though it causes 2 to 3 % performance loss in widely spaced antenna case, we don’t view of it as a critical loss. That is because configuration 1 has already outperformed mode 3-1 and the network is able to save 25 % feedback overhead by using configuration 4.

Observation 1: Compared to baseline, configuration 2 using finer sub-band size has less than 5 % performance gain and its feedback overhead increases by 25 %.
Observation 2: Configuration 4 reduces feedback overhead by 25 % at the cost of 1 to 3 % performance loss.

In addition, it seems worthwhile to look at PMI feedback overhead in mode 3-2. In comparison to mode 3-1, mode 3-2 requires much more feedback overhead due to sub-band PMI reporting. For example, in configuration 1 under the same simulation assumption captured in Appendix, it needs 32 bits (100 %) more feedback overhead than mode 3-1 does and this increase in feedback overhead is fully attributed to W2. Given that current working assumption is that W2 is 3 or 4 bits for rank 1 and 2, we need to consider larger sub-band size of PMI than Rel-11 to address the feedback overhead increase. Of course, sub-band size should be larger as long as it does not have a critical impact on system performance. Based on our evaluation results, we view of configuration 4 as a promising candidate.

Proposal 1: In a new aperiodic PUSCH feedback mode, sub-band size of CQI and that of PMI should be able to be different.

· Benefits from RRC-configurable sub-band sizes
The current sub-band size is fixed according to system bandwidth. As a result, the network does not have any room for adapting sub-band size based on the cell environment and based on UL traffic. For example, in a cell area where there are not many scatters, the network is still able to achieve proper system performance, just using coarser sub-band CSI feedback than Rel-11. In addition, if the network can configure multiple sub-band sizes for CSI feedback, it is able to cut the feedback overhead and allocate more resources for data transmission. However, current spec does not reflect these points.
Therefore, we propose to configure the sub-band size of CSI feedback with RRC signaling. As a result, the network will be able to optimize the sub-band size based on frequency selectivity level and UL traffic. Even though the more number of sub-band sizes can be configurable, the more flexibility the network obtains to optimize the sub-band size, we view it is reasonable to add one more PMI sub-band sizes to the current size given RAN4 test burden and the above observations. We view as the following sub-band size of CSI feedback as a promising candidate.
	System Bandwidth
	Sub-band Size of CQI
	Sub-band Size of PMI
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	(k)
	(k)

	6 - 7
	NA
	NA

	8 - 10
	4
	4 or 8

	11 - 26
	4
	4 or 8

	27 - 63
	6
	6 or 12

	64 - 110
	8
	8 or 16


Table 2. RRC configurable sub-band size for CQI/PMI feedback
Proposal 2: In a new aperiodic PUSCH feedback mode, sub-band size of CSI feedback should be RRC configurable.

· Remaining FFS points
Also, we share our view on two FFS points: 8 Tx W2 sub-sampling  for rank 1-4 and only wideband PMI feedback for rank 3/4 in case of Rel 8 codebook. 
As for 8 Tx codebook sub-sampling , we have a conservative view since a similar effect can be achieved by increasing sub-band size of PMI as we proposed in this contribution. In our view, the purpose of codebook sub-sampling is to optimize the granularity of CSI feedback against system performance and a simpler way of fulfilling this is to look at frequency domain granularity instead of spatial domain granularity. Also, it seems natural to use 8 Tx codebook without sub-sampling in mode 3-2, given that we have a working assumption that 4 Tx W2 is 3 or 4 bits which is similar to 8 Tx codebook size. Therefore, it makes more sense to discuss other enhancement issues within this WI scope at this stage only one meeting is left. 
Secondly, we are concerned about benefits of introducing only wideband PMI feedback for rank 3/4 when Rel 8 codebook is used. Even if this can reduce feedback overhead without large performance loss, for our understanding the amount of saved REs is hardly expected to be significant. That is because PMI is probably fed back with high spectral efficiency since a UE reporting rank 3/4 is likely to be in high SNR regime. Also, given that only few UEs are in high SNR regime enough to report rank 3/4, this feedback overhead reduction will occur very occasionally.
3. Conclusion
Among a few DL MIMO enhancement techniques noted in the work item description, we share our view on frequency-domain granularity of CSI in this contribution and on remaining FFS points in mode 3-2. We see it is beneficial to configure the frequency-domain granularity of CSI feedback with RRC signaling in that it provides the network more flexibility to manage feedback overhead and to optimize sub-band size based on channel frequency selectivity. 
Based on the above evaluation results, we propose: 
Proposal 1: In a new aperiodic PUSCH feedback mode, sub-band size of CQI and that of PMI should be able to be different.

Proposal 2: In a new aperiodic PUSCH feedback mode, sub-band size of CSI feedback should be RRC configurable.
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Appendix: Simulation Parameters and Assumptions
	Parameter
	Value

	Cellular layout
	3-sectorized Hexagonal grid with 19 cells wrap-around 

	Channel model
	ITU UMa

	System frequency
	2 GHz carrier, 10 MHz bandwidth

	Indoor/outdoor UE ratio
	80% indoor UE / 20% outdoor UE

	Traffic model
	Full buffer

	Scheduling algorithm
	Proportional Fair

	Transmission mode
	Transmission mode 10 with SU/MU-MIMO switching

	Channel quality report
	5ms CSI reports periodicity,
5ms delay total (measurement in subframe n is used in subframe n+5)
MCSs based on LTE transport formats [36.213]
A new 4-tx codebook proposed by LGE [1]

	Antenna configuration
	4x2 antenna 

(# of Tx Ant. at eNB) x (# of Rx Ant. at UE)

eNB: Cross-polarized antennas
UE: Cross-polarized antennas

	Control channel and
 reference signal overhead 
	4 OFDM symbols per RB
- PDCCH overhead: 20RE/RB

- DM-RS overhead: 12RE/RB
- CRS overhead: 16RE/RB

	Downlink transmitter/receiver type
	Non-ideal MMSE-IRC with degree of freedom 12 [9]

(DM-RS based algorithm)

	Hybrid ARQ
	Incremental Redundancy (IR), Maximum four transmissions,

Initial transmission target FER: 10%

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Channel Estimation
	Non Ideal

	Feedback and control channel errors
	Ideal

	Maximum Rank per UE 
	2 

	Maximum # of SDMA UE per cell 
	2 

	Outer loop for target FER control 
	10% FER for 1st HARQ transmission 

	link adaptation 
	MCSs based on LTE transport formats according to TR 36.213 
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