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1
Introduction

During RAN1#66, the target scenarios for enhanced DL MIMO were identified [1]. The follow up email discussion set a clear objective for the feedback enhancements in DL MIMO SI, which is the optimization of single point transmission, thus achieving a clear demarcation from CoMP WI.
In this contribution we study the potential of CSI feedback enhancements in the agreed scenarios.
2 
Scenarios

In [1], the boundary between CoMP and DL MIMO has been discussed. Three main scenarios have been identified for enhanced DL MIMO feedback.
· A – Homogeneous macro network
· B – Heterogeneous network of macro sectors with 4 RRH, coordination allowed
· C – Heterogeneous network of macro sectors with 4 LPNs, no coordination
· C1 – Macro and LPN on the same frequency band
· C2 – Macro and LPN on higher/adjacent frequency band

In terms of antenna configuration, four cross polarized antennas are first considered. Further prioritization of the scenarios focused the attention more on scenarios A and C, while scenario B remains to be treated with lower priority. In this paper we will omit discussion on scenario B, as this scenario is now considered to be part of CoMP WI. Further, we would like to remind that scenario A has been already studied in detail in the Release 10 WI and no meaningful gains were identified. In addition, it has been clarified that due to practical importance of scenarios A and C, even moderate gains may be considered, where moderate gain can be understood as at least 15% gain. 
Scenario C is an interesting addition for feedback enhancements. Two flavours of this scenario are proposed: C1 considers the low power node deployed within the macro coverage area, hence implying a high interference scenario as coordination with the macro is not possible. On the opposite side is scenario C2 having the LPNs on a higher (or adjacent) frequency, hence an almost zero-interference scenario provided that only other high frequency LPNs might be present creating interference. We do see the benefits of both scenarios: while in scenario C2 it is interesting to search new bounds for enhanced feedback, scenario C1 provides an even greater incentive in terms of finding solutions in difficult interference limited cases, which are perhaps first ones to be encountered in practical deployments. 
2.1
Geometry comparison between scenarios A, C1 and C2

Herein we will discuss geometries for three different scenarios A, C1 and C2 as depicted in Figure 1. We observe that C1 scenario has an improved low power node geometry compared to Scenario A. On the other side macro users’ geometry in scenario C1 suffers from low power node interference being worse compared to Scenario A. Scenario C2 geometry is significantly improved for both macro as well as low power node users compared to scenario A/C1. The gain however comes with the cost of double frequency band. C2 macro improvement comes from scheduling cell-edge users to low power nodes frequency band. 
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Figure 1: The geometry distributions for scenarios A, C1 and C2.

3
CSI feedback enhancements
New MIMO scenarios require new design considerations. There are several aspects that should be considered when designing potentially unified feedback for scenarios C, for example:
· Promise of higher uplink capacity in scenario C, due to presence of LPNs

· Higher angular spread of LPN radio channel compared to macro

· Scalability of feedback between scenarios A and C
· Scalability of feedback to multi-point transmission 
In the previous meeting RAN1#66, several companies proposed double codebook and/or MU-CQI as possible enhancements for Release 11, from which references [3] and [4] were also showing results. In [3] it has been shown that double codebook from [2] outperforms the Release 10 4 Tx codebook by 1.5% (cell average) in SU-MIMO and 5.3% (cell average) in case of dynamic switch between SU-MIMO and MU-MIMO. Additional introduction of time-multiplexed MU-MIMO and SU-MIMO feedback resulted in a slightly smaller gain of 5.0% (cell average). The cell-edge users performance was improved by 6% with MU-CQI, which causes these cell-edge users to be scheduled in SU-MIMO. These observations are well aligned with the Release 10 observations of single-digit gains.

Furthermore in [4], the double codebook with power-imbalance was shown. However, the proposed codebook does not keep the constant modulus property nor the unitary property for ranks greater than two. Gains of 16% were identified for MU-MIMO and 6-bit sub-band feedback, however we believe that any enhanced CSI should continue to obey the properties of constant modulus and unitarity as these have been important design principles since Release 8.

Observations:

· The single-digit gains observed from CSI feedback enhancements during Release 10 studies still hold.

· The 4Tx double codebook improves the performance of UEs by ~5%.

· Time multiplexed SU/MU feedback improves the performance of cell-edge UEs by ~5%.
· MU-CQI improves the performance by ~6%.
· In light of presented results, moderate gain cannot be reached with double codebook, time-multiplexed SU/MU feedback or MU-CQI.
3.1
Feedback performance
In the following we present system performance results for the three scenarios. In order to evaluate the potential of feedback enhancements, we have been using the Release 10 codebook, while at the other extreme we have been using SVD–based feedback to see the potential on how much gain can be achieved with enhanced implicit feedback mechanisms. System performance is shown in terms of cell average and cell edge spectral efficiency. The utilized transmission scheme is MU-MIMO with maximum of two UEs. More details on the used parameters are shown in Appendix A.

Table 1. Scenario A, 4x2 closely-spaced, cross-polarized antennas.

	MU-MIMO
	Release 10
	SVD

	Cell average (bps/Hz)
	2.59
(+0%)
	2.98 
(+15%)

	5% percentile (bps/Hz/UE)
	0.064
(+0%)
	0.075 (+17.1%)


Table 2: Scenario C1, 4x2 closely spaced, cross polarized antennas, 30% macro association ratio.
	MU-MIMO
	Release 10
	SVD

	Cell average (bps/Hz)
	3.14
(+0%)
	3.44 
(+9.6%)

	5% percentile (bps/Hz/UE)
	0.160
(+0%)
	0.182
(+13.8%)


Table 3. Scenario C2, 4x2 closely spaced, cross-polarized antennas, 30% macro association ratio.

	MU-MIMO
	Release 10
	SVD

	Cell average (bps/Hz)
	4.25
(+0%)
	4.53
(+6.5%)

	5% percentile (bps/Hz/UE)
	0.232
(+0%)
	0.265
(+14.2%)


As seen from the results, even the upper bound of SVD-based feedback provides rather low gains: the highest gains we observe in scenario A in which 15% and 17% gains are observed in cell average and cell edge spectral efficiency, respectively. In scenarios C1 and C2, in fact lower gains than in scenario A were observed. Obviously, SVD-based feedback could be approximated only with very high granularity codebooks that are not feasible from either UE computational complexity or uplink overhead perspective. Hence based on these initial results we conclude that codebook enhancements may not provide moderate gains in the agreed scenarios. These observations are also very well aligned with the observations made during Release 10 studies.

Observation: Moderate gains cannot be reached with codebook enhancements in the agreed scenarios.
4
Conclusions

In this contribution we have discussed the potential of feedback enhancements in the agreed scenarios. 
Based on the results presented in the references as well as the results presented in this contribution, following observations can be summarized:
· The single-digit gains observed from CSI feedback enhancements during Release 10 studies still hold.

· The 4Tx double codebook improves the performance of UEs by ~5%.

· Time multiplexed SU/MU feedback improves the performance of cell-edge UEs by ~5%.
· MU-CQI improves the performance by ~6%.
· In light of presented results, moderate gain cannot be reached with double codebook, time-multiplexed SU/MU feedback or MU-CQI.
· Moderate gains cannot be reached with codebook enhancements in the agreed scenarios.
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Appendix A – Simulation assumptions
	Parameter
	Value

	Cellular layout
	Hexagonal grid, 19 sites, 3 sectors per site, center site simulated, 500 m ISD

	Simulation case
	ITU UMa for macro, UMi for low power node

8o azimuth spread

	Carrier frequency
	A/C1: 2.00 GHz

C2: 2.00 GHz for macro, 2.01 GHz for LPN

	Deployment scenario
	A: Homogenous macro
C: Outdoor low power nodes in macro area

4 LPN per macro area

	Antenna configuration
	4 Tx 0.5 lambda x-pol (-45o, 45o)

2 Rx 0.5 lambda x-pol (0o, 90o)

	Number of UEs per cell
	A: 10 UE

C: Configuration 4b (10 UE macro + 4 UE / LPN)

	Transmission scheme
	MU-MIMO with maximum 2 UE

	Receiver
	IRC with realistic modelling of interference covariance estimation (Wishart-based) [5]

	Feedback
	Mode 3-2: {Rel’8 codebook, SVD}

6 PRB size PMI/CQI

6 ms delay PMI/CQI

	Scheduler
	TD-FD: PF-PF

	Indoor / outdoor modelling
	A: 20 % UEs dropped outdoor

C: All UEs dropped outdoor

	Traffic model
	Full buffer

	Channel estimation
	Realistic CSI-RS based estimation for CSI feedback

	HARQ
	Max 4 retransmission

Chase combining


