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1
Introduction
In this contribution we present evaluation results for feedback enhancements in Scn-C1 and Scn-C2.  Specifically, we focus on upper-bounding potential performance benefits in the newly defined scenarios.  In our view this helps to identify areas where feedback enhancements are most likely to give gains, which is useful for prioritization of further studies. 
A companion paper presents results for Scn-A [1].  
2
Performance Evaluation
In this paper we focus on upper bounding potential performance gains in the newly defined MIMO evaluation scenario C by comparing Rel-10 implicit feedback with an unquantized feedback of dominant eigen-directions.  Clearly, the latter scheme is not realistic in practice but it nevertheless helps to shed some light on the potential of enhancements in various configurations. 
Evaluations were aligned with the agreed methodology [2] (detailed assumptions are listed in the appendix) and results are shown in Tables 1 and 2 for Scn-C1 and in Tables 3 and 4 for Scn-C2.  Both X-pol and ULA antenna setups are considered.  We observed that while virtually no MU-MIMO gain can be realized in the X-pol antenna setups, ULA antenna configurations do show potential for performance enhancement.  Despite the lack of MU-MIMO gains for X-pol, some performance benefits were identified due to improved SU-MIMO performance. 

The observed performance trends for X-pol antenna setups are in line with the Scn-A results [1].  The significant performance difference between X-pol and ULA results can be attributed to a reduced beamforming gain (disadvantageous for MU-MIMO) as well the increased rank-2 probability in X-pol setups (advantageous for improved SU-MIMO performance). 

From the performance results in Tables 1 and 3, we draw the conclusion that for X-pol setups at most 15% performance gain can be achieved with idealized feedback.  Under realistic assumptions this gain will further diminish.  Further, this performance gain is obtained almost entirely with SU-MIMO based operation without relying on MU-MIMO.  Therefore, if feedback enhancements are to be targeted for X-pol antenna setups, then SU-MIMO performance should be targeted as it provides most of the theoretically achievable gain while naturally allowing for much simpler operation.  
From the performance results in Tables 2 and 4, we conclude that for ULA antenna setups, noticeable MU-MIMO performance gains may be achieved under idealistic feedback.  Further study seems necessary though to identify how much of this gain can be achieved with enhanced but realistic feedback assumptions.  Besides further study, it also seems important to clarify whether ULA antenna setups are a worthwhile target for optimization.  Based on previous contributions by operators, ULA setups should be deprioritized, even for low-power nodes that are the focus of this study.  
With regard to the Rel-10 baselines assumed in the tables, we note that for both setups, the baselines were optimized such that they give the best SU/MU-MIMO performance.  For the X-pol setup, we were not able to achieve SU/MU-MIMO gain through dynamic switching and therefore provided the SU-MIMO result.  For ULA setups, MU-MIMO gain was achievable as illustrated in Tables 2 and 4.  

Table 1: Summary of performance results for Scn-C1 with X-pol configuration (4Tx, X-pol, 0.5λ).
	Scheme
	5% pico UE 
throughput [Mbps]
	Median pico UE throughput [Mbps]
	Average pico UE throughput [Mbps]

	Rel-10 SU-MIMO
	1.547
	4.517
	5.420

	SU-MIMO 
(idealized feedback)
	1.670
	+7.9%
	5.206
	+15.3%
	6.105
	+12.6%

	SU/MU-MIMO 
(idealized feedback)
	1.711
	+10.6%
	5.212
	+15.4%
	6.080
	+12.2%


Table 2: Summary of performance results for Scn-C1 with ULA configuration (4Tx, ULA, 0.5λ).  

	Scheme
	5% pico UE 
throughput [Mbps]
	Median pico UE throughput [Mbps]
	Average pico UE throughput [Mbps]

	Rel-10 SU-MIMO
	1.890
	3.936
	4.393

	Rel-10 SU/MU-MIMO
	1.666
	4.298
	4.634

	SU-MIMO 
(idealized feedback)
	1.758
	+5.5%
	4.211
	-2.0%
	4.847
	+4.6%

	SU/MU-MIMO
 (idealized feedback)
	2.360
	+41.6%
	6.399
	+48.9%
	7.054
	+52.2%


Table 3: Summary of performance results for Scn-C2 with X-pol configuration (4Tx, X-pol, 0.5λ).

	Scheme
	5% pico UE 
throughput [Mbps]
	Median pico UE throughput [Mbps]
	Average pico UE throughput [Mbps]

	Rel-10 SU-MIMO
	2.136
	6.445
	7.352

	SU-MIMO 
(idealized feedback)
	2.294
	+7.4%
	7.298
	+13.2%
	8.075
	+9.8%

	SU/MU-MIMO 
(idealized feedback)
	2.398
	+12.3%
	7.316
	+13.5%
	8.127
	+10.5%


Table 4: Summary of performance results for Scn-C2 with ULA configuration (4Tx, ULA, 0.5λ).  

	Scheme
	5% pico UE 
throughput [Mbps]
	Median pico UE throughput [Mbps]
	Average pico UE throughput [Mbps]

	Rel-10 SU-MIMO
	2.372
	4.790
	5.575

	Rel-10 SU/MU-MIMO
	2.431
	5.068
	5.534

	SU-MIMO 
(idealized feedback)
	2.164
	-11.0%
	5.258
	+3.8%
	6.122
	+10.6%

	SU/MU-MIMO
 (idealized feedback)
	3.116
	+28.1%
	8.132
	+60.5%
	8.840
	+59.7%


Overall, the results suggest in our view that further study is necessary before deciding to target the development of any specific enhancements.  In particular, it should be clarified whether it is worth targeting further enhancements for ULA antenna configurations and what percentage of the idealized gains could be achieved under more practical assumptions. 

3
Conclusions

In this contribution we have presented evaluation results to upper-bound potential performance gain in Scn-C1 and Scn-C2 of the MIMO study item.  The following observations can be made based on the evaluation results: 
· For the prioritized X-pol antenna scenario, about 15% performance gain could be achieved assuming idealistic unquantized feedback.  Under more practical assumptions, it seems therefore questionable whether it will be possible to achieve significant gains.  For ULA setups, the potential performance gains are higher but it needs to be clarified whether this antenna configuration is sufficiently relevant in practice to warrant enhancement.  
· In X-pol antenna setups, a large fraction of the performance gain results from improved SU-MIMO performance and not from enhanced MU-MIMO. This should be taken into account in further studies and especially if codebook or feedback refinements are targeted. 

· It is important to ensure that the Rel-10 baseline performance is properly optimized for SU/MU-MIMO operation.  In our results, no MU-MIMO performance gain could be achieved in the X-pol setups with Rel-10 feedback reporting.  In fact, care needs to be taken that enabling MU-MIMO does not degrade overall system performance.  
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A
Simulation Assumptions

Table A.1: Simulation assumptions.

	Parameter
	Value

	Channel model
	- ITU CoMP Scn-3/Scn-4 channel model as specified in TR36.819 and [2]

- 100% of UEs located outdoors

	Cellular Layout
	Homogeneous, 21 cells, 4picos/cell

	Dropping configuration
	Config. 4b

	Bandwidth
	10MHz

	Traffic
	Full buffer

	Association
	Largest received power; no bias

	Number of Tx/Rx antennas
	4Tx, 2Rx

	Transmission scheme
	- For SU-MIMO: SU-MIMO with rank-adaptation

- For SU/MU-MIMO: SU/MU-MIMO with dynamic switching; rank-adaption considered for SU-MIMO

	Scheduler
	Proportional fair

	MU-MIMO pairing
	- Exhaustive search based on summed PF-metric

- Pairing 2UEs with rank-1 each

	Feedback
	- For Rel-10: Implicit RI/PMI/CQI using Rel-10 codebooks; PUSCH 3-2 reporting

- For upper-bound: unquantized feedback of eigen-directions and eigen-values.

	Subband granularity
	6RBs

	Receiver type
	MMSE-IRC

	Overhead assumption
	- 2CRS ports, DM-RS, and 2 control symbols

- No MBSFN subframes
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