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1
Introduction

During RAN1#66bis, two way forwards concerning single point CSI feedback enhancements were proposed. In [1], it has been suggested to study the combinations of feedback enhancements for MU-MIMO rather than a single feedback enhancement as considered during Release 10 WI. In [2], four lambda antenna spacing for scenario C has been proposed in addition to half lambda spacing. Further, [3]

 REF _Ref308277208 \r \h 
[4] have shown moderate average gains for single enhancements. In [3] the Release 10 baseline performance downgraded by 57% compared to [5] from RAN1#66 with only minor simulation parameter changes and in [4] the PF scheduler parameters has been manipulated in order to meet the moderate average gains.
In this contribution we study several enhancement options in the agreed scenarios. We show the system level performance for mode 3-2 in connection with double codebooks as well as PMI refinement techniques. 
2
System level performance with MIMO enhancements
The typical MIMO enhancements discussed during previous releases as well as in the current study item cover the following feature categories: 
1. Enhanced feedback granularity of PMI/CQI (for example mode 3-2).
2. Precoding related enhancements, including codebooks and PMI/CB selection, 
3. CQI improvements, more specifically MU-CQI. 
All these have been quite intensely investigated during Release 10 WI, most notable conclusions being that: 
1. Improving CQI, especially introducing MU-CQI, does not bring any gains, mainly because of the interference variability and difficulty in CQI construction especially in MU-MIMO, 
2. In general, gains from new codebooks with increased granularity have been marginal.
Hence, if cumulating two features the approach to follow is to look at feedback granularity together with PMI enhancements. In the following we evaluate the mode 3-2 and its combinations with double codebook as well as PMI refinement using second best codeword in a system level MU-MIMO simulator. The selected double codebook is of 4bits, the codebooks of larger size not being considered as with increased codebook size the complexity of PMI selection grows exponentially. In the light of considering increased feedback granularity, one should pay special attention to UL overhead and increased codebook sizes, as the simple increase from 4 to 6 bits brings 50% overhead increase. Moreover, the UE feedback computational complexity that is already very high in Release 10 would significantly increase further. The PMI refinement however does not increase the complexity of PMI selection, while several options in terms of feedback are possible, from no overhead increase, to larger feedback overhead when both PMIs can be fed back in the same time. The system simulation assumptions are listed in Appendix A.
Observations (from Release 10 WI): 
· The MU-MIMO CQI does not bring any gains due to variability of interference. The increased feedback granularity as well as PMI enhancements alone bring only minor gains.
Proposals: 
· The increased complexity of PMI selection at the user equipment should be taken into account when evaluating new codebooks and/or PMI enhancements.
·  The cumulative gains from feedback PMI enhancements combined with increased granularity shall be studied.

PMI Refinement using second best codeword

The PMI refinement using second best PMI feedback has been introduced in [6]. In this feedback technique, the second best PMI is fed back together with best PMI at the same time or multiplexed in time. In this contribution we feedback the refinement  at the same time. The transmission point then interpolates those two codewords using e.g a geodesic and uses interpolated PMI on the downlink.  The technique is similar to multiple description coding (MDC) from [7], where the transmission point interpolates between best codewords from at least two codebooks of specific structure.  Refinement using second best PMI compared to MDC does not require any special codebooks to be designed and can be applied directly on Rel. 10 4Tx codebook, thus requiring only minimal standardization effort. 
Double codebook 
The simulated 4bit double structure codebook is the downscaled 8Tx Release 10 codebook. The exact structure of W1  and W2 of final codeword  W=W1W2  is explained below.
W1 design for 4-Tx

The long-term wideband part W1, has a block diagonal structure taking the form of
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where X is now in 4-Tx case a 2xNb matrix consisting of Nb 2-Tx DFT vectors. In this contribution we have chosen Nb=4 with four adjacent overlapping beams from group of N=16 beams. In this case one group of beams (one X) covers quarter of the sector and codewords overlap over 3 beams. 

W2 design for 4-Tx
The short-term sub-band part W2 consist of beams selecting vertical vectors 
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 of length Nb=4, and QPSK-based co-phasing terms 
[image: image3.wmf]a

. The per-rank codeword structure can be expressed as: 
rank 1:  
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rank 2:  
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*note, the W2 with
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This W1 and W2 structure preserves several desired properties of the codebooks: There is one codebook covering all scenarios, hence avoiding the need to specify multiple codebooks for different scenarios and the related signalling on which codebook the UE should use. The codewords have constant modulus using PSK-based alphabet to allow more efficient power utilization at the eNB and to avoid additional CQI mismatches due to the required normalizations done at the eNB side. The codebook preserves the nested property in order to aid the UE in rank computations. Signalling overhead is kept at Release 8 level (i.e. 4(3) bits per subband) and is hence well-known and proven to be low enough. 

System level results

The Table 1 shows the 4x2 MU-MIMO system level performance for scenario A. The pairing of two users of single layer is allowed with fall back to SU-MIMO with single layer. We compare the performance of mode 3-2 + enhancements to a MU-MIMO baseline being a Release 10 PMI and mode 3-1.  Observing the results, we may conclude the following: 
· Refinement using second best codeword performs similarly to 4bit DCB. 
· The average gain is higher for 4bit DCB. 
· The coverage gain is better for the refinement. 
One can expect negligible impact on system performance if second best codeword is used in TDM manner, provided that the alternating interval is kept low. 
Table 1 System level simulations MU-MIMO Scenario A

	Scenario A
	0.5 λ antenna spacing
	4 λ antenna spacing

	MU-MIMO

rank1 per UE
	R10

3-1

MU
	R10

3-2
	R10

3-2

Refine
	DCB

(4bit)

3-2
	R10

3-1

MU
	R10

3-2
	R10

3-2  Refine
	DCB

(4bit)

3-2

	Average

[bps/Hz/cell]
	2.534
	2.563
	2.670
	2.730
	2.377
	2.423
	2.538
	2.583

	[%] to baseline
	0.00
	+1.14
	+5.37
	+7.73
	0.00
	+1.94
	+6.77
	+8.67

	Coverage

[bps/Hz/UE]
	0.0674
	0.0696
	0.0758
	0.0742
	0.0661
	0.0698
	0.0782
	0.0745

	[%] to baseline
	0.00
	+3.23
	+12.37
	+10.02
	0.00
	+5.71
	+18.33
	+12.71


The Table 2 shows the performance of LPN in scenario C2. From presented results we note that PMI refinement improves the average throughput more than the 4bit double codebook. Optimizing the codebook for large antenna separation and MU operation is perhaps against-the-odds as it is known that MU gains are found in antenna correlated setups. Same as in Scenario A macro only scenario, the moderate gains in coverage are available and only minor gains are seen in average throughput.
Table 2 System level simulations MU-MIMO Scenario C2

	Scenario C2
	0.5 λ antenna spacing
	4 λ antenna spacing

	MU-MIMO

rank1 per UE
	R10

3-1

MU
	R10

3-2
	R10

3-2 

Refine
	DCB

(4b)

3-2 
	R10

3-1
	R10

3-2
	R10

3-2 

 Refine
	DCB

(4b)

3-2 

	Ave. LPN

[bps/Hz/cell]
	4.057
	4.125
	4.223
	4.217
	3.904
	4.014
	4.113
	4.065

	[%] to baseline
	0.00
	+1.68
	+4.09
	+3.94
	0.00
	+2.82
	+5.35
	+4.12

	Cov. LPN

[bps/Hz/UE]
	0.2248
	0.2333
	0.2539
	0.2515
	0.1954
	0.2060
	0.2235
	0.2259

	[%] to baseline
	0.00
	+3.78
	+12.94
	+11.88
	0.00
	+5.42
	+14.38
	+15.61


Observation: The PMI refinement performs similarly as the double codebook.
Observation: The combined enhancements bring only minor gains to average throughput and moderate gains to coverage throughput.
The trade-off between coverage and average gains

The selection metric of the proportionally fair scheduler is a function of instantaneous throughput
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We have simulated mode 3-2 SU-MIMO scenario A for various combinations of parameters 
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. By manipulating the parameters we were able to exchange average gains for coverage and vice versa. Table 3 shows the conversion of coverage gains into average gains.  From these results we may conclude that closer the 
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, less average gain can be converted from coverage gain. 
Table 3 Average and coverage conversion table

	α
	0.25
	0.5
	0.75
	1
	1
	1
	1

	β
	1
	1
	1
	1
	0.75
	0.5
	0.25

	Average [%]
	-28.0
	-18.3
	-8.9
	0.0
	11.0
	29.0
	55.2

	Coverage [%]
	61.8
	45.2
	25.3
	0.0
	-30.2
	-68.3
	-97.4

	Average to Coverage
Tradeoff rate [%]
	45.3
	40.6
	35.3
	-
	36.5
	42.4
	56.7


In [4] the cell-edge gains of mode 3-2 available due to ideal channel estimation were converted to moderate average gains. In our simulations with realistic channel estimation on CSI-RS, the cell-edge gains for mode 3-2 (from Table 1 and Table 2) are only as small as 3%, because the PMI estimation at low geometries averaged over single sub-band is unreliable due to the noisy CSI estimate.  Therefore, no substantial average gain can be reach on behalf of coverage gain.
From coverage-average trade-off rate and system level results we may conclude that none of the enhancements combination is able to deliver moderate average gain even on behalf of coverage gain.
Observation: The coverage throughput gains/losses are not mapped one-to-one to average throughput gains/losses.
Observation: None of the simulated enhancements schemes was able to deliver moderate average throughput gains.
3
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 and proposals can be summarized:

· The MU-MIMO CQI does not bring any gains due to variability of interference. The increased feedback granularity as well as PMI enhancements alone bring only minor gains.
· The increased feedback granularity as well as PMI enhancements alone bring only minor gains.
· The increased complexity of PMI selection at the user equipment should be taken into account when evaluating new codebooks and/or  PMI enhancements.
·  The cumulative gains from feedback PMI enhancements combined with increased granularity shall be studied.
· The PMI  refinement performs similarly as the double codebook.

· The combined enhancements bring only minor gains to average throughput and moderate gains to coverage throughput.
· The coverage throughput gains/losses are not mapped one-to-one to average throughput gains/losses.

· None of the simulated enhancements schemes was able to deliver moderate average throughput gains.
A combination of multiple techniques increases the overall average and coverage gains, however, not to a tremendous level. There is no particular combination that shines in terms of increased gains, tolerable complexity and moderate feedback. In fact by combining multiple techniques it seems we depart from the reliable objectives of simple and efficient feedback and rather end up with complicated proposals having questionable benefits. One should remember that techniques like CoMP, with for example their simple flavours of coordination/DPS may bring reliable gains.
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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

	Carrier frequency
	A: 2.00 GHz
C: 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)
{½,4} ( spacing

	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
	LMMSE Option 2

	Feedback
	Mode {3-1,3-2}, {Rel’8 codebook, Rel’8 codebook with 2nd best PMI, 4-bit double codebook, 6-bit double codebook}


6 ms delay and 10ms reporting interval for 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
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