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1 Introduction

Many companies have provided their evaluation results for downlink MIMO enhancement in the SI of Rel-11. However, the results show that the gains are different from each other. In this contribution, we will analyze the reasons for the diverse evaluation results and provide our views on enhancements.
2 Analysis on the diverse results of evaluations
It was agreed that scenarios A and C are studied with the first priority. In RAN1#67 meeting, the simulation results for both of the scenarios are provided by many companies. The mean and standard deviation of the gain are analyzed in Table 1 according to [1].
Table 1: Analysis on mean and standard deviation of existing evaluation results.
	Scenario 
	cell average gain
	cell edge gain

	
	mean
	standard deviation
	mean
	standard deviation

	Scenario A 
	11.79%
	6.49%
	9.71%
	5.60%

	Scenario C1
	8.48%
	4.35%
	6.75%
	7.13%

	Scenario C2
	8.47%
	6.67%
	10.08%
	6.73%


Overall, gain can be observed from the results of most of the companies, while the standard deviation shows that the gains are diverse from each other. Note that some companies applied the idealistic SVD as the simulation assumption for codebook quantization [2][3], in order to show a certain “upper bound” of possible enhancements. Since Scenario A is the main scenario among the simulation results from the companies. Our analysis will focus on Scenario A, whose throughput gains with different assumption are illustrated in Fig. 1.
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Fig. 1: Throughput gain for Scenario A.
The variation in the results may come from different simulation assumptions, such as:
· PUSCH reporting mode: PUSCH reporting mode 3-1 is considered as the benchmark in the evaluations for most companies. However, PUSCH reporting mode 3-2 is also adopted by some other companies, e.g. in [2]. It should be noted that, PUSCH mode 3-2 that contains both subband CQI and subband PMI has not been standardised, therefore, PUSCH mode 3-2 is an enhancement in essence. Hence, the gain of the overall CSI enhancements would not be so obvious compared with the “enhanced benchmark” with PUSCH mode 3-2.
· Codebook quantization: The overhead assumptions of PMI feedback corresponding to the accuracy of codebook quantization are different for companies.
· Outdoor/indoor user ratio: Different indoor-outdoor modelling may result in different penetration loss, and consequently lead to different evaluation gain. In Fig.1, there are only 4 out of 14 companies provided the evaluation results for 80% indoor UE in Scenario A, and generally, the gain of 80% indoor UE is lower than that of 100% outdoor UE. It is true that the gain will be different according to different UE deployment, i.e., indoor or outdoor. However, using a mixed UE deployment will not provide any more angle of view on justifying the feasibility, but only increase the simulation and result analysis complexity. We also note that 100% outdoor UE has been adopted as a baseline for CoMP evaluation in Rel-11[4], therefore, we suggest to set 100% outdoor UE as a baseline for downlink MIMO evaluation in Rel-12.
Proposal 1: The simulation assumptions need to be refined. For example, PUSCH reporting mode 3-1 and 100% outdoor UE should be set as baseline, and PUSCH reporting mode 3-1 should be set as benchmark.
Proposal 2: New evaluation is needed with the refined simulation assumptions.
3 Discussion on enhancements
3.1 Comparison of enhancements
As concluded in [5], CSI feedback enhancement candidates mainly include:
· 4-Tx PMI feedback codebook enhancements to provide finer spatial domain granularity and support different antenna configurations for macro and small cells, especially cross-polarized antennas, both closely- and widely-spaced, and non-colocated antennas with power imbalance

· a new CSI feedback mode providing sub-band CQI and sub-band PMI 

· finer frequency-domain granularity

· enhanced control of the reported rank and corresponding assumptions for CQI/PMI derivation, to improve support for MU-MIMO.

For codebook enhancement, the majority companies proposed to refine the spatial domain granularity of codebook for 4Tx. The solutions include DFT dual-codebook similar with Rel-10 8-Tx codebook, dual codebook combined with Rel-8 4-Tx codebook, 6-bits codebook and adaptive codebook etc.

For the new CSI feedback mode, the majority companies focused on PUSCH mode 3-2, which includes subband CQI and subband PMI. However, subband PMI is not supported for 4Tx, it is only supported for 8Tx for periodic feedback in Rel-11, so we need to consider this enhancement as well.
For the fine frequency-domain granularity, the majority view is to refine the subband granularity.

For enhancement of rank and the corresponding derivation of CQI/PMI, the majority view is to restrict the rank for MU-MIMO, and deriving MU-CQI/PMI accordingly. In fact, the enhancement of additional PMI, such as PMI companion, the second dominant eigenvector etc., can also be classified as a kind of the enhancement of rank and the corresponding derivation of CQI/PMI.
From the perspectives, such as standardisation efforts, UL overhead and UE processing complexity, the enhancement of new feedback mode shows some advantages, as tabulated in Appendix A.1.

Observation 1: The enhancement of new feedback mode has advantages from the perspectives, such as standardisation efforts, UL overhead and UE processing complexity.
3.2 Considering the results of idealistic SVD feedback
We have conducted a similar simulation (the simulation assumptions are listed in Appendix A.2) but show the different results in comparison to some of the previous results, e.g. [2][3][6], which shows the moderate gain of the idealistic SVD feedback.
Table 2: Gain of the idealistic SVD feedback over Rel-8 4Tx codebook (under PUSCH mode 3-2).
	
	Cell-average gain
	Cell-edge gain

	Idealistic SVD feedback vs. Rel-8 4Tx codebook
	15%
	27.3%


From Table 2, we can see that the gain of the idealistic SVD feedback is significant. It is noted that the results of idealistic SVD feedback in [2] is compared with the “enhanced benchmark”, i.e., Rel-8 4-Tx codebook under of PUSCH mode 3-2. Under PUSCH mode 3-2, even if the idealistic SVD feedback has only moderate gain over Rel-8 4-Tx codebook, however, it means that the gain is only limited for the codebook enhancement, but not for the other enhancements except codebook.
Observation 2: The idealistic SVD feedback has significant gain under PUSCH mode 3-2.
More generally, the enhancements for PMI, e.g. codebook enhancement, will bring limited gain if only wideband PMI is employed. In fact, the wideband PMI provides the channel direction information averaging over whole band, but the channel direction is typically frequency selective. Furthermore, the subband PMI is not well defined in current specifications:
· For periodic feedback, only TM9 with 8Tx has subband PMI;
· For aperiodic feedback, the feedback modes containing subband PMI for 4Tx are PUSCH mode 1-2 and PUSCH mode 2-2. However,
· PUSCH mode 2-2 seems not well fit for MU-MIMO, since UE pairing only happens when the suitable UEs select the same best subband;
· PUSCH 1-2 has large performance degradation in case of frequency-selective scheduling.
Therefore, the enhancements for PMI may need a prerequisite of the new feedback mode including subband PMI.

Observation 3: The enhancements for PMI may need a prerequisite of the new feedback mode like PUSCH mode 3-2.

3.3 PUSCH mode 3-2
We compare the performance between PUSCH mode 3-2 and PUSCH mode 3-1 with Rel-8 4Tx codebook. Due to we want to achieve the gain of frequency-selective scheduling, we don’t simulate PUSCH mode 1-2. The results are listed in the following:

Table 3: Gain of the PUSCH mode 3-2 over PUSCH mode 3-1 with Rel-8 4Tx codebook

	
	Cell-average gain
	Cell-edge gain

	PUSCH mode 3-2 vs. PUSCH mod 3-1
	8.6%
	14.6%


From the above table, we can see that the gain of PUSCH mode 3-2 over PUSCH mode 3-1 is large. For aperiodic feedback, PUSCH mode 1-2 contains subband PMIs, and PUSCH mode 3-1 contains subband CQIs, but there is no mode contains both subband PMIs and subband CQIs currently. It should be noted that two dependent CSI requests for PUSCH mode 1-2 and 3-1 respectively does not obtain the same effectiveness as PUSCH mode 3-2, since the subband CQIs reported by PUSCH mode 3-1 is based on the recommended wideband PMI instead of the subband PMIs from PUSCH mode 1-2. However, PUSCH mode 1-2 plus 3-1 implies a candidate to realize PUSCH mode 3-2, i.e. two dependent CSI requests for PUSCH mode 1-2 and 3-1, in which the later request is the modified PUSCH mode 3-1 that uses the subband PMIs calculated from PUSCH mode 1-2 as the recommended PMIs.

Observation 4: The PUSCH mode 3-2 can be realized by the combination of PUSCH mode 1-2 and 3-1.

From many perspectives including performance, we think the feedback enhancement for 4-Tx including new feedback mode should be considered.

Proposal 3: Consider the feedback enhancement for 4Tx:

· Starting from: new feedback mode.
4 Conclusion

In this contribution, we provide our recommendations as follows:
Proposal 1: The simulation assumptions need to be refined. For example, PUSCH reporting mode 3-1 and 100% outdoor UE should be set as baseline, and PUSCH reporting mode 3-1 should be set as benchmark.

Proposal 2: New evaluation is needed with the refined simulation assumptions.

Proposal 3: Consider the feedback enhancement for 4Tx:
- Starting from: new feedback mode.
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Appendix

A.1 Comparison of enhancements
Table 4: Comparison of enhancements from different perspectives.
	
	Finer frequency granularity
	New feedback mode
	Codebook enhancement
	Rank enhancement for MU-MIMO

	Standardisation efforts
	Subband CQI or subband PMI with finer granularity (the payload size should be re-considered)
	The main candidate is PUSCH mode 3-2 (combination of PUSCH mode 1-2 and 3-1)
	The solutions converge to dual-codebook, but the details are hard to converge
	RI restriction and co-existence of SU-CSI without RI restriction and MU-CSI with RI restriction have efforts to be standardized

	UL overhead
	It can be controlled to be less than 2x overhead (depends on the RB size of subband)
	About 2x overhead
	Dual-codebook will give only the additional overhead from the first PMI (wideband PMI)
	About 2x overhead

	UE processing complexity
	About 2x processing complexity 
	PUSCH 3-2 maybe has the similar complexity as PUSCH mode 2-2
	The complexity of PMI search will be largely increased
	About 2x processing complexity


A.2 Simulation assumptions
Table 5: The simulation assumptions.
	Parameter
	Values used for evaluation

	Performance metrics
	Cell average throughput, cell-edge user throughput

	Deployment scenarios
	Scenario A

	Simulation case
	3GPP-Case1

	High power RRH Tx power (Ptotal)
	46 dBm in a 10MHz carrier

	Number of UEs per cell
	10

	System bandwidth
	10 MHz

	Possible transmission schemes in DL
	SU/MU-MIMO dynamic switching, two co-scheduled UEs

	Impairments modelling
	Ideal

	CSI/CQI delay
	6 TTIs

	Overhead 
	3 OFDM symbols for DL CCHs, 4 REs/RB for CSI-RS, 12 REs/RB for DM-RS, 2 CRS ports 

	Scheduler
	PF metrics

	Number of antennas at transmission point
	4

	Number of antennas at UE
	2

	Antenna configuration
	2 columns, cross-polarized on each column, closely-spaced: X X

	Antenna pattern
	3D

	eNB Antenna tilt
	15 degrees

	Antenna gain + connector loss
	14 dBi in 3GPP Case 1

	Feedback scheme
	Subband size: 6 RB
Details are referred to the contribution

	Channel estimation
	CSI-RS: Ideal

DM-RS: Ideal

	UE receiver
	MMSE receiver

	Placing of UEs
	Uniform distribution for homogeneous networks

	Traffic model
	Full buffer

	Indoor / outdoor modeling
	100 % UEs dropped outdoor
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