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Introduction

The WI of further DL MIMO enhancement [1] was approved in RAN#57. In RAN1 #72bis, a WF [2] with following proposals are submitted to be discussed in RAN1 #73.
Enhance aperiodic CSI feedback for MU-MIMO by at least one of the following approaches:

Enhance IMR for IMR based interference measurement for MU interference with multiple CSI processes, e.g. interference measurement interval is configurable by the network.  

Support feedback of multiple MU-CQI offsets computed under MU-MIMO hypotheses

UE can be configured to report PMI/RI/CQI assuming eNB transmits either SU-MIMO or MU-MIMO

Decide at RAN1#73 which approaches to support. 

In this contribution, we give our analysis of the IMR enhancement based solutions and the MU-MIMO hypothesis based enhancement solutions. After that, the system level simulation results based on DL MIMO enhancement scenario A is provided for comparison.
Analysis on MU-CSI feedback enhancements
Among all the listed approaches, the candidate enhancement solutions can be further classified into the following 2 main categories:

UE measures and report the MU-CSI (CQI) based on SU-MIMO hypothesis. In this method, the MU-CSI (CQI) measurement is transparent to UE. Since CSI processes was introduced in Rel. 11, it is possible for the eNodeB to configure 2 CSI processes linked to the same CSI-RS-resource but different IMRs which corresponds to different interference situation. If we generate isotropic signals, precode them using the precoding matrices selected by another UE associated to the same cell (for pairing trial), and send them on the IMR REs, UE will include the the MU-interference strength into the denominator when calculating the SINR and generate the essential MU-CQI for MU paring at the eNodeB side.

Pros: Accurate MU-CSI (CQI). This method can ensure the interference measurement accuracy for MU purpose, as long as the MU-interference is explicitly measured by the UE on the IMRs. And since Pc per-CSI process configuration is enabled in Rel. 11, the 3dB transmission power loss on PDSCH REs can be captured. Besides that, the rank adaptation based on the existence of MU interference can also be supported. 

Increased paring chance. Even there are only 2 active UEs in the cell, the MU pairing trial can be effectively implemented as long as the precoding matrices for IMR is selected correspondingly. And the IMRs can be precoded to ensure the number of paring trials is maximized if there is large number of active UEs in the cell.

Cons: Additional CSI-IM configuration. In Rel. 11 the IMR reuse factor is discussed. Although no conclusion is reached to support a new CSI-IM pattern, the reusing factor problem is validated by many companies [3][4]. The additionally configured IMRs obviously leads to more severe problem, and the DL overhead also increases.

Suboptimal precoding matrix selection for IMRs. In this method, the precoding matrix selection on the IMR is fully up to the scheduler, who does not possess the explicit channel knowledge. The scheduler can only select the orthogonal PMIs for IMR precoding and expect minimized MU-interference can be achieved. Or it can configure multiple CSI processes corresponding to different pairing candidates for optimized MU performance which essentially means the trade-off between DL performance and UL overhead.

UE measures and report the MU-CSI (CQI) based on MU-MIMO hypothesis. In this method, new UE behaviour is required to measure and report the CSI (CQI) for MU-MIMO purpose. Since the SU/MU dynamic adaptation is generally necessary, at least one CSI process should be configured for SU-MIMO. And additional information should be reported to support MU-MIMO. The second and third candidate solutions in [2] can be grouped into this category. 

Pros: Accurate MU-CSI (CQI). This method can also ensure the interference measurement as well as the signal measurement accuracy, since UE knows the existence of a certain co-scheduled interfering UE for the corresponding CSI processes. 

Reuse of the configured CSI-RS and CSI-IM resource. Since the UE will assume a precoding matrix for the MU-interference estimation, the additional IMRs to reflect different interference hypothesis is not necessary. This will have no impact to the CSI-IM reuse factor and the DL overhead can be avoided.

Cons: Cross CSI process reference may be required. New CSI reference process in addition to the RI reference may be required to support the MU-MIMO hypothesis based feedback, depending on the implementation method, for example, CQI reference, PMI reference, etc.

Limited paring chances. The MU-hypothesis for MU-CSI (CQI) generation is determined by UE itself, who does not have any information of the overall network. It is possible that the MU-hypothesis does not match any another UE in the same cell especially when the number of active UE in the cell is low. In this case the additional CSI process is a waste of the system resource. However, whether MU operation is necessary for low-traffic scenario is to be validated and in case of high traffic load this issue can be effectively avoided.

Specification impact. This is actually mainly limited to the multiple CQI offset method proposed in [5]. With several different CQIs based on a pre-defined MU-MIMO pairing assumption reported, this method effectively improves the paring possibility since large amount of MU-hypothesis based information is available at scheduler. However, a totally new aperiodic feedback mode is required to support those redundant information. Considering the plan of this WI, this would be a really tough object.

According to the above analysis, it can be observed that each solution category has its own pros and cons, and their impact to the performance is difficult to be predicted. Performance evaluation is required to justify each enhancement solutions.

Evaluation Results
In this section we evaluate the performance gain brought by different enhancement solutions. As analyzed in the previous section, the multiple CQI offset scheme has obvious specification impact and is difficult for realization, we simulated only the third method in [2] to verify the performance of second enhancement solution category. The following 3 schemes are simulated:
Scheme1: Single CSI process supporting MU-MIMO 

In this scheme, single CSI process will be configured for the UE to support SU operation with the IMR, on which the eNB will mute the data transmission and the inter-cell interference will be measured by the UE. SU-PMI/CQI included in single CSI process will be reported from the UE. The eNB will make the MU-CQI prediction according the feedback information from different UEs.

Scheme2: Multiple CSI processes with SU feedback behavior supporting MU-MIMO 

In this scheme, UE is additionally configured with 1 more CSI processes with additional IMR, on which the eNB will transmit isotropic signal precoded by selected PMIs. In this scheme, the scheduler select the most frequently appeared orthogonal PMIs for one UE to generate the MU-interference on IMR.
Scheme3: Multiple CSI processes with MU feedback behavior supporting MU-MIMO 

In this scheme, besides the single CSI process in scheme1, UE is additionally configured with 1 CSI process to support best companion PMI/CQI derivation and reporting, using the IMR with eNB muting. By this way, UE has the ability to generate MU-specific CSI feedback to support MU-MIMO. The UE selected MU-PMI and correspondingly calculated MU-CQI will be given highest priority when implementing the MU-pairing algorithm, and if there are not other UEs in the cell using the reported MU-PMI, the scheduling will fallback to the one as in scheme 1.

The initial evaluation results are shown below:

Table 1. Simulation results of different MU-MIMO realization schemes

	
	Cell average throughput (bps/Hz)
	Gain
	Cell edge UE throughput (bps/Hz)
	Gain

	Scheme 1(baseline)
	2.027
	-
	0.0514
	-

	Scheme 2
	2.058
	1.53%
	0.0532
	3.5%

	Scheme 3
	2.064
	1.83%
	0.0568
	10.5%


As observed from table 1, both scheme 2 and scheme 3 benefit from the accurate MU-CSI reported by the UE for scheduling. However, the gain is actually quite limited since only 1 interference hypothesis is configured on the IMR which may not reflect the optimized pairing solution. Compared to scheme 2, scheme 3 has higher performance gain especially for cell edge UE throughput. In the latter solution, the reported MU-CQI is calculated according to UE preferred PMI instead of eNB suggested PMI, which can reduce number of attempts for UE paring and increase the eNB scheduling accuracy. 

Proposal: Support scheme3 (Multiple CSI processes with MU feedback behavior supporting MU-MIMO) considering obvious performance gain.
Conclusion
In this contribution, we give our analysis and evaluation results on the CSI feedback enhancements targeting at improving MU performance. We propose: 

Proposal: Support scheme3 (Multiple CSI processes with MU feedback behavior supporting MU-MIMO) considering obvious performance gain.
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Appendix

Table 2. System level simulation assumptions

	Parameter
	Assumption

	Deployment Model 
	Scenario A

	UE distribution
	100% outdoor

	System Bandwidth
	10MHz, 50 RBs

	Traffic Model
	Full Buffer

	Antenna Configuration
	eNodeB: 4-Tx, 0. 5 lambda interval, X-Polarized

UE: 2-Rx, 0.5 lambda interval, X-Polarized

	Receiver Type
	MMSE-IRC, DM-RS based covariance matrix estimation, Wishart Model

	MU-MIMO Scheme
	Max-2 rank-1 UEs being paired to avoid quasi-orthogonal DM-RS

	Channel Estimation
	Imperfect for both CSI-RS and DMRS based estimation

	Interference Estimation
	Perfect

	Feedback Modes
	Enhancement schemes: PUSCH mode 3-2, subband PMI + subband CQI, 6 RBs in each subband;

	Feedback Impairments
	Reporting period: 5 ms for PMI/CQI.   

Delay: 5 ms

	Codebook
	W=W1W2, in which W1 is a identity matrix and W2 is the Rel.8 4 Tx codebook.

	Scheduler Type
	Proportional fair

	HARQ Scheme
	Chase Combining 

	Maximum number of retransmissions
	3




