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1. Introduction

In Rel. 11 the SI of DL MIMO enhancement has already been finished. The system level simulation results of scenario A and closely spaced 4Tx X-pol. arrays from 14 companies were summarized in [1]. The range of performance gain achieved by different sources varied from lower than 5% to higher than 20%. The possible reasons are observed in [2] and listed as: 
· A large variation in the presented gain due to difference in assumptions, e.g. 

· Variety of schemes from idealistic explicit feedback to realistic implicit feedback

· CSI feedback overhead (e.g. modes, subband sizes)

· Modeling of CSI-RS and DMRS based estimation
· CSI quantization

· Scheduling schemes

· Maximal transmission rank.

· Type of receivers

· Some results are based on single enhancement scheme and other results are based on multiple enhanced schemes in combination. 

In this contribution, we provide our views on whether and how much the listed factors may impact the simulation results. Besides that, our views of each enhancement solutions listed in RP121416 is provided.
2. Simulation results analysis in Rel. 11 SI
The listed difference in [2] can be generally grouped into 4 classes:
1. Difference in network implementation, e.g., scheduling schemes.

2. Difference in UE receiver assumption.
3. Variety from ideal to practical channel estimation modeling based on CSI-RS and DM-RS
4. Variety from single enhancement scheme to multiple enhanced schemes in combination, including: CSI feedback overhead (generally referring to aperiodic feedback mode 3-2 and reduced subband size), CSI quantization (codebook enhancement for 4 Tx X-pol. arrays), explicit feedback or implicit feedback, MU-specific RI (listed as maximal transmission rank), PMI and CQI enhancement [3].
To clarify which factors can impact the comparison results more severe than the others, we analyzed the listed 4 classes one by one.
1. Most of the enhancement solutions expect to improve the system performance through providing detailed or additional information for the network so that the scheduling can be more accurate and effective. The scheduling method utilized in the baseline and the enhanced scheme therefore may be more or less different. In this case, whether the detailed or additional information is fully exploited directly impacts the gain. For example, PMI based MU-pairing scheduling algorithm may benefit from the increased beam direction granularity due to the dual structure codebook design, while the other pairing algorithm may not. It is better for companies to provide detailed scheduling design in case of MU-specific enhancement evaluation.
2. It is observed that different UE receivers are utilized in different sources. Similar to CoMP SI, the UE receiver assumption could be provided, for example, specify MMSE receiver as mandatory, and advanced MMSE receiver and/or IRC receiver as recommended, whose modeling details should be provided.
3. The CSI-RS based channel estimation is implemented to generate CSI at UE side .If ideal channel estimation is assumed, the performance loss is due to the difference between the precoding vector in the codebook and the actual channel direction, therefore enlarging the codebook brings extra gain. If the channel estimation error exists, the gain brought by more precise precoding vector may be reduced because erroneous selections increase compared with the case of smaller codebook size. However, the impact of different PMI searching accuracy on observed gain is diminished by the SINR quantization. Besides that, the ideal and non-ideal CSI-RS based channel estimation may not be different that much since interference to those REs can be minimized through network implementation. Therefore we think that the impact of this factor on variable gains from different sources is limited.
Regarding DM-RS based channel estimation, if the frequency domain granularity of the CSI feedback is increased, the possibility of more UEs scheduled in the whole bandwidth could be improved, which means less PRBs allocated to a specific UE. It’s generally known that the channel estimation based on DM-RS is more accurate as long as more PRBs are allocated to the UE. In this sense, the imperfect DM-RS based channel estimation will suffer more compared to perfect case. Companies should be welcome to give detailed modeling method of imperfect DM-RS based demodulation in the future.
4. This should be the most direct factor of different gains from some sources. For example, results from [3] are generated by applying both dual structure codebook and companion PMI/CQI, while that from [4] are based on dual structure codebook and PUSCH format 3-2. We do see the importance of combining multiple enhancement schemes to optimize the design, however in order to further clarify how much gains can be achieved through single solution, mitigating diverseness is necessary.. It should be noted that even for the single enhancement candidate, difference in detailed design (eg. the codebook designed for 4 Tx in [5] and [6] is totally different.) from companies can also lead to varied gains. The detailed analysis of the simulation results corresponding to specified single enhancement is necessary to be summarized firstly. Then other enhancement scheme combined this one can be jointly analyzed.
Proposal 1: 
· Scheduling scheme difference is important and should be described in detail in the future simulation.

· UE receiver type may lead to different gains and therefore should be specified as the simulation assumption.

· Modeling of CSI-RS based channel estimation might not be so important, while modeling of DM-RS based should be required in detail in future simulation.

· The combination of enhancement solutions being different in multiple sources is another important reason of the variation of gains. For each enhancement solution, both the design details and simulation results should be provided and summarized. Then the combined enhancement schemes can be jointly analyzed.
3. Views on future direction of DL MIMO enhancement
In this section, we will present our views and analysis on each enhancement scheme for DL MIMO.

3.1. MU-MIMO enhancement
MU-MIMO is expected to increase the spectral efficiency since more than one UE can share the time-frequency resource when scheduled. However, due to the variability of inter-user interference which can be comparable to the useful signal in the worst case, the precoding operation has to be carefully implemented to obtain the throughput gain. CSI feedback support of MU-operation therefore could be a key factor in MU-MIMO implementation. In Rel. 10 and earlier releases, only SU-specific CSI can be reported by the UE, so it is difficult to fully exploit the MU-MIMO gain.

In Rel. 11, the CSI process is defined corresponding to a signal part and an interference part. Although designed for CoMP, we believe it is valuable to reuse the concept for MU-MIMO enhancement. For example, since the codebook subset restriction can be configured per-CSI process, a rank restricted CSI process can be configured in addition to the normal CSI process to support MU-MIMO which requires ≤2 rank and related PMI/CQI. Note that the other enhancement such as companion PMI which generates the least interference to the UE, and the corresponding CQI assuming that the best companion PMI is utilized for the paired UE, can also be reported in an additional CSI process.
Another new feature introduced in Rel. 11 is IMR, which can be flexibly managed by network to support different interference hypothesis. For CoMP purpose the interference from the other TPs is measured, so the IMR is designed as ZP CSI-RS resource, which means the corresponding REs of the serving TP will be muted. However, if the serving TP is not muted, the UE will receive the precoded data on these REs and consider it as interference, which can correctly reflect the inter-user interference in case of MU-MIMO. It is generally agreed that the MU-MIMO is limited by the interference variability, and obviously IMR can be a useful tool to track the interference in MU-MIMO operation. Similar with DPS/DPB scheme, the network can configure multiple IMRs to one UE corresponding to multiple candidates UEs’ interference using different precoding vectors, and select the paired UE dynamically. This would be especially effective for low-mobility UEs.
Proposal 2: CSI process and IMR defined in Rel. 11 for CoMP should be reused for DL MIMO enhancement in Rel. 12 to improve MU-MIMO performance.
3.2. 4Tx Codebook enhancement 
Many contributions have been submitted to show the performance gain brought by the codebook enhancement in Rel. 11, assuming a Rel. 10 8Tx-like dual structure codebook is utilized for PMI searching. There was no consensus however on how much gain could be achieved and how the codebook should be enhanced. We believe the simulation results based on only codebook enhancement should be summarized under unified simulation assumptions. The specification impact of the dual structure codebook for 4 Tx antennas is not so much since similar mechanism is already introduced in 8 Tx PMI feedback in Rel. 10. It’s therefore worth to be considered as long as performance gain is validated through updated simulation results.
Proposal 3: 4Tx Codebook enhancement should be supported if obvious gain is achieved, considering that the specification impact is not so much.
3.3. Frequency domain granularity increased feedback
PUSCH mode 3-2 to support simultaneous subband CQI and subband PMI feedback has been discussed in Rel. 10 and Rel. 8, and there was no consensus on introducing such a new feedback mode mainly due to the time limit. In Rel. 11 study item, performance gain of DL MIMO enhancement was presented, but the PUSCH mode 3-2 still need to be further justified since in all the results it is used together with other enhancement solutions, generally the dual structure codebook. It’s known that the overhead is the main limitation of PUSCH mode 3-2, whose overhead increase over PUSCH mode 3-1 due to subband PMI introduction is quite obvious, especially when the system bandwidth increases. Supporting PUSCH3-2 should be given lower priority, unless considerable performance gain can be achieved.
Regarding reduced subband size in CSI feedback, the target scenario is where the frequency selectivity is really severe. However, we believe the enhancement of DL MIMO to further improve network and per-UE throughput should focus on different scenarios. Therefore the motivation of introducing finer frequency-domain granularity seems not sufficient. Besides that, the overhead increase is expected at least in aperiodic feedback mode 3-x. So similar with aperiodic feedback mode 3-2, the reduced subband size should be given lower priority.
Proposal 4: Both PUSCH mode 3-2 and reduced subband size scheme should be given lower priority.
4. Conclusion

In this contribution, we first analyzed the reason why the simulation results in SI from multiple sources varies so much. After that, we provided our views towards many DL MIMO enhancement candidate solutions. We propose:
Proposal 1: 
· Scheduling scheme difference is important and should be described in detail in the future simulation.

· UE receiver type may lead to different gains and therefore should be specified as the simulation assumption.

· Modeling of CSI-RS based channel estimation might not be so important, while modeling of DM-RS based should be required in detail in future simulation.

· The combination of enhancement solutions being different in multiple sources is another important reason of the variation of gains. For each enhancement solution, both the design details and simulation results should be provided and summarized. Then the combined enhancement schemes can be jointly analyzed.

Proposal 2: CSI process and IMR defined in Rel. 11 for CoMP should be reused for DL MIMO enhancement in Rel. 12 to improve MU-MIMO performance.
Proposal 3: 4Tx Codebook enhancement should be supported if obvious gain is achieved, considering that the specification impact is not so much.
Proposal 4: Both PUSCH mode 3-2 and reduced subband size scheme should be given lower priority.
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