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1	Introduction
NR Rel-15 WI is close to completion, where key MIMO features have been specified to provide flexible deployment for below 6 GHz and above 6 GHz, though a few of remaining issues, for example, multiple TRP functionaility, have been deprioritized due to time limitation. In our view, the items deprioritized should not be further considered in Rel-15, and potential technical components can be re-considered in Rel-16 MIMO WI.  
In this contribution, we present our views on the enhancement of NR MIMO in Rel-16. 
2.		Discussion on prioritization of scope
In the email discussion after RAN#78, a list of technology categories on NR MIMO enhancements are proposed as follows:
· N1) Enhancements on type II CSI reporting
· N2) Enhancements on multi-TRP/panel transmission
· N3) Enhancements on DL MU-MIMO transmission
· N4) Enhancements on DL-UL reciprocity operation
· N5) Enhancements on UL MIMO 
· N6) Enhancements on reference signals such as SRS, CSI-RS, DMRS, TRS 
· N7) Enhancements on beam management

Generally speaking, the above technology categorization is sufficiently comprehensive to cover all NR optimization techniques on the table. However because each technology category has a relatively large scope and may potentially overlap with each other, an unclear point is how to determine which specific feature falls within which particular category. For example, non-linear precoding may be discussed under MU-MIMO enhancement and CSI reporting enhancement. Therefore, a list of enhancement features and its categorization in each of the above category is important to clearly understand the WI scope.

Potential technical features in NR Rel-16 MIMO can be considered from two aspects. One package covers remaining issues from Rel-15, some of which are justified but not treated due to time limitation. Another package could be some new enhancements beyond Rel-15. In the following discussion, a few potential technical components are analyzed. 

· Multiple TRP/Panel transmission 
Multiple TRP/Panel transmision has been investigated in Rel-15, but has been deprioritized due to time limitation. Basic functions such as transmission scheme, CSI feedback, control related aspects shall be specified in Rel-16. In the case of DL mutiple TRP transimission, this is to provide better coverage and throughput improvement in interfernce limited scenario. Another benefit can be better reliability. Mutiple TRP transmission may bring additional benefit in cell edge and also in high frequency analog beamforming. The related CSI feedback, transmission scheme and control channel design should continue to be studied to get one complete solution. Mutliple panel is another important aspect that relates to both gNB/UE in both UL/DL. Generally it can bring spatial flexibiltiy for transission and reception in term of variable antenna array configuration. 

· Enhancements on type II CSI reporting and MU-MIMO
CSI feeback enhancement is a key component in exploiting the spectral efficiency potential of MIMO array. As one starting point, the direct extention of type II codebook for larger number of beams and higher ranks can be considered if the performance gain is justified. 
For MU-MIMO enhancement, generally two technical pillars are discussed always, one is CSI feedback enhancement, another is if non-transparent MU-MIMO is needed to enable UE with advance interference cancellation. For the first one, type II CSI reporting enhancement should be taken as one baseline. For the second one, more investigation is needed to balance complexity and flexibility. Moreover, analog based architecture can be studied for better supporting MU-MIMO.
For non-linear precoding, the performance gain is relying on high resolution CSI feedback, or TDD full reciprocity. The potential benefit should be investigated carefully taking real CSI feedback or non-ideal CSI reciprocity into account. Depending on available TUs for NR MIMO study on this particular technical component can start later stage of Rel-15 timeframe or even consider in later release if time doesn’t permit.

· Beamform management enhancement 
Beam management introduced in Rel-15 was more optimized for the DL while it is much less flexible in the UL (for both control and data channel). Given that network performance is often limited by the uplink, beam management enhandcement in the UL is another important area for Rel-16 enhancemnt to bridge the gap between DL/UL user experience. Potential enhanancements are support of more flexible UL beam sweeping (U2/U3), UL beam management not relying on full beam correspondence, and PUCCH/SRS/PRACH beam enhancements. 
Beam management for multi-panel gNB/UE was originally considered in the general Rel-15 design framework but was later deprioritized. Considering carrier frequency up to 52.6GHz, multi-panel is a potentially important antenna architecture for increasing spatial diversity and mitigating beam blockage. Enhancement for multi-panel can be based on extension of the current Rel-15 design by extending the number of spatial quasi-co-location signaling.
[bookmark: _GoBack]Beam failure recovery is an important L1/L2 mechanism to quickly recover from beam blockage in the mmWave band. Basic BFR functionlity is supported in Rel-15 but lacks the flexibility to more flexibly manage the failed beams. Enhancement on BFR may be considered in Rel-16 if time permits, considering candidate schemes that have been extensively discussed in Rel-15. 
· UL MIMO enhancement 
For UL-MIMO, since multiple panel UL transmission has been discussed in multiple TRP/Panel item. Some other techniques can be considered in this category. One remaining issue is frequency selective precoding in Rel-15, and another is UL covereage orientied MIMO enhancement, for example, SRS and transmission scheme optimization. Additionally, UL DMRS can be investigated with non-orthogonal property while taking beam and panel separation into account.
Based on above discussion, in our views NR MIMO enhancement needs to consider Rel-15 leftover features and some new feature beyond Rel-15. Depending on available TUs, the scope can be prioritized for the following techniques:
· Multiple TRP/Panel transmission 
· DL mutiple TRP transmission scheme, CSI feedback and control channel design
· DL/UL mutiple panel transmission
· DL multiple TRP optmizaiton for better reliability
· Enhancements on type II CSI reporting and MU-MIMO
· Type II CSI codebook enhancement for larger beam number and higher rank
· MU-MIMO specific optimization 
· Beamform management enhancement 
· Enhancement on UL beam management 
· Enhancement on DL and UL control channel beam management 
· Enhancement on beam failure recovery 
· UL MIMO enhancement 
· Freqeuency selective precoding
· UL coverage oriented optimization
· Non-orthogonal DMRS 

3	Conclusion
In this contribution, we discussed potential scope of NR MIMO WI in Rel-16. Depending on the available TUs for NR MIMO WI in Rel-16, it is important to focus on promising technical components to optimally utilize the available time with consideration of market need. In our view following techniques should have higher priority:
· Multiple TRP/Panel transmission 
· DL mutiple TRP transmission scheme, CSI feedback and control channel design
· DL/UL mutiple panel transmission
· DL multiple TRP optmizaiton for better reliability
· Enhancements on type II CSI reporting and MU-MIMO
· Type II CSI codebook enhancement for larger beam number and higher rank
· MU-MIMO specific optimization 
· Beamform management enhancement 
· Enhancement on UL beam management 
· Enhancement on DL and UL control channel beam management 
· Enhancement on beam failure recovery 
· UL MIMO enhancement 
· Freqeuency selective precoding
· UL coverage oriented optimization
· Non-orthogonal DMRS 
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