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During the October 20th to 29th Rel-18 RANP email discussion [RAN94e-R18Prep-01], companies discussed the potential justification and scope for Rel-18 NR MIMO evolution. The moderator summary and draft WID are included in [1] and [2], respectively.
In this contribution, we provide our views on the scope of Rel-18 NR MIMO evolution.
Proposals
In the draft WID [2], many items are listed for specifying or studying, including both DL MIMO and UL MIMO. 
· For DL MIMO evolution, the following items are identified: CSI enhancement in high/medium velocities for exploiting time-domain correlation/Doppler-domain information, extension of Rel-17 unified TCI framework, support of more orthogonal DMRS ports, C-JT and UE-initialized beam management.
· For UL MIMO evolution, the following items are identified: >4 Tx operation, simultaneous multi-panel UL transmission and corresponding panel-specific timing and power control, frequency-selective precoding and 2 CW for equal to or more than 2 layers in UL transmission.
In general, the scope of MIMO is too large, and thus narrowing down above candidates/items is definitely needed. Then, we elaborate our views on DL-MIMO and UL-MIMO as follows.
Enhancements on DL-MIMO evolution 
Regarding CSI enhancement considering Doppler-domain compression (Objective-1), we suggest to well justify the corresponding objective firstly before endorsing that, due to the following reasons. 
· Generally speaking, for CSI codebook enhancement, we should hold on a bit to see the market's response for the standardized CSI enhancements previous three releases (i.e. TypeII CSI, eTypeII CSI, FR1 FDD reciprocity based CSI). 
· The proposed compression in Doppler domain can be seen as forward-looking investigation without urgent need. Compared with issues identified from real deployment, this type of forward-looking investigation should have lower priority. 
· Also, a potential AI/ML based study item for air interface also discusses CSI compression feedback. We can do forward-looking study there.
If there is still a strong need on this, the scope on CSI enhancement should be well-defined in order to avoid lengthy discussion on the possible solutions. 
Regarding extension of Rel-17 unified TCI framework (Objective-2), based on NWM discussion, there is a clear consensus on this further enhancement based on the previous NWM discussion, and so we can support to further specify the corresponding enhancement for mTRP. 
· One controversial issue is whether to further consider inter-cell/inter-band case together, and in our views, due to the typical deployment of FR1+FR2, we think that inter-cell/inter-band case can be considered herein. Alternatively, we can leave this issue open and further study the necessity of this related enhancement in RAN1.
Regarding support of more orthogonal DMRS ports (Objective-3), we think that this enhancement can include both DL and UL MU-MIMO cases, and we can strive to have a common design for both DL and UL. Then, in our initial thoughts, the number of orthogonal DMRS ports can increase to 24 from 12, and some further justification can be left to RAN1 further study.
Regarding coherent JT (Objective-4), for preventing MIMO scope from becoming too large, we also need to sharp up the objective well. In our views, we only need to consider enhancements on Rel-16 Type-II codebook refinement for facilitating Coherent-JT for both FDD and TDD targeting FR1.
· It should be further noticed that there may be some further enhancements for SRS capacity and interference randomization proposed by some proponent companies, especially for TDD case. From our perspective, we are open to further consider it if the related objective is clear and limited. 
If there is still a strong need on this, the scope of CSI acquisition for coherent JT should be well-defined in order to avoid lengthy discussion on possible solutions. 
Regarding UE-initialized beam management (Objective-5), many supports from companies are offered for the potential enhancement for UE initialized beam activation/indication that can significantly save the latency of MAC-CE based beam activation as in current NR FR2 UE. Also we believe that the corresponding part has been well analysed in Rel-17. But, considering that corresponding enhancement is almost relevant to RAN4 additional latency for TCI/PL-RS activation, based on current situation for Rel-18 NR-MIMO, we suggest that this enhancement can be alternatively considered in Rel-18 RRM in RAN4. 
Enhancements on UL-MIMO evolution 
Regarding >4 Tx operation (Objective-6) and 2 CW for equal to or more than 2 layers in UL transmission (Objective-10)
· Firstly, we identify the clear motivation and benefits for enabling > 4 layer UL transmission (with >4 Tx), e.g., up to 8 layer for SU-MIMO, and up to 12 layers or more for MU-MIMO and UE-aggregation. Some more simulation results can be found in our companion contribution RP-212375 [3]. 
· Then, the motivation and necessity for UL CW mapping enhancement have been well justified in real tests (as shown in RP-212375 [3] and R1-2108886 [4]), and this enhancement is supported by many operators and gNB/UE vendors in both Rel-17 TEI and Rel-18 August/October NWM discussion. 
· Finally, considering that the >4 Tx operation may also involve the enhancement for >1 CW mapping for facilitating the larger number of UL layers and TXs, we suggest to merge >4 Tx operation (Objective-6) and 2 CW (Objective-10) into a single one. Consequently, we can strive to have a unified design for >1 CW mapping, and then while the functionality of >1 CW mapping is stable, we just need to further identify the condition of enabling >1 CW. For instance, while number of TX(s) and/or UL layers exceed corresponding threshold(s), the corresponding feature of 2 CWs can be enabled.
Based on above analysis, we identify the detailed objectives as follows:
· Support >1 CWs for UL transmission: with the increase of number of UL layers and UL TXs, >1 CWs using individual MCS, RV and NDI become much essential for uplink transmission. Then, the condition of enabling >1 CWs for UL transmission (e.g., while number of TX(s) and UL layers exceeds a threshold) can be further studied in RAN1.
· Applying to both codebook and non-codebook PUSCH transmission: For codebook based transmission, Type-I like UL codebook, e.g., TPMI refinement, can be considered as a starting point; meanwhile, for non-codebook based transmission, the re-design of DCI SRI codepoint should be considered accordingly.
· Increase of the number of UL DMRS ports per UE for facilitating more than 4 layer transmission.
· SRS design for supporting 6 or 8 Tx (e.g., for CB, NCB, and antenna switching (e.g., 6T6R, 6T8R, 8T8R)).
Regarding simultaneous multi-panel UL transmission (Objective-7) and panel-specific timing/power control (Objective-8), we think that it is essential for improving UL throughput/reliability in FR2 multi-TRP and multi-panel operation. 
· Firstly, we think that some restriction may be needed for limiting the scope of simultaneous multi-panel UL transmission (Objective-7). In our views, we think that the total number of layers is up to four and total number of codewords is up to two, for a given PUSCH transmission across different panels. 
· In general, there are two candidate move-forward schemes, i.e., single-DCI based and multi-DCI based. From our perspective, we slightly prefer single-DCI based solution which is much more typical/reliable and also assumed as in Rel-17 mTRP-PUCCH/PUSCH transmission. Technically speaking, the enhancement on panel-specific timing is much relevant to multi-DCI (e.g., multi-TA case), and then that on power control is much relevant to single-DCI (e.g., more than two PL-RSs for facilitating a single PUSCH transmission across multiple panels)
Regarding frequency-selective precoding (Objective-9), although we observe performance gain in terms of average and edge UPT (more efficient than WB high-resolution only) for the case of high layers and TX(s) transmission, we can postpone this discussion to Rel-19 in which the functionality of >4 Tx operation (Objective-6) should become stable, considering the scope of Rel-18 NR-MIMO should be narrowed down. 
WID modification
	· Extend specification support in the following areas [RAN1] 
1. Enhancements on DL MIMO:
· Study, and if justified, specify [CSI enhancement] in high/medium velocities for exploiting time-domain correlation/Doppler-domain information, including potential enhancement to feedback-based CSI acquisition mechanisms for DL precoding
· Specify extension of Rel-17 Unified TCI framework, e.g.,
· for indication of multiple DL and UL TCI states (e.g., M>1 and/or N>1) for multi-TRP schemes
· for multi-TRP, it includes multi-TRP schemes supported in Rel-16/Rel-17
· Specify to support larger number of orthogonal DMRS ports for both downlink and uplink MU-MIMO
· Study, and if justified, specify enhancements on [CSI acquisition] for Coherent-JT for both FDD and TDD targeting FR1
· Study, and if justified, specify overhead and/or Latency reduction with UE-initiated beam management/beam acquisition procedures

2. Enhancements on UL MIMO:
· Study, and if justified, specify enhancements on at least UL DMRS, SRS, CW mapping and TPMI/SRI to enable 6 and 8 Tx UL operation to support [up to 4 layers per UE] in the UL targeting CPE/ FWA/vehicle/Industrial devices
· Study condition (e.g., number of Tx/UL layers) for enabling 2 CWs for uplink transmission.
· Study, and if needed, specify features to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, targeting for multi-TRP scenarios 
· For PUSCH transmission across multiple UE panels, the total number of layers is up to four and total number of codewords is up to two.
· Study, and if justified, specify panel-specific[/beam-specific] timing/power control for UL multi-TRP/panel scenario
· Study, and if justified, specify frequency-selective precoding targeting devices with equal or more than 4 Tx
· Study, and if justified, specify 2 CW for equal or more than 2 layers in uplink 

· Specify higher layer support of enhancements listed above [RAN2]
· Specify core requirements associated with the items specified by RAN1 [RAN4]
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