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Introduction
In this contribution, we provide our view on the scope of Rel-19 MIMO evolution. RAN plenary chair provided the high-level summary and guidance regarding RAN Rel-19 RAN1/2/3-led package in RP-232745 [1]. Regarding Rel-19 MIMO evolution, it is quoted below. 
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Rel-19 MIMO Evolution Scope Discussion
Beam management enhancement
The main purpose of beam measurement is to track the beam change due to various reasons, such as UE movement, UE rotation, temporary obstacle, etc. Therefore, beam measurement and reporting have the following requirement. 
· Minimize the overhead for both DL/UL reference signals and corresponding measurement report. 
· Fast response and robustness to various mobility situations 
Solutions provided by the current NR specification can fulfill basic beam management need, but further enhancement is highly desirable. When periodic or semi-persistent reference signals (CSI-RS, or SSB) are configured, the simplest solution is for UE to make measurement report periodically. However, this approach has the following limitation,
· It is hard for the gNB to optimally configure the periodicity of reference signals and report as gNB has less knowledge about the actual mobility situation compared to UE.
· To ensure robust beam management, frequent reference signals and reports are needed which can cause unnecessary overhead.
· Frequent periodic measurement reporting can also negatively impact the UE power consumption.

On the other side, event-based measurement report mechanism has been proved to effectively maintain good mobility service. and thus, deserved to be visited for beam management enhancement. Beam management can be viewed as the beam level mobility where similar concept of UE-initiated/event-driven beam management can be applied to reduce the overhead while ensure robust mobility performance.   
Considering system in which NW configures periodic measurement resources (SSB or CSI-RS), the baseline operation is for UE to make periodic measurement report to track the beam change. Note that, due to the un-predictableness of the beam change, a frequent beam reporting is needed to ensure the robustness of the beam management. Overhead and latency can be reduced if we consider enhancement such that, only when the beam change is detected, or certain event is detected, UE is required to report the measurement. 
Another consideration is that beam changes typically arise from UE movement, rotation, blockage (e.g., hand, body or surrounding). UE can utilize various reference signals, measurements or even sensors to detect beam changes, and may figure out causes and preferable actions of such changes. Therefore, it is beneficial to allow UE assisting gNB to configure beam management procedure via, e.g., beam measurement report or other events. 
There are other scenarios in which UE-initiated/event-driven beam management can reduce the beam management overhead, improve latency and robustness. Therefore, we have the following observations. 
Proposal 1.1: For Rel-19 MIMO evolution, support UE-initiated/event-driven beam management, focusing on the signalling design and the design of the medium that carries the signalling.
Support >32 CSI-RS ports 
Based on the feedback from infra-vendor, it is already feasible to deploy more than 32 Tx chains at NW side, at least for some frequency band.  Unfortunately, current CSI feedback only supports maximum 32 ports per CSI-RS resource. More Tx chains at NW side can provide high potential on further DL performance improvement. Therefore, there are the following two directions we can consider. 
· Full digital precoding with more than 32 ports: In Rel-18, we did enhance CSI feedback to support CJT (Coherent Joint Transmission) from up to 4 TRPs, with each TRP corresponds to one CSI-RS resource with up to 32 ports. However, the design is rather complicated with independent spatial basis selection and two modes of frequency basis selection. A typical Type I and Type II codebook is naturally parameterized by and . Therefore, it desirable to extend both Type I and Type II codebook to support more than 32 ports.
· Hybrid beamforming: Once NW is capable of more than 32 Tx chains, for example, 128 Tx chain, performance improvement can also be achieved by performing virtual mapping between multiple Tx chains to single CSI-RS port, for example, mapping 4 Tx chain to single CSI-RS port via fixed beamforming to support 128 Tx chains with 32 CSI-RS ports. Different beamforming, for example, different vertical and/or horizontal beam direction can be considered to cover UE in different location and map to different CSI-RS resource. As results, CRI enhancement can be considered for UE to report the preferred mapping between Tx chains and CSI-RS ports by reporting the preferred CSI-RS resource via CRI. 
With larger number of antenna ports, it is expected that higher number of spatial streams together with MU-MIMO will be widely used to improve system performance. Current NR design only feedback PMI, without the power of each spatial stream. With additional per spatial stream power feedback, NW can have more information to perform MU-MIMO paring, precoding, and power loading. The per spatial stream power feedback can be wideband or subband depending on the channel frequency selectivity, etc.    
Based on the above discussion, we have the following observation 
Proposal 2.1: For Rel-19 MIMO evolution, support more than 32 ports DL operation including both the Type I and Type II codebook enhancement for full digital precoding and CRI enhancement for hybrid beamforming.
CJT DL mTRP enhancement 
In Rel-18, two enhancements were introduced for CJT DL mTRP operation. In unified TCI agenda, we support configuration of new CJT DL mTRP transmission scheme by allowing up to two unified TCI states to be configured/indicated for the CJT DL mTRP operation. In the CSI enhancement agenda, we support Type II codebook enhancement, including both regular Type II and Type II port selection codebook, for CJT DL mTRP operation with up to 4 TRP. 
To ensure good performance of CJT DL mTRP operation, it is important for NW to maintain tight synchronization of both time and frequency/phase between different TRPs that participate in DL CJT operation, which can be hard in practice. On the other side, UE can perform measurement of timing and frequency/phase difference between different TRPs, which can be beneficial for NW to perform OTA calibration to ensure robust performance of CJT DL mTRP operation. 
At high level, there can be two approaches to achieve the design goal: 
· Approach I, the time/frequency difference between different TRPs, which may be assumed to arise mainly due to NW implementation (e.g., different frequency reference resources at TRPs), can be measured and reported by UE to NW in a new measurement quantity, which is expected to be used jointly with the Rel-18 CJT design to facilitate NW scheduling. 
· Approach II, the frequency/phase difference between TRPs experienced by a UE is reflected a combo codebook, e.g., by combining the Rel-18 CJT codebook and Rel-18 predictive CSI codebook, so the Doppler domain contributions are characterized for mTRP. With Approach II, a full solution which does not depend on other UE features can be enabled; however, its specification impact and implementation complexity may be larger than for Approach I.
Based on the above discussion, therefore, we have the following observation 
Proposal 3.1: For Rel-19 MIMO evolution, support enhancement to allow UE to report the time and/or frequency offset measurement between different TRPs to assist CJT DL mTRP operation.
UL Enhancement
Regarding STxMP, in Rel-18, we support STxMP for sDCI based (both SDM and SFN) and mDCI based PUSCH + PUSCH, and sDCI based (SFN only) PUCCH + PUCCH, limited to FR2. Some remaining issues are simultaneous multi-panel transmission of other channels (like PUSCH+PUCCH, or SRS+SRS), and STxMP with asymmetric panels. Given that most of the gain can be achieved via TDM transmission with different beam/panel utilized at different time as specified in Rel-17, we do not prefer to continue the enhancement of STxMP in FR2. 

For 3 Tx operation, it is not our preferred enhancement in Rel-19. In case there is strong momentum to support 3 Tx operation, it is very important to limit the scope of 3 Tx operation by limiting the support to only non-coherent codebook based PUSCH operation, to ensure that the scope of Rel-19 MIMO evolution fits into the TU allocation of ~2.25 TU. Regarding the full power transmission, we prefer to consider at most full power transmission mode 0 to make the design simple. 

Based on the above discussion, we have the following observation 
Proposal 4.1: For Rel-19 MIMO evolution, regarding UL enhancement 
· Do not further enhance STxMP operation in FR2.
· If 3 Tx operation is supported, limit the scope to only non-coherent codebook based PUSCH operation. For full power transmission, consider at most full power transmission mode 0.
Enhancement for Asymmetric mTRP Operation 
In our understanding, asymmetric mTRP operation aims to support deployment scenario in which some TRPs are deployed with UL only. In case a TRP only supports UL, without transmitting any DL channel/signals, one of the most prominent problem to solve is power control as power control is critical for UL operation. Therefore, we need to consider the enhancement of both close loop and open loop power control to support UL only TRP operation in asymmetric mTRP. 

Regarding the two TA, we do acknowledge that Rel-18 two TA enhancement only supports multi-DCI multi-TRP scenario, and the solution can be easily extended to single-DCI multi-TRP scenario since the solution is based on the association between different TAG and different TCI state. However, this enhancement is not directly related to asymmetric mTRP Operation. Additionally, single-DCI mTRP operation typically relies on ideal-backhaul between different TRPs which makes it less important to support TRPs with different TA needs. 

Therefore, we have the following observation. 

Proposal 5.1: For Rel-19 MIMO evolution, if enhancement for asymmetric mTRP operation is supported, focus on the enhancement of both close loop and open loop power control for UL only TRP.
Enhancement for 6Rx/8Rx UE
For enhancement related to 6Rx/8Rx, our understanding is that the intention is to consider certain 6Rx/8Rx UE with reduced complexity receiver, for example, receiver that decodes each codeword independently with separate segments of the receiver chains. However, the tradeoff between the performance loss and the complexity reduction is still unclear to us. Therefore, we feel it is pre-mature to include the related enhancement in Rel-19 MIMO evolution. 

Proposal 6.1: For Rel-19 MIMO evolution, it is pre-mature to include the enhancement for 6Rx/8Rx UE.
In summary, based on all the discussion above, we have the following proposal regarding the scope of Rel-19 MIMO evolution.
Proposal: For Rel-19 MIMO evolution, support the following
· Enhancement for UE-initiated/event-driven beam management, focusing on the signalling design and the design of the medium that carries the signalling.
· Enhancement for more than 32 ports DL operation including both the Type I and Type II codebook enhancement for full digital precoding and CRI enhancement for hybrid beamforming.
· Enhancement to allow UE reports the time and/or frequency offset measurement between different TRP to assist CJT DL mTRP operation.
Additionally 
· If 3 Tx operation is to be specified, limit the scope to only non-coherent codebook based PUSCH operation. For full power transmission, consider at most full power transmission mode 0.
· If enhancement for asymmetric mTRP operation is supported, focus on the enhancement of both close loop and open loop power control for UL only TRP. 
Conclusion
In this contribution, we discussed aspects on Rel-19 MIMO evolution scope. Based on the discussion, we have the following proposal
Proposal: For Rel-19 MIMO evolution, support the following
· Enhancement for UE-initiated/event-driven beam management, focusing on the signalling design and the design of the medium that carries the signalling.
· Enhancement for more than 32 ports DL operation including both the Type I and Type II codebook enhancement for full digital precoding and CRI enhancement for hybrid beamforming.
· Enhancement to allow UE to report the time and/or frequency offset measurement between different TRPs to assist CJT DL mTRP operation.
Additionally 
· If 3 Tx operation is supported, limit the scope to only non-coherent codebook based PUSCH operation. For full power transmission, consider at most full power transmission mode 0.
· If enhancement for asymmetric mTRP operation is supported, focus on the enhancement of both close loop and open loop power control for UL only TRP. 
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