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1	Rel.19 WI proposal
Based on discussions with other companies [2] we have arrived at proposing the following scope for the Rel.19 WI on MIMO which has been slimmed down in scope to meet the suggested TU budget. This is a significant reduction of MIMO WI scope in Rel.19 compared to previous releases. In summary, the following objectives are proposed:
1. [bookmark: _Hlk145555364][bookmark: _Hlk146642115]Specify enhancement to facilitate UE-initiated/event-driven beam management for reducing overhead and/or latency, assuming the unified TCI while leveraging (as much as possible) legacy CSI measurement and reporting configuration frameworks, targeting FR2 and sTRP with intra- and inter-cell beam management
a. UL signaling content(s) for UE-initiated/event-driven beam reporting facilitating fast beam switching 
b. UL signaling medium/container considering the UE-initiated/event-driven nature of the UL transmission, designed primarily for the purpose of beam reporting

2. Specify CSI support for up to 128 CSI-RS ports, targeting FR1
a. Type-I codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks
b. Type-II codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)
c. Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming supporting up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, without new codebook design

3. Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
a. Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH
 
4. Specify non-coherent UL codebook to facilitate 3-antenna-port codebook-based transmissions, without enhancement on UL full power transmission and without enhancement on SRS resource

5. Specify enhancement for asymmetric DL sTRP/UL mTRP deployment scenarios, assuming intra-band intra-DU non-co-located mTRP scenarios, without changing existing cell definition or defining a new cell (e.g. UL-only cell), assuming the Rel-17/18 unified TCI framework and fully reusing the legacy QCL/UL spatial relation rules, targeting FR1 and FR2 
a. Two closed-loop PC adjustment states for SRS, both separate from PUSCH; and pathloss offset configurations for pathloss calculation to UL TRP(s), when the pathloss RS is from DL sTRP. 

[bookmark: _Ref178064866]2	Motivations for the proposed items
2.1 Item 1 on beam management enhancements
Over the past few releases, there have been proposals on UE-initiated beam reporting. Such reporting would resemble the reporting for L3 mobility, where the UE performs measurements on (periodic) DL reference signals, only reporting the measurement results to the NW if certain conditions are fulfilled, i.e., if some events occur. This reporting is known as event-driven reporting, and 38.331 defines several different types of events to support L3 mobility, e.g., target cell becomes x dB better than serving cell. Another example of event-driven reporting in legacy is the power headroom reporting: the UE notifies the NW that the power head room has changed if some conditions have changed.
In principle, event-driven reporting could be applied also to the (intra-cell) beam reporting. The UE could perform measurement on (periodic) DL reference signals, and once certain conditions are fulfilled, the report is transmitted. 
The main benefit of event-driven reporting is that it reduces signaling overhead, since the measurements are only sent to the NW if certain conditions are fulfilled.  
As described in section 1, defining the format and content of the report would be part of the RAN1 scope for Rel-19. On the other hand, the definition of the event, i.e., the conditions that would trigger the UE to send the report, will not be specified in Rel-19. Nor will the mechanism to request UL resources to send the report be specified in Rel-19. 
The bulk of the work would thus be to define the report format and content. Note that the design would have to consider that the report would be sent in response to an event, which means that the report would only be sent once. If the report is not received by the NW, it would have to be retransmitted, which is different from legacy beam reports that is not retransmitted: the UE transmits it once, and then discards the report. If the NW does not receive a legacy beam report, the next beam report would be used instead.
There is an overlap between this scope and the RAN2 led Rel.19 WI on mobility. Similar solutions would be applicable, but it would seem challenging to drive the work in that direction, especially considering that the mobility WI starts in Q2 for RAN2, and in Q3 for RAN1. 
2.2 Item 2 on support for larger MIMO antennas
To address the issue of coverage and higher downlink spectrum efficiency, larger antenna arrays for single transmission point transmissions with an increased number of antennas have recently gained an increased interest in the industry, partly due to new available frequency bands (e.g., in FR1 between 6 and 7 GHz). 
In current specifications, there is no support for the foreseen large antenna arrays with such large number of CSI-RS ports for CSI measurement and reporting. 
It is therefore justified to increase the number of ports for CSI reporting (up to 128 CSI-RS ports) and with an associated adjustment of the codebook. From our perspective, the Type I codebook is the baseline that needs to be supported but support for Type-II codebooks are also relevant. 
Likewise, it is justified to enhance current support for hybrid beamforming to larger antennas and to multi-beam reporting by an extension of up to 32 ports per reported beam. The multi-beam reporting will increase the possibilities for MU-MIMO scheduling which improves the downlink system throughput and latency. 
Note that these two enhancements to existing specifications, i.e., for both fully digital gNB implementation options (i.e., objective a. and b.) as well as hybrid beamforming (objective c.) are necessary to maintain the option to make the cost-effectiveness vs performance tradeoff in implementation decisions.  
For more detailed motivation and use cases, see our contribution from RAN#101 [1]
2.3 Item 3 on support for UE assisted calibration across multi-TRP
Coherent joint transmission (CJT) in Rel.18 MIMO work item considered only ideal time/frequency synchronization, i.e., the DL timing and carrier frequency at multiple TRPs were assumed to be perfectly aligned and UL  and DL is perfectly calibrated. This is not the case in reality and there are a number of remaining challenges in supporting CJT in practice.  
Firstly, propagation delays between different TRPs and a UE will be different. Furthermore, the DL transmit timing difference between TRPs will add on top of this propagation delay difference.  These combined effects lead to large delay differences that result in a very frequency selective composite channel. 
In addition, even though a same nominal transmit frequency may be assumed at multiple TRPs, due to local oscillator stability, there will be some actual transmit frequency difference between the multiple TRPs.  In 3GPP RAN4, the maximum transmit frequency error for a base station is specified in TS38.104 and the most stringent requirement is +/-0.05ppm. Even with +/-0.05ppm, there will be some residual frequency errors.  These frequency errors means that the relative phase of the signal received from different TRPs will change over time.  
In case of TDD, where SRS would be useful to measure relevant time and frequency differences in the uplink, it requires a calibrated UL and DL paths also across TRPs for this approach to be useful. This is not the case and an assisting measurement report from the UE would resolve this problem., 
The proposed solution is thus for the UE to measure and report the delay and/or frequency differences between TRPs so that the gNB can perform delay and/or frequency pre-compensation to preserve the performance benefits of CJT. Since delay and frequency pre-compensation may also be needed for reciprocity based CJT, i.e., in TDD, the report should be a standalone report and shall not be coupled with any codebook based CJT CSI (e.g., Type II) feedback.  
For more detailed motivation and evaluations, see our contribution from RAN#101 [1]
2.4 Item 4 on support for 3 Tx UE
Based on the discussion in RAN1#101, there is commercial interest expressed for developing standard support for 3Tx UL MIMO for enabling the market introduction of UEs with 3 Tx antennas. We are supportive of this under the condition that the scope is limited to the relevant configurations in terms of power configuration and codebooks. In addition, defining a new 3 port SRS resource is not necessary as the 4 port SRS resource can be re-used. This avoids a significant standardization effort. 
2.5 Item 5 on support for decoupled DL and UL
UL performance is becoming a bottleneck mainly due to the reason that the UE has lower transmit power and fewer transmit antennas, and the widespread commercial network uses DL-heavy TDD patterns. One solution to improve UL performance is densification of network deployment. To simplify densification, UL-only nodes have been proposed. An UL-node could be designed without any hardware for DL transmission, potentially reducing the cost of the node. Alternatively, the node may serve as an UL only node from the UE’s perspective, i.e. the node  transmits DL signals to serve other UEs. In the latter case, UL coverage would be enhanced, similar to the heterogeneous network deployments discussed extensively in LTE. 
Notable is that UL-only nodes may be deployed without changing the standard (but likely with suboptimal performance) since there is nothing that prevents the NW deploying nodes without DL transmissions. The UL reception in such nodes would assume the power control and timing advance to be performed with respect to the DL node. Hence, there would be a limit on the maximal supported difference between DL-UE distance and UL-UE distance for the UE. 
In our understanding, the RAN1 specification efforts to provide an optimized support for UL-only nodes are small. The unified TCI state in Rel-17 provides a good foundation for the required enhancements. In the proposal, the functionality is based on extensions of the unified TCI framework and the standardization effort is limited.  
We note that the proposal in section 1 is limited to power control. In our view, it would be beneficial to also introduce small enhancements to the TA handling, building on the 2TA feature specified in Rel-18.
It is important to avoid any impact on RAN2 (user plane) and RAN3 (intra-RAN signalling). The work must be confined to RAN1, and potentially RAN4.  
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