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Introduction
MIMO evolution for downlink and uplink has been discussed in the preparing email discussion for RAN #94-e meeting [1], and the corresponding draft WID was provided in [2] with the following objectives. 
	The detailed objectives are as follows:

· 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
· 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

1. Enhancements on UL MIMO:
· Study, and if justified, specify at least UL DMRS, SRS 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, and if needed, specify features to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability
· 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]


In this document, we provide our views on the objectives of MIMO evolution.
Discussion
The earlier NR MIMO design mainly targets traditional handheld mobile devices. Since traditional handheld mobile devices are sensitive to cost, complexity and power assumption, and the number of their Tx antennas are limited to form factors, the UL performance of NR is now lagging behind DL. It is urgent to bring UL performance on par with DL for a more balanced user experience. Therefore the enhancements on UL MIMO should be of higher priority than the enhancements on DL MIMO in Rel-18.
We suggest following changes to the WID of MIMO evolution for uplink and downlink:
Enhancements on UL MIMO
	· Study, and if justified, specify at least UL DMRS, SRS and codebook to enable 6 and 8 Tx UL operation to support [up to 4 8 layers per UE] in the UL targeting CPE/ FWA/vehicle/Industrial industrial devices, in both FR1 and FR2


More than 4 Tx antennas could be supported by CPE/ FWA/vehicle/industrial devices. In order to achieve higher data rate for UL and bridge the gap between DL/UL throughput, up to 8 UL layers per UE as that of DL is desired, for both FR 1 and FR2. As the enhancement on up to 8 Tx UL operation involves 6-port and 8-port transmission, besides designs for reference signals, codebook design for codebook based PUSCH transmission is also needed.

	· Study, and if needed, specify features to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability for single TRP deployment and multi-TRP deployment in FR2


In FR2, analog beamforming is applied to achieve robust coverage, link reliability and throughput improvement. Since each antenna panel could formulate a single analog beam that covers a narrow angular spread, multi-panel transmission is often considered necessary in FR2. It is natural to support simultaneous multi-panel transmission for uplink in Rel-18 to improve uplink throughput, coverage, and reduce beam blockage. In addition to single TRP deployment, this feature is also important for multi-TRP deployment. For example, in multi-TRP deployment, transmitting different layers with different panels simultaneously would improve the performance significantly compared to single panel transmission. Simultaneous multi-panel UL transmission is also helpful on latency reduction and reliability improvement in multi-TRP deployment scenarios. Therefore we propose to reflect both single TRP deployment and multi-TRP deployment explicitly in the objective for simultaneous multi-panel UL transmission. We also prefer to limit the target frequency range of this objective to FR2 since simultaneous multi-panel transmission is urgent for FR2.

	· Study, and if justified, specify panel-specific[/beam-specific] timing/power control for UL multi-TRP/panel scenario


[bookmark: _GoBack]This bullet can be removed since the application scenarios and benefits of panel-specific/beam-specific timing for multi-TRP/multi-panel scenarios are unclear and panel-specific/beam-specific power control for multi-TRP/multi-panel scenarios is already supported in Rel-17. 

	· Study, and if justified, specify frequency-selective precoding targeting devices with equal or more than 4 Tx for both FR1 and FR2


NR UL bandwidth is substantially wide and UL frequency-selective precoding is needed to exploit the adaptive link adaptation gain. In previous meetings, our evaluation results showed significant performance gain of UL frequency-selective precoding over wideband precoding for 4Tx in FR1[3]. Since the maximum bandwidth in FR2(i.e.400MHz) is much larger than that in FR1(i.e. 100MHz), the target frequency ranges of the enhancement shall include both FR1 and FR2. 

	· Study, and if justified, specify 2 CWs for equal or more than 2 layers in uplink 


In the real field, the channel condition for different layers can be different and imbalanced received power has been observed for different layers. 2 CWs for multiple UL layers allows separate MCS adaptation to the channel condition and independent retransmission, which is inherent for improved uplink throughput. We support this objective and propose to have the above editorial change on the objective.

Enhancements on DL MIMO
	· Specify to support larger number of orthogonal DMRS ports


The benefits and necessity of supporting more orthogonal layers for MU-MIMO in single-TRP or multi-TRP deployment scenarios is unclear. We prefer to remove this objective from the scope of Rel-18 MIMO.

	· Study, and if justified, specify overhead and/or Latency reduction with UE-initiated beam management/beam acquisition procedures


Overhead and latency reduction for beam management/beam acquisition procedures has been widely studied in previous releases, and lots of optimizations have been supported in current specs. It is our view that further enhancement on overhead and/or latency reduction for beam management/beam acquisition procedures is not urgent in Rel-18, and it should be removed from the objectives.
For other objectives for DL MIMO, if there is time budget left, we are supportive of including them in the WID.
Summary
This contribution presents our suggestions on the objectives of MIMO evolution for downlink and uplink in Rel-18.  The suggested changes on the objectives for Rel-18 MIMO evolution are summarized as follows:
	The detailed objectives are as follows:

· 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
· 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 at least UL DMRS, SRS and codebook to enable 6 and 8 Tx UL operation to support [up to 4 8 layers per UE] in the UL targeting CPE/ FWA/vehicle/Industrial industrial devices, in both FR1 and FR2
· Study, and if needed, specify features to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability for single TRP deployment and multi-TRP deployment in FR2
· 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 for both FR1 and FR2
· Study, and if justified, specify 2 CWs 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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