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Introduction
During the study phase of UE power saving techniques for NR release 16 [1], it has been shown by many companies that UE adaptation to the maximum number of MIMO layer can save the UE power consumption.  In the latest RAN1 plenary #84, the following work item has been agreed to [2].
	Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]
a) Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]
i) Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 
b) Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration [RAN4]

NOTE: Switching on/off the RF is part of the evaluation



This contribution will discuss the adaptation of maximum number of MIMO layer under the framework of the BWP. 
Discussion
Adaptation of number of receive antennas 
UE adaptation of the number of receive antennas during PDSCH reception or PDDCH monitoring provides significant UE power savings at the cost of acceptable (or even negligible) performance degradation [1]. For the data channel, the UE adjustment of its number of receive antennas is based on the conditions of the wireless channel and the knowledge of the scheduled number of DL MIMO layers. Informing the UE in advance the expected maximum number of MIMO layers can help the UE configure the proper hardware resources to efficiently receive the scheduled transmission while being power efficient. These hardware resource include for example the number of receive antennas, RF configurations and baseband processing. These hardware configurations differ from one UE to another based on the UE capability. That is why it is better to indicate to the UE the maximum number of MIMO layer and it is up to the UE to configure its resources accordingly. 
Observation 1 Adaptation of the number of receive antennas based on the max number of MIMO layers is up to UE’s implementation.
BWP-based adaptation
To accommodate the dynamic traffic patterns, dynamic configurations of the maximum number of MIMO layer is needed. In release 15, the number of MIMO layers is RRC configured per cell for downlink transmissions (maxMIMO-Layers in PDSCH-ServingCellConfig). However, since it is RRC-based, it suffers from the high latency of RRC reconfiguration and associated ambiguity duration.
The bandwidth part (BWP) framework is a great candidate to accommodate such dynamic and low latency requirements for adaptation of max number of MIMO layer. The maximum number of MIMO layer can be defined per each BWP and the adaptation of the maximum number of MIMO layer is achieved via BWP switching. As an example, a small number of maximum MIMO layers can be configured for a low power BWP while for a high-performance BWP a large number of MIMO layers is configured. The UE may by default operate in the low power BWP and only switch to a high-performance BWP during periods of high traffic activities. It would make sense to operate with fewer number of Rx antennas for the low power BWP, as it is intended mostly for PDCCH monitoring and reception of small data over PDSCH.
Observation 2: BWP framework can enable low latency and dynamic adaptation of maximum number of MIMO layers via BWP-switching.
Also in release 15, RAN1 concluded that a per-BWP parameter indicating maximum rank for PDSCH is needed [3],[4]. However, the RAN1 agreement was not reflected when RAN2 implemented the RRC specifications.
	Agreement
New higher layer parameter is introduced on a per-BWP basis; and the UE expects that the configured value of this parameter shall the same for all configured BWPs in a CC for Rel-15
· For PDSCH, and non-codebook based PUSCH, maxRank signaling would be introduced per BWP




[bookmark: _Toc7809816][bookmark: _Toc7814489]Based on above discussion, adding support for per-BWP maximum MIMO layers for PDSCH in Rel-16 should be adopted as is done for codebook based PUSCH in Rel-15. The above RAN1 agreement should be respected especially now in Rel-16 as we are implementing per-BWP max_number_MIMO_layer which provides the best combination of low latency and flexibility. It should be noted that, in Rel-15, many of the MIMO parameters already have per-BWP configuration.
Proposal 1 Configuration of maximum number of MIMO layers should be extended to a per-BWP configuration.  The RAN1 agreement of introducing a per-BWP RRC parameter indicating maximum number of MIMO layers for PDSCH should be adopted in Rel-16.

Default/initial and UE specific BWP MIMO configurations
During the initial access procedure, the UE operates in its initial BWP and then it switches to the first active BWP once its RRC connection is setup or it recovers from a fallback. The UE may want to switch among its active BWPs instead of between its active BWP and initial/default BWPs, for its low-power vs high-performance operation. Therefore, it is beneficial to allow another BWP other than the initial/default BWP to have reduced max MIMO layers. Also, the default BPW is not necessarily the only power saving BWP and another BWP may also need to have reduced max number of MIMO layers.
RAN2 has agreed that the initial and default BWP can have an additional configuration of maximum MIMO layers, compared to the other UE specific BWP. However, we think this agreement unnecessarily restricts how network may configure BWPs for power saving. Extending the current RAN2 agreement to allow the configuration of maximum MIMO layers to be BWP-specific is a more general solution and gives network more flexibility in their configuration. 
Observation 3 Extending max MIMO layers to per-BWP specification and not limited to initial/default BWP is a more general and flexible solution. 

Switching time
Under the framework of a per-BWP MIMO configuration, switching BWP inherently could indicate the change of both operating BWP of the UE and the maximum number of MIMO layers for DL reception. That switch will require antenna adaptation (activation/de-activation of RF chains and the corresponding BB processing) which may incur some delays. If the BWP transition time (as already defined by RAN4) is not sufficient, new transition time with larger delay can be specified.
Observation 4 Additional time for MIMO layer adaptation may be needed on top of BWP switching time.
Conclusion
Observation 1. Adaptation of the number of receive antennas based on the max number of MIMO layers is up to UE’s implementation.
Observation 2. BWP framework can enable low latency and dynamic adaptation of maximum number of MIMO layers via BWP-switching.
Observation 3. Extending max MIMO layers to per-BWP specification and not limited to initial/default BWP is a more general and flexible solution. 
Observation 4. Additional time for MIMO layer adaption may be needed on top of BWP switching time.
Proposal 1. Configuration of maximum number of MIMO layers should be extended to a per-BWP configuration.  The RAN1 agreement of introducing a per-BWP RRC parameter indicating maximum number of MIMO layers for PDSCH should be adopted in Rel-16.
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