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1	Introduction
UE Power Saving WID was approved in RAN#83 [1]. Further updates were made in RAN#84 [2]. The current objectives are as follows:
	The objective is to specify the UE power saving techniques with UE adaption in achieving UE power saving.  The power saving technique should address latency and performance in NR as well as network impact.  The objective of the UE power saving includes the following,

1) Specify power saving techniques with PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED mode [RAN1, RAN2, RAN4] 

a) Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence(s) of the drx-onDurationTimer [RAN2, RAN1]

NOTE: Any change of PDCCH channel coding and payload interleaver is not in the scope

b) Specify the procedure of cross-slot scheduling power saving techniques  [RAN1, RAN4]

NOTE: The procedure is in addition to Rel-15 cross-slot scheduling procedure

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

3) Specify a mechanism for a UE to indicate its preference of transitioning out of RRC_CONNECTED state. [RAN2]

4) Specify, if agreed, the mechanism to provide UE assistance information [RAN2, RAN1]:
· Study and select among the following UE assistance information for RAN2 by RAN#85:
power preferred information (baseline LTE PPI in a well-defined manner) and UE's preference on C-DRX, BWP and SCell configuration [RAN2].
· NOTE: additional UE assistance information for RAN1-specific power saving techniques to indicate what setting of parameters related to this Work Item will lead to power savings for the UE can be included if agreed in RAN1.

5) Specify network-configured mechanism to relax intra and inter-frequency RRM measurement for neighbour cells for RRC_IDLE/INACTIVE with minimal mobility performance impacts [RAN2, RAN4]
a) [bookmark: _Hlk10649837]Specify RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of cells/carriers to be measured [RAN4, RAN2]
b) Define triggering criteria for the UE to move between relaxed and normal RRM measurements, that considers at least if UE is not at cell edge, or if UE is stationary or with low mobility [RAN2, RAN4].
i) Evaluate and specify requirements (if needed) depending on RAN2 criteria [ RAN4]

NOTE: No new measurement quantities should be introduced 




In this contribution, we discuss about the power saving techniques related to adaptation of maximum number of MIMO layers.
2	Discussion 
In current specification, for DL transmissions the number of MIMO layers is configured via RRC signalling as a cell level parameter (maxMIMO-Layers in PDSCH-ServingCellConfig). For UL transmission the number of layers is provided in addition to cell level parameter (maxMIMO-Layers in PUSCH-ServingCellConfig), as well as BWP level configuration (via maxRank in pusch-Config).  
In RAN2 meeting #106, RAN2 agreed that also for DL transmission a BWP level configuration is to be supported, at least for initial and default BWP:
Agreements:
1. In addition to per cell MIMO layer configuration (already supported in Rel-15), another MIMO layer can be configured to the initial/default BWP.  FFS if we allow configuration per BWP. 
2. The UE applies another configuration of MIMO layer when the active BWP is switched to the initial /default BWP

Background of this was to allow using initial and default BWP as a ‘low power’ BWPs where the expected data rates are reduces (to accommodate low traffic activity) and UE can operate with reduced processing in terms of expected PDSCH layers. I.e. enable UE for example ramp down some of the diversity RX chains. 
In terms of UE behaviour in relation to maximum number of MIMO layers, to enable UE to obtain power saving gain, it should evidently be allowed to assume that the PDSCH shall not be scheduled with higher number of layers than indicated by BWP specific number of MIMO layers, e.g. the total number of PDSCH antenna ports indicated by DCI Format 1_1 should not exceed it.
Now the one FFS point for RAN1 to consider was whether the BWP specific configuration of maximum number of MIMO layers should only be possible for initial BWP and/or BWP indicated as default BWP. In principle the already agreed support for per initial/default BWP configuration would enable support of UE fallback to ‘low power’ BWP based on e.g. DCI order or timer expiry.
However, it could be considered that there could be multiple different traffic profiles, which could all be supported with lower number of layers, but could differ in terms of other BWP related configurations (e.g. bandwidth), thus it could be considered that it might be preferable to generalize the possibility to configure maximum number of MIMO layers to all BWPs, in addition to the initial/default BWP. From specification perspective, as default BWP id (defaultDownlinkBWP-Id) can be set to have any value, among the configured BWPs, there might not be too big difference whether the configuration can be done per BWP (not just for initial/default BWP). Maybe in reverse, not allowing the parameter to applied to all BWPs could make reconfigurations more complicated.
Proposal: Allow the configuration of maximum number of MIMO layers per BWP.
In PUSCH case the BWP specific parameter is set to have same value as the cell level parameter, if present. Thus, if cell level parameter of max UL MIMO layers is set, it determines for all UL BWPs the max number of layers. As the maxMIMO-Layers is optional parameter is optional parameter, same approach could be also used in DL. Other alternative would be of course that if BWP specific parameter is present, it would overwrite the cell level parameter. The approach to specify this is of course up to RAN2, but from RAN1 perspective both approaches would have similar specification impact. Of course in latter case it should be considered whether the BWP level parameter is always restricted to be equal or less than the cell level parameter. In both approaches, if the new BWP specific parameter nor the cell specific parameter are not present, the UE assumption would need to be determined. Currently it is defined that, if the cell level parameter is not present UE determines the maximum number of layers for PDSCH to be same as the number of layers supported by the UE for the cell.
Currently the configuration for maximum number of layers (in PDSCH-ServingCellConfig) is in certain respect independent of the CSI reporting configuration (CSI-ReportConfig). This would enable for example a configuration where UE is set to report four port CSI-RS up-to four layers (i.e. up to Rank 4), while the PDSCH would be always restricted e.g. to max 2 layers. While this is not necessarily a problem, it could be further considered whether any adjustments would be needed. In context of CSI requirements (in RAN4) it of course should be noted that if the UE is set to have maximum number of DL MIMO layers to a certain level, UE is not required to report higher number of layers in CSI report, even if the CSI configuration would enable it. It should not of course be prevented either. 
Observation: Consider whether any adjustments are needed to PDSCH configuration and CSI reporting configuration interaction in case of restricted maximum number of MIMO layers. 
3	Conclusions
In this contribution we have discussed the adaptation to the maximum number of MIMO layers based the BWP frame work and made following proposal and observation:-
Proposal: Allow the configuration of maximum number of MIMO layers per BWP.
Observation: Consider whether any adjustments are needed to PDSCH configuration and CSI reporting configuration interaction in case of restricted maximum number of MIMO layers. 
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