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1. Introduction
In RAN4#91, the power saving WID was initiated. Some preliminary analysis was provided and a WF [1] was approved. A few key points to study. In RAN#84, the updated WID was approved in [2], in which the following objectives were provided.
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
In RAN4#92, a WF has been approved in [3] , there were following agreements:
· It is RAN4 common understanding that Per-BWP maximum MIMO layer configuration is beneficial
· Dynamic adaption to the maximum number of MIMO layers shall comply with Rel-15 per-CC limit configured via RRC signalling.
· The current BWP switch delay and interruption requirements for Type 1 and Type 2 UE in 38.133 are reused for MIMO layer adaption when the maximum number of MIMO layers is adapted as a part of the BWP change. (case 1)
· Further study the switching delay and interruption requirements when only the number of maximum MIMO layer is changed in the BWPs before and after MIMO layer adaption. (case 2)

· e.g. the BWP center frequency, bandwidth and SCS… will keep unchanged during MIMO layer adaption. 
· no further relaxation of the requirement compared to BWP switching delay and interruption  for Type 1 and Type 2 UEs.
· The above bullets are for downlink MIMO layer adaption. FFS for UL.
This paper further discusses the problem and the remaining issues based on this WF. Some further UL impact was also raised.
2. Discussion
There was an agreement in [3] that:
· Dynamic adaption to the maximum number of MIMO layers shall comply with Rel-15 per-CC limit configured via RRC signalling.
This proposal was originally from [4]. “For NR Rel-15, the maximum number of MIMO layers is indicated via RRC signaling on a per-cell parameter ‘maxMIMO-Layers’ under PDSCH-ServingCellConfig [2].”. However, RAN2 had already had an agreement in RAN2#107:

Agreements 

1 Maximum number of MIMO layers can be configured at least per DL BWP including initial/default and others.  

2 If maximum number of MIMO layers is configured for a BWP, the UE uses this value and ignores the cell-specific value provided in the PDSCH-ServingCellConfig IE, when operating in the BWP.

3 If maximum number of MIMO layers is not configured for a BWP, the UE uses the cell-specific value provided in the PDSCH-ServingCellConfig IE, when operating in the BWP.

It can be seen that RAN2 agreements is clearly in contradiction of RAN4’s agreements. Since this is traditionally RAN2’s domain, we propose to clarify that the contradicting RAN4 agreement is no longer effective.
Proposal 1: Clarify that RAN4 agreement “Dynamic adaption to the maximum number of MIMO layers shall comply with Rel-15 per-CC limit configured via RRC signalling.” is no longer effective.

There was a continual discussion for the case of only the number of maximum MIMO layer is changed. There was a view that if an improved requirement could be introduced then a better performance could be achieved in this condition. However, if more and more parameters would be introduced the requirement could be overly complex.
Another possible option is to define a set of parameters, involve less RF changes such as maximum number of MIMO layers and other baseband only parameters, could be grouped together and changing parameters within this set. If only the parameters within this set is changed a slightly stringent requirement may be considered. As a starting point, one choice is change the Type1 & Type2 requirements from per-UE to linked to certain parameters set. 
Proposal 2: Define parameter set which is linked with different switch delay and interruption requirements. Using the current available requirements for different types as starting point.
Max DL MIMO layer adaptation may also have UL impact. In TR[5], by adapting max DL MIMO layer, the power saving gain mainly originates from turning off some RF-chains and antennas. For example, if a UE is in good coverage and the traffic load for this UE is not heavy, network may reduce max DL MIMO layers for this UE, which provides UE the possibility to turn off some RF-chains and antennas to save power. The turning-off behaviour is mainly UE implementation.

Taking above into account, the impact to max UL MIMO layer and other uplink behaviour when max DL MIMO layer is adapted, should be further investigated. For example, for a typical 2T4R UE architecture as Fig. 1, if max DL MIMO layer is adapted from 4 to 2, UE may turn off Ant 0, Ant 1 and the correspoding Rx RF-chains to save power. In this case, the SRS antenna switching configuration should be adapted from 2T4R to 1T2R. The max UL MIMO layer should also be adapted, since the available Tx antenna may also be reduced simultaneous. 
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Figure 1. An example of 2T4R SRS antenna switch architecture

Proposal 3: When max DL MIMO layer is adapted, the impact to UL such as SRS switching or UL maximum layer number restriction, should be further investigated.
3. Conclusion
In this paper, the problem and the remaining issues based on previous WF was discussed. Some further UL impact was also raised. Folllowing proposals were raised:
Proposal 1: Clarify that RAN4 agreement “Dynamic adaption to the maximum number of MIMO layers shall comply with Rel-15 per-CC limit configured via RRC signalling.” is no longer effective.
Proposal 2: Define parameter set which is linked with different switch delay and interruption requirements. Using the current available requirements for different types as starting point.

Proposal 3: When max DL MIMO layer is adapted, the impact to UL such as SRS switching or UL maximum layer number restriction, should be further investigated.
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