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1. Introduction
In RAN#83 meeting, a new Rel-16 work item on UE power saving in NR was approved. The objectives of this WI are as below:
Objective of SI or Core part WI or Testing part WI
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 UE adaptation with focus in RRC_CONNECTED mode [RAN1, RAN4] 
a) Specify the power saving techniques with power saving signal/channel 
i) Specify the PDCCH-based power saving signal/channel triggering UE adaptation in RRC_CONNECTED
ii) Note: this objective shall not duplicate DRX operation and impact to DRX is studied at RAN2
iii) 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  
i) Note: The procedure is in addition to Rel-15 cross-slot scheduling procedure
2) Evaluate the required switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers [RAN4]
a) Note: Switching on/off the RF is part of the evaluation
Note: 
· These objectives are RAN1/RAN4 focus and do not consider RAN2 impact. 
·  The objectives are subject to further update in RAN#84.  The update will be based on recommendations from the completion of RAN2 study and remaining RAN1 recommendations based on the conclusion of RAN1 study.

This document will initiate the discussion on RF aspects related to the power saving technique in the current WI scope.

2. Discussion
From the objectives, it is seen that the power saving technique includes 
· Reducing maximum number of MIMO layers, i.e. reducing number of Rx and Tx RF chain
· Reducing RF chain bandwidth due to BWP change.
The change of number of MIMO layers or bandwidth by RRC signalling is already supported by the specification. When it comes to power saving, it should be dynamic change of MIMO layers controlled by DCI signalling according to the information on DL and UL data load transmitted.  The scheme of UE dynamic adaptation to the number of MIMO layers is to allow UE to suspend some RF chains for power saving. From RAN4 point view, the switching time for RF chain ON/OFF and interruption to communications on other RF chains should be studied.
2.1	Dynamic adaption for MIMO layers
Depending on UE implementation, the number of RF chains may change in correspondence to the dynamic change of MIMO layers. When receiving network signalling that indicating increase/decrease of MIMO layers for the following transmissions, the UE will turn on/off some of its transmitters or receivers. The transmitter ON/OFF transient period should be defined to ensure the performance of dynamic MIMO layer adaption. To our understanding the current specification requirement can be reused. Currently the transient period from transmitter ON/OFF to transmitter OFF/ON is 10us for FR1 and 5us for FR2 which is seen enough to ensure MIMO layer adaption when there is no BWP change for power saving. 
Proposal 1：It is proposed to reuse the transmitter ON/OFF requirement for dynamic MIMO layer adaption when there is no BWP change.
Another issue that is relevant to MIMO layer adaption is the impact on the on-going communications on other RF chains. When UE turns ON/OFF some of its transmitters/receivers, interruptions to the remaining active RF chains needs to be considered due to pulse power load change. The interruption time should be less than transient periods from ON to OFF and OFF to ON. We propose to consider the interruption as one slot from specification point of view. Of course, network can consider not scheduling data when in the time slot for UE RF chain ON/OFF for MIMO layer adaption.
Proposal 2: It is proposed that the interruption time to on-going service on other RF chains should be less than one slot. 
2.2	Bandwidth change
Another power saving technique is BWP dynamic adaption. BWP switching delay needs to be considered accordingly. It is noted however, BWP switching is a very basic feature for NR and BWP switch delay has already been defined in 38.133, which is reproduced as below. We think this is enough and can be reused for BPW dynamic adaption for power saving.

The UE is not required to transmit UL signals or receive DL signals during time duration TBWPswitchDelay on the cell where DCI-based BWP switch or timer-based BWP switch occurs.
Depending on UE capability bwp-SwitchingDelay [2], UE shall finish BWP switch within the time duration TBWPswitchDelay defined in Table 8.6.2-1.
Table 8.6.2-1: BWP switch delay
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	[1]
	[3]

	1
	0.5
	[2]
	[5]

	2
	0.25
	[3]
	[9]

	3
	0.125
	[6]
	[17]

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



Proposal 3：It is proposed to reuse the BWP switch delay requirement for dynamic MIMO layer adaption with BWP change.

3. Conclusion
This paper discussed switching time and interruption for MIMO layer adaption and BWP switching delay for power saving. We have the following proposals for consideration. 
Proposal：It is proposed to reuse the transmitter ON/OFF requirement for dynamic MIMO layer adaption when there is no BWP change.
Proposal 2: It is proposed that the interruption time to on-going service on other RF chains should be less than one slot. 
Proposal 3：It is proposed to reuse the BWP switch delay requirement for dynamic MIMO layer adaption with BWP change.
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