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Introduction
In the updated WID for power saving, the objective to specify the MIMO layer adaptation is captured as follows: 1) 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

And in last meeting, RAN4 has approved an WF on switching and interruption time for MIMO layer adaptation for power saving.

 · Companies are encouraged to analyze on the time components for MIMO layer adaption delay.
· Inputs from chipset vendors are highly anticipated.
· Study whether interruption time need to be specified for communications on active RF chains due to MIMO layer adaption.
· Confirm whether BWP switching requirement frame work can be reused.
· Study how to capture the requirements for MIMO layer adaption in the specifications.

In this document, we discuss the switching and interruption requirements of MIMO layer adaption.

Discussion
Whether BWP switching requirement frame work can be reused
· BWP switch requirement frame work
In Rel-15, DCI-based, timer-based and RRC-based BWP switch are supported. And for each different scenario of triggering, two types of UE capability with sets of values for different numerologies has been defined for BWP switching delay in section 8.6 of TS 38.331.
For DCI-based BWP switch, the corresponding UE actions are concluded in the following time unites, e.g., DCI decoding, RF/BB parameter calculating and loading, applying the new parameters. Similarly, the durations for RF/BB parameter calculating and loading and applying the new parameters can be reused for timer based and RRC based BWP switch.
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Fig. 1 	 Time components for DCI-based BWP switching delay
In addition, for timer based BWP switching, the UE is not required to transmit UL signals or receive DL signals after bwp-InactivityTimer [2] expires on the cell where timer-based BWP switch occurs.  For RRC based BWP switching, the UE is not required to transmit UL signals or receive DL signals during the time defined by  on the cell where RRC-based BWP switch occurs.
· Delay for MIMO layer adaption
According to the discussion in last meeting, as least 3 time components are considered to be relevant for MIMO layer adaption with BWP switching, e.g.
· The time required for PDCCH decoding time
· New parameter calculating and loading
· Applying the new parameters
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Fig. 2   Time components for MIMO layer switch delay
To ensure power saving gain of MIMO layer adaption, it is anticipated that UE shall have the ability to switch ON/OFF its transmitter/receiver and apply the new MIMO layer configurations within a specific time delay. The MIMO layer adaption delay could be tentatively defined as:
· the time duration from end of the control symbol carrying switching command to the start of the new MIMO layer configurations in slot n+Y, where the delay to be specified as Y. 
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In our view, BWP switching requirement frame work is suggested to be reused for MIMO layer adaption. Furthermore, if reusing BWP switching delay, we need to add the MIMO layer adaptions process on top of BWP switching framework. In common understanding, the durations of new parameters calculation and loading and applying the new parameters, should contain both RF and baseband part, respectively. 
Proposal 1: BWP switching requirement frame work should be reused for MIMO layer adaption.
Observation 1: Potential additional delay and interruption for MIMO layer adaption need to be studied including RF and baseband part.
For RF adjustment, MIMO layer adaption mainly cause RF components and antenna switching on/off. The max layer changing will cause the antennas with active RF chain adaption. For example, the more max-MIMO layers configured needs more antennas and RF on, while the less max-MIMO layers configured needs less antennas or RF off for some bands which makes the power saving possible. 

In our view, for uplink, the antenna ports on/off depends on SRS configuration, even if max MIMO layer is configured less than SRS antenna ports. For downlink, it is possible to reconfigure MIMO layer in order to reduce the Rx chain and power consumption by antenna switching off. In this case, the delay for RF parameters adjustment can be comparable to that of SRS antenna switching, where SRS antenna switching of 15us has been agreed for FR1 in Rel-15 and it’s FFS for FR2 which can be shorter than 15us, as shown below. 

Currently the transient period defined between PUSCH/PUCCH and SRS is 10us in RAN4 specification, which should be extended to 15us for the case of SRS antenna switching. The transient period would have impact on demodulation of the symbol with the period, especially for the case that the same PA is connected to different antennas as the PA needs to ramp down and ramp up during the transient period.

So uplink max MIMO layer adaption doesn’t impact the delay requirement from RF perspective. 15us is suggested as RF delay of downlink MIMO layer adaption for FR1 and FR2, which can be further decided by RAN4.
Observation 2:    Uplink max MIMO layer adaption doesn’t impact the delay requirement from RF perspective.
Proposal 2: 15us is suggested as RF adjustment delay of DL MIMO layer adaption.
For baseband part, besides the delay caused by parameters of BWP changing e.g. SCS, BWP’s BW or center frequency, more baseband parameters need to be considered due to MIMO layers adaption, e.g. TB size/buffer adjustment etc.
Regarding different UE capability or implementation, we believe that the values can be further reduced or revised for different numerologies. In this case, for 15 KHz and 30 KHz, the delay could remain the current values duo to the margin for Rel-15 UE availability. However, additional 1 slot is suggested to be specified for at least high SCSs in order to guarantee the performance of MIMO layer adaption and BWP switching.

Thus, considering both RF and baseband parts, an additional delay of 1 slot is suggested to be defined for at least high SCSs (60 KHz, 120 KHz, etc.) for MIMO layer adaption based on BWP switch delay.
[bookmark: _Toc16776240][bookmark: _Toc16780748][bookmark: _Toc16781098]Proposal 3: An additional delay of 1 slot is suggested to be defined for high SCSs for MIMO layer adaption based on BWP switch delay.
Table xxx: BWP switch delay with MIMO layer adaption
	[image: ]
	NR Slot length (ms)
	MIMO layer adaption delay TDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1
	3

	1
	0.5
	2
	5

	2
	0.25
	4
	10

	3
	0.125
	7
	19

	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.



In addition, RAN4 should consider the issues whether max MIMO layer is reconfigured with changing RF channel bandwidth or center frequency, reconfigured more or less MIMO layers, the difference between uplink and downlink etc.,  so as to decide whether/how it cause interruption to other Tx/Rx. And different UE implementation should be considered.
[bookmark: _Toc16776241][bookmark: _Toc16780749][bookmark: _Toc16781099]Proposal 4: Interruption time due to MIMO layer adaption need to be specified based on UE capability.

Conclusion
In this contribution, we propose our views as followings.
Proposal 1: BWP switching requirement frame work should be reused for MIMO layer adaption.
Observation 1: Potential additional delay and interruption for MIMO layer adaption need to be studied including RF and baseband part.
Observation 2:  Uplink max MIMO layer adaption doesn’t impact the delay requirement from RF perspective.
Proposal 2: 15us is suggested as RF adjustment delay of DL MIMO layer adaption.
Proposal 3: An additional delay of 1 slot is suggested to be defined for high SCSs for MIMO layer adaption based on BWP switch delay.
Proposal 4: Interruption time due to MIMO layer adaption need to be specified based on UE capability.
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