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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 were as following:

· 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 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
This paper is an update of [3] provide some further evaluation of the objective specifically for RAN4 for MIMO layer adaptation. Although this is deemed as an RF topic, this was related to R15 RRM discussions for BWP switching. This paper discussed some of the requirements and possible ways to define them.
2. Discussion
It has been explained in [3] that the main intention is that by adaptation of maximum number of MIMO layers, there is possibility to limit the number of RF ports in case not needed. As documented in WF [R4-1907615], it was proposed to use the BWP switching requirement frame work as the starting point for further study and the following cases need to be studied for MIMO layer adaption.

Case 1: MIMO layer adaption without BWP change

Case 2: MIMO layer adaption with BWP change

However, according to the latest WID, the MIMO layer adaptation configuration is regarded as a configuration of the initial/default BWP and other BWPs, or possibly per-BWP configuration. So it might be inappropriate to divede cases using the previous Case1/2. However, we may still discuss the actual requirements needed compared to BWP change without maximum MIMO layer adaptation which was discussed before for Rel-15.
Observation 1: For the current WI, maximum layer is targeted to be part of BWP configuration and the maximum layer adaptation requirements would become part of BWP switching requirements unless explicitly defined otherwise.
For MIMO layer adaption delay, there has been several proposals as documented in the reference of the WF[1]. Among them reusing BWP switching delay components concept become a main choice:
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There are some initial analysis as provided in [4][3] that a delay value similar to Type 1 BWP switch delay (around 1ms) was proposed and this could be independent to the Types already defined. If agreed, a simplified requirement could be possible specifically for MIMO layer adaption delay without considering different types. In addition, it should be clarified that this could only be applied when all other BWP configurations stay unchanged. If further possible degradation is foreseen, completely reusing the current BWP switching delay scheme and requirements are also possible. 
Proposal 1: For definition of switching delay requirements for maximum MIMO layer adaptation could be merged into R15 BWP switching delay structure, and following options of definition could be used depending on the actual delay needed:
Option 1: If the requirements could be significantly shortened or simplified compared to R15 BWP switching delay, separate requirements compared to existing BWP switching delay requirements could be defined, with explanation that this would only be applied when all other BWP configurations stay unchanged.
Option 2: If the requirements could be comparable to R15 BWP switching delay requirements, reuse current requirements could be a choice since this will simplify the requirement.
Option 3: If the requirements would be even worse compared to R15 BWP switching delay, separate requirements would be preferred and it would be applied when it happens. However, based on current analysis
Based on current analysis, option 3 is not that likely to happen and option 2 is preferred as baseline.
For interruption requirements, it should be noted for MIMO layer adaption, the concept is defined for the ongoing communications on active RF chains according to WF [1], rather than other serving cells for R15 BWP switching. So it is believed that this requirement should be defined and analyzed separately compared to R15 BWP switching interruption. 

For R15 BWP switching delay, the requirements were derived based on the following agreements as in [5]
· BWP switching involving only baseband parameter change will not cause interruptions

· Regarding interruption duration, we can reuse interruption requirements for SCell activation
We think this interruption for certain RF links for MIMO layer adaptation, if exist, could be rather small and in the order of tens of microseconds. 
Proposal 2: The interruption requirements for maximum MIMO layer adaptation should be defined and analyzed separately compared to R15 BWP switching interruption, since its concept is defined for the ongoing communications on active RF chains according to WF [1], rather than other serving cells for R15 BWP switching. The interruption could be rather small and in the order of tens of microseconds.
In addition, although mainly DL was focused during discussion, UL was not precluded in the WI scope. If treated properly, power saving could also be achieved for UL. However, UL-MIMO is not mandatory for UL and the scenario and usefulness may not as clear as DL. So it is proposed to consider DL first when developing requirements and check if UL could use the same set of requirements.
Proposal 3: Consider the DL first when developing requirements and check if UL could use the same set of requirements.
3. Conclusion

In this paper, the following observation and proposals were provided :
Observation 1: For the current WI, maximum layer is targeted to be part of BWP configuration and the maximum layer adaptation requirements would become part of BWP switching requirements unless explicitly defined otherwise.

Proposal 1: For definition of switching delay requirements for maximum MIMO layer adaptation could be merged into R15 BWP switching delay structure, and following options of definition could be used depending on the actual delay needed:

Option 1: If the requirements could be significantly shortened or simplified compared to R15 BWP switching delay, separate requirements compared to existing BWP switching delay requirements could be defined, with explanation that this would only be applied when all other BWP configurations stay unchanged.
Option 2: If the requirements could be comparable to R15 BWP switching delay requirements, reuse current requirements could be a choice since this will simplify the requirement.

Option 3: If the requirements would be even worse compared to R15 BWP switching delay, separate requirements would be preferred and it would be applied when it happens. However, based on current analysis
Based on current analysis, option 3 is not that likely to happen option 2 is preferred as baseline.
Proposal 2: The interruption requirements for maximum MIMO layer adaptation should be defined and analyzed separately compared to R15 BWP switching interruption, since its concept is defined for the ongoing communications on active RF chains according to WF [1], rather than other serving cells for R15 BWP switching. The interruption could be rather small and in the order of tens of microseconds.

Proposal 3: Consider the DL first when developing requirements and check if UL could use the same set of requirements.
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