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1. Introduction
In last RAN4#91 meeting, a way forward was approved [1], where it was proposed to use BWP switching requirement frame work as the starting point for MIMO layer adaption.
· 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 last RAN#84 meeting, the updated WID was agreed in [2]. The objective of core part about MIMO layers adaptation is revised as:
1) Specify 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]
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]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 document will further discuss requirements for UE adaptation to the maximum number of MIMO layers.

2. Discussion
2.1. Background
According to the WF [1], the 3 time components to be studied for MIMO layer adaption by DCI signal are illustrated in figure 2-1. And it was also proposed to consider MIMO layer adaption for the following 2 cases,
Case 1: MIMO layer adaption without BWP change
Case 2: MIMO layer adaption with BWP change
However from the revised WID, it is observed that the maximum number of MIMO layer configuration will be defined per-BWP instead of per cell for power saving. So the adaptation of maximum number of MIMO layers will be done with BWP switching. To do MIMO layer adaption, network need to configure UE to change the BWP by DCI or RRC signal.
Observation 1: The maximum number of MIMO layers will be defined per BWP instead of per cell. MIMO layer adaption can only be done together with BWP change. 
So, this paper will only discuss MIMO layer adaption with BWP change, e.g. Case 1.
Final delay (y) to be specified
PDCCH symbols
MIMO layer switching CC
time
DCI parsing
New parameters calculating and setting
Applying new parameters
Start of slot n+y for new MIMO layer configuration
Start of slot n carrying DCI switching command
Potential  interruption
MIMO layer switch delay

Figure 2-1 MIMO layer adaption requirement frame work

2.2. MIMO layer adaption during DRX ON duration 
During DRX ON duration, the MIMO layer adaption with BWP change will be triggered by DCI or RRC signalling. Compared to BWP switching, we think the time required for DCI parsing, new parameter calculating and setting in DRX ON duration will not increase obviously. Same time components for current BWP switching can be reused for maximum MIMO layer adaption with BWP change.
Observation 2: The process of MIMO layer adaption with BWP change is exactly the same with that of BWP switching.
Observation 3: The time of DCI parsing and new parameters calculating and setting for BWP switching can be reused for MIMO layer adaption with BWP change.
Regarding the 3rd time component (e.g. applying new parameters), more than a hundred micro-second will be needed due to operating frequency and bandwidth change during BWP change. For maximum number MIMO layers adaption, the UE will turn on/off some transceivers. The time for transceivers turning on or turning off is only in the order of 10-20us which is much shorter than BWP switching. So the adaptation of maximum number of MIMO layers can be completed during BWP switching process. No additional delay is need for MIMO layer adaption with BWP change..
[bookmark: OLE_LINK95][bookmark: OLE_LINK96]Observation 4: The time for applying the new parameters for current BWP switching can also be reused for MIMO layer adaption.
Based on above observations, we have the following proposal.
Proposal 1: Current delay and interruption requirements for BWP switching in 38.133 can be reused for MIMO layer adaption with BWP change.

2.3 MIMO layer adaption during DRX OFF duration
During DRX OFF period, MIMO layer adaption will be triggered by warm up signal (e.g. new PDCCH) pending RAN1 decision. The BWP with different maximum number of MIMO layers may be switched in DRX OFF duration, i.e. after UE receiving warm up signal in DRX OFF duration. In this case, the process is exactly the same as that during DRX ON period. It is still possible to reuse the BWP switching requirement although UE may need a little more time for DCI parsing due to being in power saving state. 
Since RAN1 still does not conclude the discussion on warm-up signal and potential MIMO layer adaption solution in DRX OFF state, it is proposed not to discuss such case until RAN1 have conclusion.
2.4 Special case
A special case should not excluded when two BWPs before and after MIMO layer adaption have same frequency and bandwidth but have different maximum MIMO layer configurations. For this case, there is only maximum MIMO layer number change without frequency and bandwidth change.  Only transmitters or receivers will be turned on or turned off which takes only 10-20us during the third time component period in figure 2-1. The delay for applying new parameters for new maximum number of MIMO layers is negligible compared with the time for DCI parsing and new parameter calculating and setting.
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]Observation 6: The delay for applying new parameters for new maximum number of MIMO layers is negligible compared with the time for DCI parsing and new parameter calculating and setting for when 2 BWPs before and after MIMO layer adaption is the same.
The interruption for activated cell during adaptation of DL MIMO layers doesn’t need to be considered since it only concerns receiver on/off. For adaptation of UL MIMO layers, the interruption for active cell may need to be considered due to transmitter ON/OFF. The interruption can be allowed up to 1slot for any SCS.
Observation 7: If needed, up to 1 slot interruption may need to be considered during UL MIMO layer adaption process when 2 BWPs before and after MIMO layer adaption are the same.
So, it is proposed that:
Proposal 2: RAN4 decide whether to introduce new requirements for the special case when BWPs before and after MIMO layer adaption are the same.

3. Conclusion
This paper further discussed switching time and interruption for MIMO layer adaption and BWP switching delay for power saving. Following observations and proposals are proposed for consideration. 
Observation 1: The maximum number of MIMO layers will be defined per BWP instead of per cell. MIMO layer adaption can only be done together with BWP change. 
Observation 2: The process of MIMO layer adaption with BWP change is exactly the same with that of BWP switching.
Observation 3: The time of DCI parsing and new parameters calculating and setting for BWP switching can be reused for MIMO layer adaption with BWP change.
Observation 4: The time for applying the new parameters for current BWP switching can also be reused for MIMO layer adaption.
Proposal 1: Current delay and interruption requirements for BWP switching in 38.133 can be reused for MIMO layer adaption with BWP change.

Further for the special case when 2 BWPs before and after MIMO layer adaption, we have the following observations and proposal for discussion.
Observation 6: The delay for applying new parameters for new maximum number of MIMO layers is negligible compared with the time for DCI parsing and new parameter calculating and setting for when 2 BWPs before and after MIMO layer adaption is the same.
Observation 7: If needed, up to 1 slot interruption may need to be considered during UL MIMO layer adaption process when 2 BWPs before and after MIMO layer adaption are the same.
Proposal 2: RAN4 decide whether to introduce new requirements for the special case when BWPs before and after MIMO layer adaption are the same.
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