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

Discussion
In last meeting, RAN4 has approved a WF [1] on switching and interruption time for MIMO layer adaptation for power saving. RAN4 and RAN2 have such agreements [2] for the requirements of MIMO layer adaption as below, respectively.

RAN4’s 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.


RAN2’s 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.

Observation1： RAN2 to define per DL BWP MIMO configuration for initial/default and other BWPs.

Observation2:  RAN2 has some different understanding with RAN4 on the principle of applying maximum number of MIMO layers, especially when maximum number of MIMO layers is configured for an active BWP. 

In our view, RAN4 should be aligned with RAN2 that maximum number of MIMO layers should comply with per-BWP limit if it is configured for such an active BWP, otherwise UE uses the cell-specific value as per-CC limit provided in the PDSCH-ServingCellConfig IE.

Proposal 1: Maximum number of MIMO layers should comply with per-BWP limit if it is configured for such an active BWP, otherwise the cell-specific value as per-CC limit is used.

· Delay requirements:
If maximum number of MIMO layers is not configured for a BWP, dynamic adaption of the maximum number of MIMO layers shall comply with Rel-15 per-CC limit configured via RRC signaling. In this case, the requirement of MIMO layer adaption should follow RRC processing time.

[bookmark: OLE_LINK59]Proposal 2: The requirement of MIMO layer adaption should follow RRC processing time when maximum number of MIMO layers is not configured for a BWP.

On the other hand, if maximum number of MIMO layers is configured for a BWP, per-BWP limit is configured for UE operating in the BWP. In this case, the requirements of BWP switching are suggested as baseline. 
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[bookmark: _Ref7336641]Figure 1: Reference time components
Furthermore, according to the WF [3], the following 2 cases were analysed from companies’ contributions.
· Case 1: Maximum number of MIMO layers is adapted as a part of the BWP change
· Case 2: Only the number of maximum MIMO layer is changed in the BWP before and after MIMO layer adaption

In our view, both case 1 and case 2 should be defined as BWP switching along with MIMO layer adaption. Even only the parameter Number of Maximum MIMO Layer is changed, RF adjustment including antenna ports on/off and baseband adjustment including TB size/buffer reconfiguration should be considered, which may cause potential additional delay and interruption for BWP switching. Thus, for both cases, the current BWP switch delay and interruption requirements for Type 1 and Type 2 UE in 38.133 can be reused for MIMO layer adaption.

Proposal 3: The current BWP switch delay requirements for Type 1 and Type 2 UE in 38.133 can be reused for MIMO layer adaption for both case 1 and case2 when maximum number of MIMO layers is configured for an active BWP.

Besides, RAN4 is still open to discuss the requirements of UL MIMO layer adaption. Many other possible factors except UL MIMO layer adaption, could have impact on the switch and interruption requirement, such as SRS port configuration/reconfiguration, UE PA capability reconfiguration, and so on. 

At least, from our point of view, the proposal above for DL may not be suitable for UL MIMO layer adaption. Potential evaluations of such requirements are not precluded in Rel-16 and later releases.
Observation 3: The requirements defined for DL MIMO layer adaption may not be suitable for those for UL.
· Interruption requirements:
RAN4 should consider such issues to decide whether/how it cause interruption to other Tx/Rx, including whether max MIMO layer is reconfigured with changing RF channel bandwidth or center frequency, the difference between uplink and downlink etc., 
Some companies point out that when UE needs to switch its RX/TX antenna, synthesizer will introduce an absolute phase jump and cause interruption to the other active serving cells. Considering UE implementation, it is very hard to predict which symbols of other serving cells will be interrupted by the antenna switching. Thus, considering different UE implementation, 1 slot interruption time is suggested to be specified for MIMO layers adaptation for all SCSs. 
[bookmark: _Toc16776241][bookmark: _Toc16780749][bookmark: _Toc16781099]Proposal 4: 1 slot interruption time for all SCSs are to be specified for Rel-16 maximum MIMO layers adaptation. 

Conclusion
In this contribution, we propose our views as followings.
Observation1： RAN2 to define per DL BWP MIMO configuration for initial/default and other BWPs.

Observation2:  RAN2 has some different understanding with RAN4 on the principle of applying maximum number of MIMO layers, especially when maximum number of MIMO layers is configured for an active BWP. 

Observation 3: The requirements defined for DL MIMO layer adaption may not be suitable for those for UL.

Proposal 1: Maximum number of MIMO layers should comply with per-BWP limit if it is configured for such an active BWP, otherwise the cell-specific value as per-CC limit is used.

Proposal 2: The requirement of MIMO layer adaption should follow RRC processing time when maximum number of MIMO layers is not configured for a BWP.

Proposal 3: The current BWP switch delay requirements for Type 1 and Type 2 UE in 38.133 can be reused for MIMO layer adaption for both case 1 and case2 when maximum number of MIMO layers is configured for an active BWP.

Proposal 4: 1 slot interruption time for all SCSs are to be specified for Rel-16 maximum MIMO layers adaptation. 
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