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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In RAN4 #92 meeting, companies agreed a WF[1] and separated the discussion on switching delay and interruption times for UE maximal MIMO layers adaptation into 2 cases. For case 1, 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. For case 2, companies are encouraged to study if it is possible to achieve shorter switching delay and interruption requirements when only the number of maximum MIMO layer is changed in the BWP switch: 
	
· 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.



In this paper, our evaluation results for case 2 are provided in Section 2. A summary is provided in Section 3.
2	Required Switch Delay and Interruption Time for Case 2  
For case 2, our understanding is that if only the number of maximum MIMO layer is changed, the switching delay and interruption time could be shorter than those of the current type 2 BWP switch. In Figure 1, we illustrate the time components to be considered, and in Table 2, we assume 15kHz SCS to summarize our suggested requirements for each of the components.
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[bookmark: _Ref7336641]Figure 1: Reference time components for a physical layer setting change
[bookmark: _Ref7344877]
Table 2: Requirements for the time components in adapting the maximum number of MIMO layers
	Time component
	Suggested requirement
	Comment

	Control information monitoring (from PDCCH symbol reception to DCI parsing)
	min(500 us, slot duration)
	For 15k SCS, total reception and processing time can be finished within 6 to 7 symbols [3]. For higher SCS, UE should at least finish control information monitoring within a slot duration. 

	RF/BB parameter calculating and loading
	210 us
	There is no need to re-calculate the parameters. We need to consider the required time for parameter selection and loading, where the margins for reading/writing parameters from/into the temporary memory are included.

	Applying the new parameters
	250 us
	If there is no carrier frequency, bandwidth or SCS change involved in adapting the maximum number of MIMO layers, the required time can be much less than the proposed value in [3].


Similar to above analysis, the corresponding delays with other SCSs are evaluated and the results are shown in Table 2. 
[bookmark: _Ref20995047]Table 2: Requirements for the time components in adapting the maximum number of MIMO layers 
	 (SCS = )
	NR Slot length (ms)
	MIMO switch delay TMIMOswitchDelay (slots)*

	0
	1
	1

	1
	0.5
	2

	2
	0.25
	4

	3
	0.125
	6



The evaluation results are actually very close to the existing type 1 BWP switching delay. However, some companies claim that due to their architecture limitation, only type 2 BWP switching delay can be achieved. It seems to us that the compromise is to remain 2 types switching delay as we did in case 1. So we suggest  
[bookmark: _Ref21003501][bookmark: _Ref16200051][bookmark: _Ref7345072]Proposal 1: For case 2, current BWP switch delay and interruption requirements for Type 1 and Type 2 UE in 38.133 are also reused: For DCI-triggered switch, when UE receives the request at slot n, UE shall be ready to receive PDSCH with new settings at slot n+ TMIMOswitchDelay
	
	NR Slot length (ms)
	MIMO switch delay TMIMOswitchDelay (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
	18

	Note 1:	Depends on UE capability.
Note 2:	Rel-15 per-CC maximum number of MIMO layers is not changed by the dynamic adaptation



[bookmark: _Ref525844622]Interruption time is applied to the active serving cells other than the switching cell. Whether there is impact to the other serving cells depends on UE implementation in RX/TX antenna switching as well as UE intelligence in deciding RX/TX antenna switching. 
It is a common understanding 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. This interruption time might be very small and much less than 1 slot. Considering that the starting point of this interruption time depends on the UE implementation, it is very hard to predict which symbols of other serving cells will be interrupted by the antenna switching. Besides, in current RAN4 spec, the smallest unit to address the interruption time is 1 slot. So we suggest to use 1 slot interruption time for MIMO layers adaptation in all SCSs.       
[bookmark: _Ref21003477][bookmark: _Ref7345043]Observation 1: When UE needs to switch the RX/TX antenna, synthesizer will introduce an absolute phase jump and cause interruption to the other active serving cells. 
[bookmark: _Ref21003503][bookmark: _Ref7345095]Proposal 2: For Rel-16 dynamic adaptation to maximum number of MIMO layers, 1 slot interruption time is allowed for all SCSs 
	
	NR Slot length (ms)
	Interruption length X (slots)

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	1

	3
	0.125
	1



For a UE can support type 1 BWP switching delay in case 2 but need type 2 BWP switching delay in case 1, we see the need to provide distinct capabilities to normal BWP switching and to BWP switching on maximum MIMO layer change only. So we recommend that
[bookmark: _Ref21003504]Proposal 3: New UE capability is needed for BWP switching involving only max MIMO layer change.
4	Summary 
In this contribution, we have the following observations:
Observation 1: When UE need to switch the RX/TX antenna, synthesizer will introduce an absolute phase jump and cause interruption to the other active serving cells.

And we propose
Proposal 1: For case 2, current BWP switch delay and interruption requirements for Type 1 and Type 2 UE in 38.133 are also reused: For DCI-triggered switch, when UE receives the request at slot n, UE shall be ready to receive PDSCH with new settings at slot n+ TMIMOswitchDelay
	
	NR Slot length (ms)
	MIMO switch delay TMIMOswitchDelay (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
	18

	Note 1:	Depends on UE capability.
Note 2:	Rel-15 per-CC maximum number of MIMO layers is not changed by the dynamic adaptation



Proposal 2: For Rel-16 dynamic adaptation to maximum number of MIMO layers, 1 slot interruption time is allowed for all SCSs 
	
	NR Slot length (ms)
	Interruption length X (slots)

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	1

	3
	0.125
	1



Proposal 3: New capability is needed for UE support Rel-16 MIMO layer dynamic adaptation.
Reference 
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