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1 Introduction
WF [1] was approved in RAN4#92 meeting, the switching and interruption time of MIMO layer adaption was discussed based on the BWP switching framework. For BWP switching with configuration which will cause the delay, the MIMO layer adaption delay and interruption is agreed as BWP switching.
There is other case that BWP switching with configuration which will not cause the delay, the delay and interruption is still open.

This paper provides analysis on the switching time of MIMO layer adaption. 
2 Discussion
In the WF[1], there are several agreements as below:

	· 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.


According to the agreements, the key open issues are MIMO layer adaption for case 2 and UL MIMO layer adaption.
In addition, Max MIMO layer configuration for CA/DC shall be clarified further.
2.1 MAX MIMO layer configuration for CA/DC
In the last RAN4 meeting, it is agreed MIMO layer adaption for BWP shall comply with Rel-15 per-CC limit configured by RRC signaling. While for CA/DC combination, UE indicates the MIMO layer per band per band combination in FeatureSetDownlinkPerCC and FeatureSetUplinkPerCC respectively. For the dynamic MIMO layer adaption based on BWP, the configuration for the BWP in each CC shall comply with the UE capability reported in one entry of the band combination. For example, if UE reports the capability on MIMO layer for Band combination BandA+BandB as 2MIMO+4MIMO, then the BWPs configured in Band A would be ≤2 MIMO and BWPs for Band B would be ≤4.
Proposal 1: For CA/DC case, the configuration for the BWP in each CC shall comply with the UE capability reported in one entry of the band combination.
2.2 MIMO layer adaption switching time in case 2
In [1], case 2 is defined as BWP switching that only the number of maximum MIMO layer is changed. As agreed in the WF, BWP switching delay defined in TS 38.133 would be the start line. The BWP switching delay actually incorporates 3 parts according to the discussion in RF session: PDCCH processing, RF parameter calculating/loading and new RF parameter applying. In which, PDCCH processing time and RF parameter calculating/loading time belong to the BB part, and the RF parameter applying need the RF configuration change. In the third part, it includes the LO retuning and AGC settling time. From RF perspective, if only MIMO layer is changed in the BWPs, there would be no LO retuning and AGC time. For MIMO layer adaption time on RF, 10us as transient period was proposed since the RF chain open/close procedure is similar as On/off power transition. Apart from this procedure, the UE also need time to stabilize the PLL since the load change will have extra impact on the output of the VCO and the frequency/phase tracking loop. 
For baseband part, there was discussion in RAN4 that parameter calculating/loading will cost much time since the configuration on physical layer changed much duo to BWP switching. And since all the baseband process procedure have its timing limitation, BWP switching delay is specified based on slot length. Under the assumption that only MIMO layer is changed for BWP switching, actually baseband processing time can be reduced since no need for calculating and loading on other parameters. 
In the current spec, BWP switch delay is defined with type 1 and type 2 in Table 1. Considering only MIMO layer is changed, the baseband processing time and RF applying time is relatively stable. We propose to define only one type for MIMO layer adaption time in case 2, there shall be no type 1 and type 2 delay. 
Table 1: BWP switch delay
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	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (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:
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.


Proposal 2: only one type shall be defined for MIMO layer adaption delay in case 2.
As discussed above, the MIMO adaption delay can be reduced much for case 2 compared with BWP switching delay. However, considering the BB processing timing is related to interaction between RF and BB module, the timing shall be slot length based. Considering the additional time on RF adjustment, it is proposed to define the switching delay as defined for type 1 BWP switching delay.
Proposal 3: the MIMO layer adaption delay for DCI/timer based BWP switching in case 2 shall be defined as below:
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	NR Slot length (ms)
	BWP switch delay TMIMOswitchDelay (slots)

	0
	1
	1

	1
	0.5
	2

	2
	0.25
	3

	3
	0.125
	6


RRC based BWP switching delay is also specified in TS 38.133 which follow the length of the RRC procedure. Since the switching between BWPs could be RRC based, we need to consider MIMO layer adaption accordingly. Since RRC level BWP switching is related to the RRC processing delay, the MIMO adaption delay with RRC based BWP switching shall comply with the current TS 38.133.

Proposal 4: the MIMO layer adaption delay for RRC based BWP switching in case 2 shall be defined as the corresponding BWP switching delay in TS 38.133.
The interruption time for BWP switching is also defined for the active serving cells other than the switching cell in TS 38.133. Regardless of BWP switching type, the interruption time is defined as X slots which is only allowed to be start within the switching delay, where X is defined as below:

Table 8.2.1.2.7-1: interruption length X
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	NR Slot length (ms)
	Interruption length X (slotsnote 1)

	
	
	

	0
	1
	1

	1
	0.5
	1

	2
	0.25
	3

	3
	0.125
	5

	Note1:
If the BWP switch involves changing of SCS, the interruption due to BWP switch is determined by the larger one between the SCS before BWP switch and the SCS after the BWP switch. 


For case 2 MIMO layer adaption delay, since PLL is impacted by the antenna switching, there would be interruption time for the other serving cells. It is proposed to define the interruption time as defined in TS 38.133.

Proposal 5: The interruption time for MIMO layer adaption based on BWP switching in case 2 is defined consistently with BWP switching interruption defined in TS 38.133.

2.3 Antenna number adaption time for uplink
In TS 38.331, BWP switching delay is only defined for parameters reconfigured in table 2 and SCS change. Number of SRS ports is one parameter of BWP, and it is configured per BWP in Rel-15.

Table 2: Parameters which cause interruption other than SCS

	Parameters
	Comment

	locationAndBandwidth
	From TS 38.331 [2]

	nrofSRS-Ports
	

	Editor’s note: More parameters can be added if identified 


For uplink MIMO layer adaption, the ports number actually depends on the SRS port number configured for each BWP. Thus we can simply consider that max MIMO layer configuration is already defined in Rel-15, network can configure uplink MIMO layer by this IE per BWP. While for this nrofSRS-Ports IE, it is defined as one parameter which will cause BWP switching delay and interruption time. 
Observation 1: No discussion is needed for uplink MIMO layer adaption delay since it is already defined in Rel-15.
3 Conclusion

In this contribution we discussed on the open issues on MIMO layer adaption time, according to the analysis, we have the following proposals:
Proposal 1: For CA/DC case, the configuration for the BWP in each CC shall comply with the UE capability reported in one entry of the band combination.
Proposal 2: only one type shall be defined for MIMO layer adaption delay in case 2.
Proposal 3: the MIMO layer adaption delay for DCI/timer based BWP switching in case 2 shall be defined as below:
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	NR Slot length (ms)
	BWP switch delay TMIMOswitchDelay (slots)

	0
	1
	1

	1
	0.5
	2

	2
	0.25
	3

	3
	0.125
	6


Proposal 4: the MIMO layer adaption delay for RRC based BWP switching in case 2 shall be defined as the corresponding BWP switching delay in TS 38.133.
Proposal 5: The interruption time for MIMO layer adaption based on BWP switching in case 2 is defined consistently with BWP switching interruption defined in TS 38.133.

Observation 1: No discussion is needed for uplink MIMO layer adaption delay since it is already defined in Rel-15.
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