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1 Introduction
MIMO layer adaption time were discussed for several meetings, companies are diverged at 3 aspects:
· Whether MIMO layer adaption time need a new UE capability?
· Whether single value for MIMO layer adaption time is acceptable?

· Whether MIMO layer adaption time reuse the BWP switching capability is acceptable?
This paper is focus on the above questions and provide solution on the divergence. 
2 Discussion
2.1 Single value for MIMO layer adaption time 
In the previous RAN4 meetings, we propose to define single value for MIMO layer adaption time. Considering there is already agreement in RAN4 that “No new switching delay requirements will be introduced for MIMO layer adaption except for type 1 and type 2 switching delay”, and there is no RF retuning or bandwidth change work. Adopting type1 BWP switching time as the single value for MIMO layer adaption time is reasonable.

During the discussion, there is comment from one company that when using type2 BWP switching delay, UE is able to turn off more components to save more power. Unfortunately, MIMO layer adaption is not equal to turn off the UE, at least 1 RF chain shall be kept active. From RF implementation perspective, multiple RF chains would use the common RF components since these RF chains are working on the same frequency point. Generally, receiving path is comprised of antenna, LNA, Mixer, LO, multi-stage amplifiers, ADC, etc. In our understanding, UE will switch off completely all these RF parts on a certain chain except LO when receiving MIMO layer adaption scheduling. Hence we don’t see the necessity to spend more time to turn off RF. As analyzed in [1], besides 10us on-off transient time, UE also need time to stabilize the PLL since the load changes which have extra impact on the output of the VCO and frequency/phase tracking loop. For RF part, [40]us would be a typical value for switching off and circuit stable.
Observation 1: From RF implementation perspective, type1 BWP switching delay defined in TS 38.133 is enough for UE switching off completely on the receiving RF chain.
2.2 MIMO layer adaption time reuse the BWP switching capability?
In Rel-16, several features are defined as BWP based. Besides MIMO layer adaption, dormancy BWP switching time is also under discussion in RAN4 RRM. All these BWP based features may have different ability on switching time which are not related to retuning and AGC settling. 
As discussed in the previous meeting, MIMO layer switching time will have impact on gNB scheduling strategy. If the switching delay is large, the gNB may not schedule the UE switching frequently. It is because transmission interruption is allowed for each MIMO layer switching, gNB need to consider throughput performance simultaneously with power saving issue. We cannot simply say large switching delay would not have impact om power saving gain much, even in RAN1 SI, power saving gain is not the only take power saving gain as the gain metric, we cannot ignore there are also throughput, latency, scheduling delay metrics. 
Since UE may have better switching time in different BWP based features, gNB actually need the information to maximize the system performance by different scheduling algorithm. If these new features just reuse UE capability for BWP switching, it may generate the understanding that all BWP based new features will follow Rel-15 BWP switching delay. We think it will impact these Rel-16 features be commercial utilized and bring advantage to the NR network.

Observation 2: New introduced BWP based features have better switching performance when there is no RF retuning and AGC settling. If MIMO layer adaption time(even other BWP based feature) reuse the BWP switching capability UE indicates, it will impact these Rel-16 features be commercial utilized and bring advantage to the NR network.
Focusing on MIMO layer adaption time, we would like to start from the RF architecture which follows the WID. As discussed in 2.1, technically, single value for MIMO layer adaption with type 1 BWP switching delay defined in TS 38.133 can be adopted.
Proposal 1: the MIMO layer adaption delay for DCI/timer based BWP switching 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 2: the MIMO layer adaption delay for RRC based BWP switching 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 3: The interruption time for MIMO layer adaption based on BWP switching is defined consistently with BWP switching interruption defined in TS 38.133.
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:
Observation 1: From RF implementation perspective, type1 BWP switching delay defined in TS 38.133 is enough for UE switching off completely on the receiving RF chain.
Observation 2: New introduced BWP based features have better switching performance when there is no RF retuning and AGC settling. If MIMO layer adaption time(even other BWP based feature) reuse the BWP switching capability UE indicates, it will impact these Rel-16 features be commercial utilized and bring advantage to the NR network.
Proposal 1: the MIMO layer adaption delay for DCI/timer based BWP switching 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 2: the MIMO layer adaption delay for RRC based BWP switching shall be defined as the corresponding BWP switching delay in TS 38.133.
Proposal 3: The interruption time for MIMO layer adaption based on BWP switching is defined consistently with BWP switching interruption defined in TS 38.133.
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