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Introduction
One of the RAN4 objectives of the Rel-16 UE Power Saving WID in [1] is to evaluate if UE switching and interruption times are needed for UE dynamic adaptation to the maximum number of MIMO layers and specify UE adaptation to the maximum number of MIMO layers. This contribution focuses on UE switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers.
Discussion
RAN4#92 agreed the first WF in [2] with the following 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.

Where, 
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



Since RAN4 has already confirmed that the Rel-15 BWP switch delay and interruption time requirements in TS38.133 for Type1 and Type2 UEs are used for dynamic adaptation of the maximum number of MIMO layers for UE power savings as well, we focus on analysing how the switching delay and interruption requirements could be improved for a case that only the number of maximum MIMO layer is changed in as part of BWP switch signalling.
The current Rel-15 BWP switch delay and interruption time requirements in TS38.133 assume that BWP switch may include change of number of physical layer parameters like BWP center frequency, bandwidth and SCS etc. 
The DCI-based BWP switch delays, which have already been agreed to be re-used for maximum MIMO layer adaptation with generic BWP switch (i.e. including number of physical layer parameter changes), are illustrated in the table below. 
Table 8.6.2-1: 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.



From the table we can see that even for the UEs supporting Type 1 requirements the BWP switch delay is from 750 us to 1 ms, which is significantly more than UE TX RF transit period of 5 - 10 us. For UEs only supporting more relaxed Type 2 requirements the BWP switch delay is as large as 2.25 ms to 3 ms. 
Rel-15 TS38.101-1 currently defines 10 us transit period for FR1 UE Tx ON/OFF time mask requirements. During this 10 us transit period the UE has to be able to turn its Tx ON after being OFF or turn its TX OFF after being ON. This transit time includes the actual RF ON/OFF swithing and settling time. Rel-15 TS38.101-2 defines similarly 5 us transit period for FR2 UE Tx ON/OFF time mask requirements. 
Additionally, when looking at the current assumption for performing e.g. inter-frequency measurement using gaps, it is assumed that each gap includes an RF switching time at the beginning of the gap and at the end of the gap. These switching times are included in the overall gap length, and depend on the frequency range. The switching time assumed in FR1 is 500us and in FR2 it is assumed to be 250usec. 
For gap assisted measurements the UE will have to switch from serving cell carrier to the other carrier (which could include change of e.g. SCS), perform the measurements and switch back again to the serving cell. The overall gap length in RAN4 is defined to include enough measurement time – excluding the switch time – to allow UE to measure the full SMTC. 
If BWP parameter changes, which also affect the phy processing like change of centre frequency, SCS etc), that could require longer interuptions, would be avoided when the BWP is changed, it could be further studied whether the BWP switching delays could be reduced. Therefore, we see that it should be possible for the UE also to adapt the number of MIMO layers better than the current BWP switch delay and interruption time requirements if only the maximum number of MIMO layers is changed as part of BWP switch i.e. other physical layer parameter changes, which also affect the physical layer, remain unchanged. Considering that Type 1 and Type 2 UEs have different switch delay capabilities, improvements could also be defined separately for Type 1 and Type UE.
Proposal 1: Develop improved DCI-based BWP switch delay requirements both for Type 1 and Type 2 UEs when only the maximum number of MIMO layers is changed as part of DCI-based BWP switch
In the last RAN1 meeting, different aspects related to per-BWP adaptation of DL MIMO layers were considered. Now as the baseline assumption today is that network is not aware of the number of RX chains present in the UE implementation, beyond the minimum needed to comply with the UE capability for support maximum number of layers for PDSCH and meeting the minimum UE requirements. Therefore, it can be considered that as long as the UE can meet the minimum requirements (e.g. based on the configuration), the number of RX chains UE applies is up to UE implementation. It is good to note that this aspect has been discussed number of times in RAN4 including the E-UTRA and UTRA requirements, where also the final number of active RX chains is left for UE implementation. Furthermore, as considered in the past in RAN4 (including the E-UTRA and UTRA specifications), the exact implementation of UE receiver algorithms (e.g. ‘advanced receivers’) are up to UE implementation. In our view, these same principles apply for the adaptation of the maximum number of MIMO layers for UE power saving purposes as well. Since this issue does not seem to be fully clear for all companies in RAN1, it would be beneficial if RAN4 informed RAN1 about its assumptions how the UE requirements are set without mandating a specific implementation or number of RX branches.

Proposal 2: Send LS to RAN1 [4] informing that adaptation of the number of receive antennas is up to UE’s implementation as long as the UE meets the minimum requirements developed in RAN4 i.e. certain UE implementation is not mandated but instead minimum requirements are defined.

Conclusions
In this contribution we have discussed how DCI-based BWP switch delay requirements could be improved in Rel-16 when only the maximum number of MIMO layers is changed as part of DCI-based BWP switch. Rel-15 UEs already have other more stringent RF switching and time mask requirements and when the physical layer processing due to large of number of physical layer parameter changes are avoided, the UE should be able to achieve much better switching performance. Therefore, we make the following proposal;
Proposal 1: Develop improved DCI-based BWP switch delay requirements both for Type 1 and Type 2 UEs when only the maximum number of MIMO layers is changed as part of DCI-based BWP switch
In the draft CR to TS38.133 in [3] we also propose an implementation of the previous RAN4 agreement to re-use the existing BWP switch delay and interruption requirements also for the UE power saving purposes when generic BWP switch is used for the maximum MIMO layer adaptation.
In the contribution we have also discussed that it would be beneficial to inform RAN1 that RAN4 is not mandating certain UE implementations but rather defines minimum requirements. Therefore, also the adaptation of the number of receive antennas is up to UE’s implementation as long as the UE meets the minimum requirements.
Proposal 2: Send LS to RAN1 [4] informing that adaptation of the number of receive antennas is up to UE’s implementation as long as the UE meets the minimum requirements developed in RAN4 i.e. certain UE implementation is not mandated but instead minimum requirements are defined.
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