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Introduction
RAN#84 updated the objectives of the Rel-16 UE Power Saving WID in [1]. The updated WID includes more detailed objectives for different UE power saving techniques and include number of RAN4 objectives for defining UE requirements for these different UE power saving techniques. 
One of the updated WID objectives is to specify UE adaptation to the maximum number of MIMO layers. Additionally RAN4 is tasked to evaluate if UE switching and interruption times are needed for UE dynamic adaptation to the maximum number of MIMO layers. 
	2) Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]
a) Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]
i) Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 

b) Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration  [RAN4]
Note: Switching on/off the RF is part of the evaluation



This contribution focuses on UE switching and interruption time evalution for UE dynamic adaptation to the maximum number of MIMO layers.
Discussion
The cell level maximum number of MIMO layers is currently signaled to the UE using the following RRC parameters both for DL PDSCH and UL PUSCH:
maxMIMO-Layers
Indicates the maximum MIMO layer to be used for PDSCH in all BWPs of this serving cell. (see TS 38.212 [17], clause 5.4.2.1).
maxMIMO-Layers
Indicates the maximum MIMO layer to be used for PUSCH in all BWPs of this serving cell (see TS 38.212 [17], clause 5.4.2.1). If present, the network sets maxRank to the same value.
In addition, for UL PUSCH transmission, also BWP specific configuration can also be given via maxRank.
For UE power saving purposes the maximum number of MIMO layers may be reduced temporarily. To avoid negative implications on throughputs and latencies change of the maximum number of MIMO layers from ‘reduced’ number of MIMO layers to ‘normal’ number of MIMO layers should happen rather fast i.e. rather dynamically. This means that delays and interruptions for this dynamic adaptation of the maximum number of MIMO layers or any other UE power saving related adaptation should be minimized so that this UE power saving technique will become feasible in the practical NR systems with high throughput and low latency requirements. This on the other hand means that RRC reconfigurations is not likely to be suitable for dynamic MIMO layer adaptation for UE power saving purposes due to its long delays. 
Observation 1: It is important to minimize switching delays and interruptions to make dynamic adaptation of the maximum number of MIMO layers (and other parameters) feasible in real deployments. 
As reflected in the WID objectives, in RAN2 meeting #106, RAN2 already agreed that also for DL transmission a BWP level configuration is to be supported, at least for initial and default BWP:
Agreements:
1. In addition to per cell MIMO layer configuration (already supported in Rel-15), another MIMO layer can be configured to the initial/default BWP.  FFS if we allow configuration per BWP. 
2. The UE applies another configuration of MIMO layer when the active BWP is switched to the initial /default BWP

Hence, the adaptation of the number of MIMO layers also in DL could be done in practice by switching UE from one BWP to another with different MIMO layer configuration. Furthermore, RAN1 and RAN2 may consider to extend this so that MIMO layer configuration can be defined generally per-BWP (not just initial/default) giving even more flexibility for changing the maximum number of MIMO layers and other parameters for UE for power saving purposes and changing it back for higher data transmission and reception. 
Prior to the WID updates RAN4#91 had agreed a WF on switching and interruption time for MIMO layer adaptation for power saving in [2]. Also in the RAN4 discussions and in [2] MIMO layer adaptation by use of BWP switching has been considered. The following steps were agreed in the WF [2] for evaluating switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers:
	· Companies are encouraged to analyze on the time components for MIMO layer adaption delay.
· Inputs from chipset vendors are highly anticipated.
· Study whether interruption time need to be specified for communications on active RF chains due to MIMO layer adaption.
· Confirm whether BWP switching requirement frame work can be reused.
· Study how to capture the requirements for MIMO layer adaption in the specifications.


BWP switching delay
The current UE minimum requirements for BWP switching depends on whether the BWP switch is RRC configured BWP switch or DCI based BWP switch. The RRC configured BWP switch delay requirements are much more relaxed:
TRRC_BWP_switch_delay = (TRRCprocessingDelay + TBWPswitchDelayRRC)/(NR Slot Length)
from the point when the RRC configuration message is received on UE side.
Thus the RRC based swithing delay accounting the RRC processing delay and the switching delay is in order of several ms (>10ms).
In addition to the RRC based BWP switching delay requirmenets, Rel-15 TS38.133 defines UE requirements for DCI based BWP switch delay when a UE is configured more than one BWP in Section 8.6 and its sub-sections. Based on these requirements a UE is not required to transmit UL signals or receive DL signals during time duration TBWPswitchDelay on the cell where DCI-based BWP switch occurs. The DCI-based BWP switch delays 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. Therefore, we see that it should be possible for the UE also to adapt the number of MIMO layers at least within the current DCI-based BWP switch delay requirements. Such switch of MIMO should even be feasible within the switching time assumed for measurement gaps – if not shorter.
Observation 2: Current RF requirements seem to indicate that hardware related latencies for MIMO layer adaptation will not exceed the BWP switching delay requirements.
The current DCI-based BWP switch time requirements in TS38.133 are defined assuming fully generic BWP switching cases where the requirements cover that any number of physical parameters, including subcarrier spacing and number of UL MIMO layers, can be changed. Therefore, it would seem feasible to keep the current DCI based BWP switch delay requirements unchanged when also the adaptation of maximum number of DL MIMO layers (in addition to UL) is introduced as a part of the BWP configuration. 
Proposal 1: The current UE DCI-based BWP switch delay requirements also apply in when the maximum number of DL MIMO layers is adapted as a part of the BWP.
It should also be evident that there is no need to extend the RRC based swithing delay either due to introducing maximum number of DL MIMO layers part of the BWP.
Considerations for future work
For changing the BWP configuration dynamically rather frequently to optimize the UE power consumption against the traffic it could be considered to seek for futher optimization, especially in the DCI based BWP switching delays. Especially if certain BWP parameter changes (affecting the phy processing e.g. 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. 
Proposal 2: RAN4 could consider reducing the BWP switching delays if limited set of parameters are changed.


Conclusions
In this contribution we have discussed and analyzed UE switching and interruption time requirement aspects for the MIMO layer adaptation for UE power saving purposes. Based on our analyses we make the following observations and proposals:
Observation 1: It is important to minimize switching delays and interruptions to make dynamic adaptation of the maximum number of MIMO layers (and other parameters) feasible in real deployments. 
Observation 2: Current RF requirements seem to indicate that hardware related latencies for MIMO layer adaptation will not exceed the BWP switching delay requirements.
Proposal 1: The current UE DCI-based BWP switch delay requirements also apply in when the maximum number of DL MIMO layers is adapted as a part of the BWP.
Proposal 2: RAN4 could consider reducing the BWP switching delays if limited set of parameters are changed.
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