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1. Introduction
In Rel. 16 NR standardization, maximum MIMO layer switching has been specified in RAN1 and RAN2 for UE power saving [1]. In this contribution, we discuss our views on RRM design for maximum downlink MIMO layer switching.
2. Discussion
Followings are agreements reached in the last RAN2 meeting [2]. It was agreed that maximum number of MIMO layers is configured per downlink BWP. In other words, maximum MIMO layers can be changed by using BWP configuration. Accordingly, RAN4 should specify MIMO layer switching delay and corresponding interruption as a part of active BWP switching. 
Agreements (RAN2 #107):
· Maximum number of MIMO layers can be configured at least per DL BWP including initial/default and others.  
· If maximum number of MIMO layers is configured for a BWP, the UE uses this value and ignores the cell-specific value provided in the PDSCH-ServingCellConfig IE, when operating in the BWP.
· If maximum number of MIMO layers is not configured for a BWP, the UE uses the cell-specific value provided in the PDSCH-ServingCellConfig IE, when operating in the BWP.

Proposal 1: RRM requirements for maximum MIMO layer switching should be specified as a part of active BWP switching delay and corresponding interruption.
Delay requirement for maximum MIMO layer switching
Delay requirements on Rel. 15 active BWP switching is specified in Sec. 8.6 in TS38.133. For DCI- and timer-based active BWP switching, delay requirement is presented as TBWPswitchDelay, which is designed as a function of SCS and UE capability. On the other hand, for RRC-based active BWP switching delay, the delay requirement is presented as slot n +, where TRRCprocessingDelay and TBWPswitchDelayRRC are the time for the RRC procedure delay and that used by the UE to perform BWP switch, respectively. 
Basically, all of parts in the above requirements could be referred for the delay requirement for maximum MIMO layer switching, i.e., TMaxMIMOlayerswitchDelay, TRRCprocessingDelay and TMaxMIMOlayerswitchDelayRRC could be considered. However, the values of some parts may need to be revisited. At first, the value of TRRCprocessingDelay could be the same since RRC procedure delay itself could be referred from [3]. Regarding TMaxMIMOlayerswitchDelay and TMaxMIMOlayerswitchDelayRRC, on the other hand, we need to discuss whether these values are the same as TBWPswitchDelay and TBWPswitchDelayRRC respectively.
Proposal 2: Delay requirement for max. MIMO layer switching should be specified as follows (parameter name is TBD).
· For DCI- and timer-based switching, TMaxMIMOlayerswitchDelay
· For RRC-based switching 
· Detailed values 
· TRRCprocessingDelay is the length of the RRC procedure delay in millisecond as defined in TS 38.331.
· FFS for TMaxMIMOlayerswitchDelay and TMaxMIMOlayerswitchDelayRRC
Interruption due to maximum MIMO layer switching
Followings are specifications on interruption due to active BWP switching for Rel. 15 EN-DC.
When UE receives a DCI indicating UE to switch its active BWP involving changes in any of the parameters listed in Table 8.2.1.2.7-2, the UE is allowed to cause interruption of up to X slot to other active serving cells if the UE is not capable of per-FR gap, or if the BWP switching involves SCS changing. When the BWP switch imposes changes in any of the parameters listed in Table 8.2.1.2.7-2 and the UE is capable of per-FR gap, the UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range wherein the UE is performing BWP switching. X is defined in Table 8.2.1.2.7-1. The starting time of interruption is only allowed within the BWP switching delay TBWPswitchDelay as defined in clause 8.6.2. Interruptions are not allowed during BWP switch involving other parameter change.
When a BWP timer bwp-InactivityTimer defined in TS 38.331 expires, UE is allowed to cause interruption of up to X slot to other active serving cells due to switching its active BWP involving changes in any of the parameters listed in Table 8.2.1.2.7-2 if the UE is not capable of per-FR gap, or if the BWP switching involves SCS changing. When the BWP switch imposes changes in any of the parameters listed in Table 8.2.1.2.7-2 and the UE is capable of per-FR gap the UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range wherein the UE is performing BWP switching. X is defined in Table 8.2.1.2.7-1. The starting time of interruption is only allowed within the BWP switching delay TBWPswitchDelay as defined in clause 8.6.2. Interruptions are not allowed during BWP switch involving other parameter change.
When UE receives an RRC reconfiguration that only requests UE to switch its active BWP on one single CC, the UE is allowed to cause interruption of up to X slot to other active serving cells due to switching its active BWP involving changes in any of the parameters listed in Table 8.2.1.2.7-2 if the UE is not capable of per-FR gap, or if the BWP switching involves SCS changing. When the BWP switch imposes changes in any of the parameters listed in Table 8.2.1.2.7-2 and the UE is capable of per-FR gap the UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range wherein the UE is performing BWP switching. X is defined in Table 8.2.1.2.7-1.The interruption is only allowed within the delay TRRCprocessingDelay + TBWPswitchDelayRRC defined in clause 8.6.3.

In Rel. 15 active BWP switching delay discussion, we divided switched parameters to BB-related and RF-related ones. BWP switching without RF parameter change can be performed with limited impact in terms of time duration of switching delay/interruption and affected frequency range. We understand that maximum MIMO layer can be at least categorized into RF parameter change and the delay and interruption time can be designed similar to RF parameter change in active BWP switching such as center frequency and bandwidth. In the RAN4 discussion regarding measurement gap, it is generally assumed that RF retuning takes 0.5 ms and 0.25 ms for FR1 and FR2, respectively. We need to consider whether these values can be a reference for maximum MIMO layer switching delay. For instance, if maximum MIMO layer switching causes turning on/off of the RF circuit, we might have different values from RF parameter switching that is specified in Rel. 15. In addition, if the time for turning on and off of RF circuit are different, we can consider different requirements between increasing and decreasing MIMO layers.
Proposal 3: If maximum MIMO layer switching evolves RF parameter change, interruption is designed based on Rel. 15 specifications on active BWP switching with RF parameter change.
Proposal 4: Study whether interruption time for Rel. 15 active BWP switching with RF parameter change can be reused for maximum MIMO layer switching, e.g., whether we can have different interruption time for increasing and decreasing maximum MIMO layers.

Impact of maximum downlink MIMO layer switching for uplink transmission
If maximum downlink MIMO layer switching doesn’t affect uplink UE process, it might be possible that switching delay and interruption is applied only for uplink transmission.
Proposal 5: Study whether maximum downlink MIMO layer switching affects uplink transmission.


3. Conclusion
In this contribution, we discussed our views on RRM design for maximum downlink MIMO layer switching. Our observations and proposal are shown as follows.
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Proposal 2: Delay requirement for max. MIMO layer switching should be specified as follows (parameter name is TBD).
· For DCI- and timer-based switching, TMaxMIMOlayerswitchDelay
· For RRC-based switching 
· Detailed values 
· TRRCprocessingDelay is the length of the RRC procedure delay in millisecond as defined in TS 38.331.
· FFS for TMaxMIMOlayerswitchDelay and TMaxMIMOlayerswitchDelayRRC
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