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1. Introduction

The RRM requirements for SCell dormancy are discussed in RAN4#95-e, and the outcomes are captured in [1]. The remaining issues are 
· Delay requirements for dormancy switch within DRX active time
· Baseline dormancy switch within DRX active time when DCI comes after the 1st 3 symbols
· Whether/how to introduce optimized delay requirements 
· Interruption requirements for dormancy switch within DRX active time
· Delay and interruption requirements outside DRX active time
· Interruption requirements for RRM/CSI measurement during dormancy

· Dormancy switch on multiple CCs
In this paper we will provide our views on the remaining issues in SCell requirements.
2. Discussion
2.1. Delay requirements for dormancy switch within DRX active time
2.1.1. Baseline requirements
	· For DCI-based triggering with DCI received in any of the first X OFDM symbols of a slot, and for timer-based triggering, the switching delay for transition from non-dormancy to dormancy is given by Table 8.6.2-1.
· For DCI-based triggering with DCI received after the first X OFDM symbols of a slot, if applicable, the switching delay for transition from non-dormancy to dormancy is given by Table 8.6.2-1 plus Z additional slot(s).
· For value of X:
· Option 1a: X = 3 symbols
· Option 1b: X = 7 symbols
· For value of Z:
· Option 2a: Z = 1 slot in numerology for the spCell in which the triggering DCI was received
· Option 2b: Z = 1 slot in the numerology for the SCell for which the transition is triggered 
· In case SCS differs between spCell and SCell, the switching delay, except for Z slot(s), associated with the smaller SCS applies.


Dormancy switch triggered with cross-carrier scheduling

It was agreed to reuse the Rel-15 BWP switch delay requirement for baseline requirements at least when the DCI triggering dormancy switch is received in the first 3 OFDM symbols of a slot. However, one problem here is that dormancy switch can be triggered via cross-carrier scheduling (e.g. DCI on PCell and dormancy switch on SCell), while Rel-15 BWP switch requirements were defining without considering cross-carrier scheduling scenario.
As the BWP switch delay TBWPswitchDelay is defined from the beginning of the slot where DCI is received, and UE only starts BWP switching after it decodes the DCI, TBWPswitchDelay is impacted by the time for UE waiting and processing the DCI. There are some specific issues with cross-carrier scheduling that could make the BWP switch requirement different from self-scheduling scenario.
· UE internal signalling delay for cross-CC communication: Different serving cells may work on different hardware/software resources internally in the UE. There could be some signalling delay for cross-CC communication, which means the start of processing for BWP switching could be later when the DCI is received on a different cell (cross-carrier scheduling case) compared to the case when DCI is received on the same cell where BWP switch occurs (self-scheduling case).
· Receive time difference between CCs: If the timing of scheduled cell is earlier than the scheduling cell, the time left for UE processing is reduced by the receive time difference. For inter-band CA the MRTD can be 33us for FR1-FR1 CA and 25us for FR1-FR2 CA. The time is non-negligible especially for large SCS where the requirement is already tight.

· Different SCS between scheduling cell and scheduled cell
· Case 1: SCS of scheduling cell is smaller than SCS of scheduled cell

As shown in Figure 1, where DCI on scheduling cell with 15kHz SCS triggers BWP switch on scheduled cell with 120kHz SCS, the end of the scheduling DCI is on symbol #9 of slot #(n+1) on scheduled cell. This means quite some UE processing time would be lost due to the long DCI duration, since for self-scheduling case, the DCI would end at symbol#3 of slot #n.
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Figure 1: Cross carrier scheduled BWP switch (scheduling CC 15kHz and scheduled CC 120kHz)

· Case 2: SCS of scheduling cell is larger than SCS of scheduled cell

As shown in Figure 2, where DCI on scheduling cell with 120kHz SCS triggers BWP switch on scheduled cell with 15kHz SCS, the end of the scheduling DCI is on symbol #12 of slot #m on scheduled cell. The start point of BWP switch should be determined by the scheduling cell, i.e. slot #(n+7) in case of Figure 2, instead of slot #m. On the other hand, in this case, the DCI duration is shorter compared to self-scheduling case, which can compensate the loss of processing time due to UE internal signalling delay for cross-CC communication and receive time difference between CCs.
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Figure 2: Cross carrier scheduled BWP switch (scheduling CC 15kHz and scheduled CC 120kHz)

Based on above analysis, we suggest that for cross-carrier scheduling case and if SCS of scheduling cell is equal to or smaller than SCS of scheduled cell, the dormancy switch delay is relaxed by Y=1 slot with respect to the SCS of the scheduled cell, compared to the current BWP switch delay requirement in Rel-15.
Proposal 1-1: For the baseline requirements and dormancy switch within DRX active time, when DCI is received in the first 3 symbols of a slot, the dormancy switch delay TDormancy_normalDCI is 
· For self-scheduling case: TBWPswitchDelay (Rel-15 BWP switch delay defined in Table 8.6.2-1 of 38.133) 

· For cross-carrier scheduling case: 

· If SCS of scheduling cell is larger than SCS of scheduled cell: TBWPswitchDelay
· If SCS of scheduling cell is equal to or smaller than SCS of scheduled cell: TBWPswitchDelay+Y, where Y=1 slot with respect to the SCS of the scheduled cell
· The start point of the dormancy switch is the beginning of the slot where UE receives the DCI on the scheduling cell
· TBWPswitchDelay corresponds to the smallest SCS among the scheduling cell and the schedule cell.
Dormancy switch with DCI received later than first 3 symbols
Per RAN1 agreement, for dormancy switch the DCI could be sent later than the first 3 OFDM symbols in a lot on the scheduling cell. In RAN4#95-e, it was agreed to relax the current BWP switch requirement by Z=1 slot if the DCI is received after the first X symbols in a slot.
For value of X, the Rel-15 BWP switch requirements are defined based on the assumption that the DCI triggering BWP switch is received in the first 3 OFDM symbols of a slot. If DCI is received after the first 3 OFDM symbols, the late arrival of DCI means UE would complete DCI decoding later compared to the case where DCI is sent in the first 3 OFDM symbols, and the start of the processing for BWP switch would be also delayed, so there may be insufficient time for UE to complete the BWP switch related processing based on current requirements. 
For example, as shown in Figure 3 which illustrates the BWP switch timeline for 15kHz case with self-scheduling, the processing time when DCI is received in the first 3 symbols is 785.4us. If we follow the current requirements, the processing time would be only 500us when DCI is received in the first 7 symbols.
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Figure 3: Illustration of BWP switch timeline with DCI taking different number of symbols
RAN4 can of course discuss the exact value for X, e.g. for different SCS-es and different UE capability types. However, this will take a lot of time to check and make the specification complicated, especially if we further consider cross-carrier scheduling case with different SCS among scheduling cell and scheduled cells. On the other hand, we do not see it as an important use case to optimize, so we suggest to adopt X=3 which is the assumption for the current requirements. 
When DCI is received after the first X symbols, it is agreed to add Z=1 slot in the delay requirements, but the question is which numerology Z is with respect to. In our view, since Z is to account for the late arrival of DCI, it should correspond to the SCS of the scheduling cell. Technically, it means if DCI is received after the first 3 symbols of a slot on the scheduling cell, from delay requirement point of view, the start of the BWP switch is postponed to the next slot on the scheduling cell.
Proposal 1-2: For baseline requirements and dormancy switch within DRX active time, when DCI is received after the first X=3 symbols of a slot, the dormancy switch delay TDormancy_LateDCI is TDormancy_normalDCI +Z, where Z=1 slot with respect to the SCS of the scheduling cell.
2.1.2. Optimized requirements

	· Option 1: Only introduce generic requirements. Optimizations can be introduced as future enhancements.
· Option 2: Rel-15 Type-1 BWP switch delay apply for dormancy switch if only parameters for PDCCH monitoring and CSI-RS reporting differ between regular BWP and dormant BWP.


In our view, it would be desirable to define the optimized delay requirements for dormancy switch in Rel-16. We understand this is a quite valid use case, i.e. when network intends to enable UE power saving, it could configure a dormant BWP which is copying the configurations of the regular BWP except for some PDCCH and CSI reporting related configurations. 

It should be noted that the transition delay between dormancy and non-dormancy, especially from dormancy to non-dormancy, will impact the usability of the SCell. 1-2ms is not small considering FR2, where UE may even finish the data session within this time given the large BW. The shorter the delay is, the more likely is the network to move UE into dormancy, and the more power saving gain UE can get. The usefulness or attractiveness of the dormancy feature may be compromised if we do not define optimized delay in Rel-16.
On the other hand, as the baseband change in BWP switching only involves e.g. PDCCH monitoring and CSI reporting configurations, UE should be able to finish the switching faster than normal BWP switching, which e.g. involves RF and SCS changes. In our view, the current delay requirements defined for type-1 UE capability can be applied. 

Proposal 2: Rel-15 Type-1 BWP switch delay apply for dormancy switch if only parameters for PDCCH monitoring and CSI-RS reporting differ between regular BWP and dormant BWP.

2.2. Interruption requirements for dormancy switch
	· Option 1: Rel-15 BWP switch interruption requirements apply for dormancy switch triggered within DRX active time. Interruption additionally allowed for toggling RF on/off.
· Option 2: Interruption length as in Table 8.2.2.2.5-1 applies. The interruption time window is confined within the BWP switching delay for transition between dormancy and non-dormancy. If UE is capable of per-FR gap, UE is allowed to cause interruption of up to X slot to other active serving cells in the same frequency range. If UE is not capable of per-FR gap, UE is allowed to cause interruption of up to X slot to other active serving cells. Interruptions are allowed regardless of which parameters change between dormancy and non-dormancy.
· Option 3: Follow normal BWP change interruption requirements, i.e., no interruption when neither of locationAndBandwidth, nrofSRS-Ports, maxMIMO-Layers, or SCS, changes.  


First of all, for dormancy switch, interruption should be always allowed since UE may turn on/off the RF chain when entering/leaving the dormancy. This is different from Rel-15 BWP switch where RF re-tuning may or may not be needed. 
In Rel-15 requirements, for BWP switch involving SCS change, the interruption is allowed on all active serving cells regardless of whether UE supports per FR gap or not. The reason is that SCS change may cause re-allocation of UE baseband processing resources that are not limited to a particular FR, as discussed in [2]. The same reason also applies for dormancy switch.
In Rel-15 requirements, there is no interruption window defined, but the start of the interruption is only allowed within the BWP switch delay. We understand the interruption window is with respect to the timing of the victim cell, and if so, it is difficult to confine the whole interruption in the BWP switch delay, as there can be receive timing difference between the switching cell and the victim cell. We suggest to follow the Rel-15 requirements to define the time of the interruption,

Proposal 3: For dormancy switch within DRX active time, interruption is always allowed. If the dormancy switch involves SCS change, the interruption is allowed on all active serving cells. The start of the interruption is only allowed within the dormancy switch delay.
2.3. Dormancy switch outside DRX active time

	For switch delay:
· Option 1: Same set of switch delay requirements shall apply for triggering outside active time (DCI 2_6) as for triggering inside active time (e.g. DCI 0_1).
· Option 2: BWP switch delay for scheduled and non-scheduled DCI dormancy switch delay would be covered by the DCI BWP switch delay requirement. WUS based dormancy BWP switch does not lead to visible switch delay provided the WUS is received early enough before On-duration.
· Option 3: RAN4 to further wait for RAN1 conclusion to see if visible delay and interruption requirements are needed.
For switch interruption:
· Option 1: Same interruption requirement apply for triggering outside as for inside active time.
· Option 2: RAN4 to wait for RAN1 conclusions before defining interruption requirements for dormancy switch triggered outside DRX active time.


For dormancy switch triggered outside DRX active time, the delay requirements should be based on when UE is expected to take actions related to BWP switch, which is under discussion in RAN1. There are at least two cases where RAN1 conclusion may impact RAN4 requirements.

· Case 1: the gap between the dormancy switch indication and the next on-duration is larger than the BWP switch delay. In this case, if we follow the same requirements as for within DRX case, UE is still required to be ready for receiving after BWP switch delay. However, this is completely unnecessary because the UE will not be scheduled by the network until the next on-duration.

· Case 2: the gap between the dormancy switch indication and the next on-duration is smaller than the BWP switch delay. In this case, there will be visible delay and interruption due to the dormancy switch, which means in the next on-duration the first several OFMD symbols on the switching CC may not be schedulable, and the first several OFMD symbols on the other active CCs may be interrupted. RAN1 is currently discussing if this case would be allowed, and if it is excluded, there will be no visible delay or interruption due to dormancy switch outside DRX active time.
Proposal 4: For baseline requirements and dormancy switch outside DRX active time, RAN4 to further wait for RAN1 conclusion to see if visible delay and interruption requirements are needed.

2.4. Interruption due to RRM/CSI measurement during dormancy

	· Option 1: The legacy principle of LTE can be reused and total interruption requirements for CSI and RRM measurement during SCell dormancy shall not exceed a particular percentage value.
· Option 2: For Interruptions due to SSB-based measurements and CSI-RS reception,
· Interruptions are allowed with up to X% probability of missed ACK/NACK with the following conditions
· The UE is only allowed to cause interruptions immediately before and after an SMTC. Each interruption shall not exceed requirement in Table 8.2.2.2.2-1 if victim cells are not in the same band as the aggressor SCell. Each interruption shall not exceed requirement in Table 8.2.2.2.2-2 if victim cells is in the same band as the aggressor SCell.
· Interruptions are allowed with up to Y% probability of missed ACK/NACK with the following conditions
· The UE is only allowed to cause interruptions immediately before and after an CSI-RS OFDM symbol. Each interruption shall not exceed requirement in Table 8.2.2.2.2-1.


When UE is in dormancy, it may switch off the RF chain for the SCell to save power. In this case, when the measurement occasion for RRM and CSI measurement comes, UE needs to switch on the RF chain and in case of long sleep time also perform AGC search, and both may cause interruption to active serving cells.

On the other hand, the interruption should also be limited in order to not cause big impact to the system. It can be expected that if the interruption is too much, there would be little motivation for both network and UE to use this feature. Therefore, it is meaningful to define the limit on the percentage of interrupted slots, and we think 0.5% from LTE is a good starting point.

In RAN4#95-e, some companies proposed to also define requirements on the interruption location and/or duration. In our view, this is unnecessary and will limit UE implementation. 

· The impact to system performance will be well controlled if the interruption rate is limited, and defining the interruption location/duration may not help the network. For example, even we define interruption location around the SMTC window, it does not mean network should avoid scheduling the UE around the SMTC window – the SMTC window may come with 40ms periodicity, but it is clear that UE will not cause interruption around every SMTC window (because the interruption rate would be exceeded).

· On the other hand, when UE switches on/off the RF and which RS is used for AGC are up to UE as long as the measurement requirements and interruption requirements are met. 

Proposal 5: RAN4 to specify the interruption requirements for CSI and RRM measurement during SCell dormancy by defining the limit on the percentage of interrupted slots as [x]%, where x=[0.5].
2.5. Dormancy switch on multiple CCs
The requirements for multi-CC BWP switch are under discussion in RRM Enhancement WI. For DCI based BWP switch, the delay requirements are defined in clause 8.6.2A including both simultaneous and non-simultaneous triggered cases. 
In the simultaneous case the delay is defined as TMultipleBWPswitchDelay, which includes the time for single CC BWP switch and the incremental time due to parallel BWP switch on other CCs. In our view, TMultipleBWPswitchDelay can be used as the baseline requirements for multi-CC dormancy switch in case the DCI indicating the switch is received in the first 3 symbols, and TMultipleBWPswitchDelay + Z for the case when the DCI is received after the first 3 symbols, where Z=1 slot refers to the SCS of the scheduling cell. We assume the cross-carrier scheduling case, i.e. the X=1 slot relaxation when SCS of scheduling cell is equal to or smaller than the SCS of scheduled cell, is already accounted in TMultipleBWPswitchDelay.
In the non-simultaneous case the delay is independently defined for different FRs assuming UE supports per FR gap, which is same as single CC BWP switch or simultaneous multi-CC BWP switch. The requirements can be directly reused for non-simultaneous multi-CC dormancy switch. 
The interruption for multi-CC BWP switch is defined such that BWP switch on each CC is allowed to cause an interruption which is same as single CC BWP switch interruption. Following the same principle, in case of multi-CC dormancy switch, interruption as defined for single CC dormancy switch is allowed for each dormancy switch.
Proposal 6: For multi-CC dormancy switch 
· The baseline delay requirements is defined as TMultipleBWPswitchDelay or TMultipleBWPswitchDelay+Z for simultaneous case, 
· The interruption as defined for single CC dormancy switch is allowed for each dormancy switch.
2.6. Reply to R1-2005081
In [3] RAN4 receives some questions from RAN1 related to SCell dormancy requirements. 
	1. RAN1 requests RAN4 to inform RAN1 of the current RAN4 agreements/discussion (if any) for below cases including whether RAN4 is developing RF/RRM requirements for these cases

a. case when DCI with SCell dormancy indication is received on primary cell within first three symbols of a slot, and indicates a BWP change on SCell(s) with same/different SCS as that of primary cell

b. case when DCI with SCell dormancy indication is received on primary cell later than first three symbols of a slot, and indicates a BWP change on SCell(s) with same/different SCS as that of primary cell.


In [1] RAN4 already considered the above cases mentioned by RAN1, where dormancy switch on SCC is triggered by PCC with cross-carrier scheduling, with same or different SCS and with DCI received in or after the first 3 OFDM symbols. Our discussion in section 2.1.1 also covers all these cases.
	2. RAN1 requests RAN4 to inform RAN1 if there are any differences in RF/RRM requirements between case when DCI with SCell dormancy indication is received with DCI format 2_6 and case when DCI with SCell dormancy indication is received with DCI format 0_1/1_1. 


Technically, the dormancy switch delay and interruption should be same for DCI 2-6 and DCI 0-1/1-1. As discuss in section 2.3, the need for RAN4 requirements in case of DCI 2-6 depends on whether there is visible delay and interruption for dormancy switch triggered outside DRX active time, which further depends on RAN1 conclusion.
	3. RAN1 requests RAN4 to inform RAN1 of cases (if any) where the RF/RRM requirements for switching between dormant and non-dormant BWP are different from the requirements for switching between two non-dormant BWPs, and whether the requirements for either of these cases will be  different from Rel15 DCI based BWP switching.


As discussed in section 2.1.1 and 2.1.2, the dormancy switch (switching between dormant and non-dormant BWP) delay could be different from the regular BWP switch (switching between two non-dormant BWPs) delay defined in Rel-15 in cases where

· Dormancy switch is triggered with cross-carrier scheduling, and the SCS of scheduling cell is equal to or smaller than the SCS of scheduled cell
· The DCI for the dormancy switch is received after the first 3 OFDM symbols of a slot in the scheduling cell, or

· Configurations between the dormant BWP and the normal BWP differ only in PDCCH monitoring and CSI reporting related parameters 

· Dormancy switch on multiple CCs are triggered via one DCI

For regular BWP switch (switching between two non-dormant BWPs), we understand delay in Rel-16 could be different from that in Rel-15 in cases where

· BWP switch is triggered with cross-carrier scheduling, and the SCS of scheduling cell is equal to or smaller than the SCS of scheduled cell
· BWP switch on multiple CCs are triggered via one DCI

We assume DCI for the regular BWP switch is always received within the first 3 OFDM symbols of a slot.
Based on the above discussions, we provide the draft LS reply in the Annex.
3. Conclusions

In this paper we provided our views on the requirements for SCell dormancy.
Proposal 1-1: For the baseline requirements and dormancy switch within DRX active time, when DCI is received in the first 3 symbols of a slot, the dormancy switch delay TDormancy_normalDCI is 

· For self-scheduling case: TBWPswitchDelay (Rel-15 BWP switch delay defined in Table 8.6.2-1 of 38.133) 

· For cross-carrier scheduling case: 

· If SCS of scheduling cell is larger than SCS of scheduled cell: TBWPswitchDelay
· If SCS of scheduling cell is equal to or smaller than SCS of scheduled cell: TBWPswitchDelay+Y, where Y=1 slot with respect to the SCS of the scheduled cell
· The start point of the dormancy switch is the beginning of the slot where UE receives the DCI on the scheduling cell

· TBWPswitchDelay corresponds to the smallest SCS among the scheduling cell and the schedule cell.
Proposal 1-2: For baseline requirements and dormancy switch within DRX active time, when DCI is received after the first X=3 symbols of a slot, the dormancy switch delay TDormancy_LateDCI is TDormancy_normalDCI +Z, where Z=1 slot with respect to the SCS of the scheduling cell.
Proposal 2: Rel-15 Type-1 BWP switch delay apply for dormancy switch if only parameters for PDCCH monitoring and CSI-RS reporting differ between regular BWP and dormant BWP.

Proposal 3: For dormancy switch within DRX active time, interruption is always allowed. If the dormancy switch involves SCS change, the interruption is allowed on all active serving cells. The start of the interruption is only allowed within the dormancy switch delay.
Proposal 4: For baseline requirements and dormancy switch outside DRX active time, RAN4 to further wait for RAN1 conclusion to see if visible delay and interruption requirements are needed.

Proposal 5: RAN4 to specify the interruption requirements for CSI and RRM measurement during SCell dormancy by defining the limit on the percentage of interrupted slots as [x]%, where x=[0.5].
Proposal 6: For multi-CC dormancy switch 

· The baseline delay requirements is defined as TMultipleBWPswitchDelay or TMultipleBWPswitchDelay+Z for simultaneous case, 

· The interruption as defined for single CC dormancy switch is allowed for each dormancy switch.
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5. Annex A: Draft reply LS to R1-2005081

	1. RAN1 requests RAN4 to inform RAN1 of the current RAN4 agreements/discussion (if any) for below cases including whether RAN4 is developing RF/RRM requirements for these cases

a. case when DCI with SCell dormancy indication is received on primary cell within first three symbols of a slot, and indicates a BWP change on SCell(s) with same/different SCS as that of primary cell

b. case when DCI with SCell dormancy indication is received on primary cell later than first three symbols of a slot, and indicates a BWP change on SCell(s) with same/different SCS as that of primary cell.

[RAN4] RAN4 has defined RRM requirements for the dormancy switch for all cases mentioned above. The delay requirements are defined in clause 8.6.2 of 38.133 for dormancy switch on single CC and in clause 8.6.2A for dormancy switch on multiple CCs.
2. RAN1 requests RAN4 to inform RAN1 if there are any differences in RF/RRM requirements between case when DCI with SCell dormancy indication is received with DCI format 2_6 and case when DCI with SCell dormancy indication is received with DCI format 0_1/1_1.

[RAN4] Technically, the dormancy switch delay and interruption are same for DCI 2-6 and DCI 0-1/1-1. However, the need for RAN4 requirements in case of DCI 2-6 depends on whether there is visible delay and interruption for dormancy switch triggered outside DRX active time. Therefore, RAN4 kindly asks RAN1 to clarify the time point when UE is expected to apply the dormancy switch, and whether the dormancy switch delay could overlap with the next DRX on-duration after the dormancy indication.
3. RAN1 requests RAN4 to inform RAN1 of cases (if any) where the RF/RRM requirements for switching between dormant and non-dormant BWP are different from the requirements for switching between two non-dormant BWPs, and whether the requirements for either of these cases will be  different from Rel15 DCI based BWP switching.

[RAN4] The dormancy switch (switching between dormant and non-dormant BWP) delay could be different from the regular BWP switch (switching between two non-dormant BWPs) delay defined in Rel-15 in cases where

· Dormancy switch is triggered with cross-carrier scheduling, and the SCS of scheduling cell is equal to or smaller than the SCS of scheduled cell

· The DCI for the dormancy switch is received after the first 3 OFDM symbols of a slot in the scheduling cell, or

· Configurations between the dormant BWP and the normal BWP differ only in PDCCH monitoring and CSI reporting related parameters 

· Dormancy switch on multiple CCs are triggered via one DCI

For regular BWP switch (switching between two non-dormant BWPs), the delay in Rel-16 could be different from that in Rel-15 in cases where

· BWP switch is triggered with cross-carrier scheduling, and the SCS of scheduling cell is equal to or smaller than the SCS of scheduled cell

· BWP switch on multiple CCs are triggered via one DCI

RAN4 assumes that DCI for the regular BWP switch is always received within the first 3 OFDM symbols of a slot.
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