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1.	Introduction
A part of the work item “NR MR-DC WID” [1] is to define timelines for Scell dormancy behavior. According to the agreed WF [2], RAN4 will initially defines dormancy switch delay requirements for one SCell, and the discussion will extend to multiple SCells change between dormancy and non-dormancy. Detailed discussion scope has been suggested as below:
Dormancy BWP switch delay requirements to be discussed further:
· Option 1: Re-use existing Rel-15 BWP switch delay requirements
· Option 2: Type-1 Rel-15 BWP switch delay requirements apply with conditions,
· otherwise Type-2 BWP switch delay requirements apply
· RAN4 to discuss further the possible conditions for when Type-1 BWP switch delay applies.
· Other options not precluded
Discuss the UE interruption requirements for a dormancy SCell.
· FFS: interruption due to Switching between SCell dormancy and non-dormancy 
· FFS: interruption due to CSI and RRM measurement when UE is in SCell dormancy
· Other requirements are not precluded

In this contribution, we provide our view on the scenarios for which RAN4 needs to define requirements.
2. 	Discussion
There has been spec evolution to improve an efficiency and latency of SCell configuration, addition, activation, and setup since LTE Rel-15 euCA. In LTE euCA, SCell activation and its application time has been reduced by up to 33% using SCell dormancy state which doesn’t require additional time for initial CQI measurement time and CQI reporting. Characteristics of SCell dormant state can be summarized as below:
· No PDCCH  Monitoring on SCell 
· No Active PDSCH/PUSCH data transfer on SCell 
· No UL SRS, RACH,PUCCH Transmission
· SCell supporting PUCCH are not allowed to be configured in Dormant State
· Dormant SCell follows PCell DRX for CQI/RRM measurement report triggering
· CRS based periodic CQI measurements and reporting + RRM Measurements
· Allows UE to maintain SCell CQI loops in steady state and enables UE to quickly transition from SCell Dormant state to legacy SCell activated state
· eNB can use Dormant state CQI reports to determine which SCells to activate and start scheduling immediately after activation based on Dormant state CQI reports
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Figure 1. An illustration of SCell activation latency reduction in LTE euCA via Dormant SCell

In Rel-16 NR, in order to enhance SCell activation latency while minimizing UE power consumption, it was agreed to adopt euCA Dormancy state as much as possible. And to minimize spec work, it was also agreed to leverage BWP based configuration for SCell Dormancy realization. UE behavior in Dormancy BWP is summarized in Table 1.
Table 1. UE behavior in Dormancy BWP
	DL dormancy behavior
	UL dormancy behavior

	· stop monitoring PDCCH
· continue performing CSI measurements, AGC and beam management
· stop monitoring cross-carrier scheduling PDCCH associated with dormant BWP SCell
· BFD in dormancy SCell and BFR in available serving cells except from dormant BWP
	· stop any UL transmission
· suspend any configured uplink grant Type 1
· clear any configured uplink grant of configured grant Type 2



It should be noted that SCell activation latency reduction mainly comes from the second DL dormancy behavior “continue performing periodic and/or semi-persistent CSI measurement and report” in Table 1, which means dormant and non-dormant BWP should be configured in such a way that reported CQI from Dormancy BWP can be used when scheduling data on non-dormancy BWP immediately after BWP switch indication. 

Proposal 1: For RAN4 requirements in terms of BWP switching latency between dormancy and non-dormancy and associated interruption, if defined, dormancy BWP and non-dormancy BWP explicitly configured by RRC should be configured as follows
· the two BWPs are configured in such a way that report CSI on dormancy BWP can be used when UE BWP has switched to non-dormancy BWP, e.g., CSF, #max layers per DL BWP, etc.
· FFS

There are multiple ways in which the UE can be configured to move in and out of a dormant BWP. The two high-level scenarios where this is applicable is during inside active time and outside active time. And autonomous BWP switch based on configured time may also be supported, which, however, only applies to BWP switch from non-dormancy to dormancy. Details about DCI based BWP transition in and out of dormancy is summarized below.
· DCI 0-1 and 1-1 based SCell Group dormancy indication (Case-1)
· DCI is transmitted on primary cell. It schedules data for primary cell and provides SCell dormancy indication
· 𝑁 (0≤𝑁≤5) SCell groups are configured for the UE
· SCell dormancy indication is a bitmap of 𝑁 bits each corresponding to one SCell group
· DCI 1-1 based SCell dormancy indication (Case-2)
· DCI is transmitted on primary cell. It only provides SCell dormancy indication
· SCell dormancy indication field is a bitmap of M bits where M is the number of configured Scells for the UE, and each bit in the bitmap corresponds to one configured SCell
· HARQ-ACK is supported for UE to confirm the reception of Case 2 PDCCH
· DCI 2-6 based SCell Group dormancy indication (WUS)
· DCI is transmitted on primary cell. SCell dormancy indication field is a bitmap with up to 5 bits (i.e., up to 5 SCell groups), 1 bit per group of configured SCells, the exact number of bits is based on configuration
· SCell group configuration is independent from the SCell group configuration for dormancy indication within active time
· There is a gap from the end of WUS and the start of associated DRX on-duration

As RAN4 is supposed to define Application delay for transitions between dormant BWP and non-dormant BWP and associated interruption, we provide a high-level timeline for SCell activation in Rel-15 and -16. In Figure 2, T1 and T2 are as follows:
· T1: 3msec (Section 10.1 in TS38.213)
· T2: 20msec (1 SMTC) or 40msec (2 SMTCs) + 2msec of margin for known cell in FR1
And if we consider Tswitch won’t be larger than UE’s BWP switch delay, SCell activation and application latency reduction is already better than euCA. Therefore, another reduction for dormancy BWP switch delay compared to UE’s BWP switch delay may not be really necessary. However, as there are proposals to further optimize the latency, we propose to discuss it in detailed scenario taking into account other aspects, e.g. BWP switch indication mechanism, Frequency Range, and so on. And as a first step, RAN4 should start defining requirements for one SCell, then extend it to multiple SCells. 
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Figure 2. An illustration of SCell activation latency reduction in NR via Dormancy BWP

Proposal 2: For the following scenarios, RAN4 to discuss whether and how to define requirements in terms of BWP switch delay between dormancy and non-dormancy and/or interruption time
· Inside active time
· DCI 0-1 and 1-1 based SCell Group dormancy indication (Case-1)
· BWP switch delay between dormancy and non-dormancy = X1
· Interruption time due to BWP switching between dormancy and non-dormancy = Y
· X1 <= Rel-15 BWP switch delay requirements
· FFS on impact on scheduled channels due to interruptoin
· DCI 1-1 based SCell dormancy indication (Case-2)
· BWP switch delay between dormancy and non-dormancy = X2
· Interruption time due to BWP switching between dormancy and non-dormancy = Y
· Impact on HARQ-ACK delay relaxation needs to be taken into account
· Outside active time
· DCI 2-6 based SCell Group dormancy indication (WUS)
· BWP switch delay between dormancy and non-dormancy = X3
· Interruption time due to BWP switching between dormancy and non-dormancy = Y
· FFS on how to incorporation a gap from the end of WUS and the start of associated DRX on-duration in X3 and Y, e.g. X3 and Y can fall into the gap depending on configured gap
· Timer based switch
· BWP switch delay from non-dormancy to dormancy = X4
· Interruption time due to CSI and RRM measurement on dormant BWP = Y and FFS on how frequently it can be allowed
· Here,
· Xi can be different for SCS and/or FR1 and FR2
· Y can be different for SCS and/or FR1 and FR2
· Y for intra-band >= Y for inter-band
· Xi and Y for BWP switch on multiple SCells >= Xi and Y for BWP switch on a SCell
· FFS on whether and how much CQI and/or measurement requirements need to be relaxed
3.	Conclusion
We reviewed Rel-15 euCA and concluded that dormancy and non-dormancy BWPs should share common aspects to maximize SCell activation/application delay and minimize UE power consumption. Also, we observed that NR SCell activation/application latency improvement is already better than that in euCA even with the current BWP switch delay latency. Based on this, we propose:
Proposal 1: For RAN4 requirements in terms of BWP switching latency between dormancy and non-dormancy and associated interruption, if defined, dormancy BWP and non-dormancy BWP explicitly configured by RRC should be configured as follows
· the two BWPs are configured in such a way that report CSI on dormancy BWP can be used when UE BWP has switched to non-dormancy BWP, e.g., CSF, #max layers per DL BWP, etc.
· FFS
Proposal 2: For the following scenarios, RAN4 to discuss whether and how to define requirements in terms of BWP switch delay between dormancy and non-dormancy and/or interruption time
· Inside active time
· DCI 0-1 and 1-1 based SCell Group dormancy indication (Case-1)
· BWP switch delay between dormancy and non-dormancy = X1
· Interruption time due to BWP switching between dormancy and non-dormancy = Y
· X1 <= Rel-15 BWP switch delay requirements
· FFS on impact on scheduled channels due to interruptoin
· DCI 1-1 based SCell dormancy indication (Case-2)
· BWP switch delay between dormancy and non-dormancy = X2
· Interruption time due to BWP switching between dormancy and non-dormancy = Y
· Impact on HARQ-ACK delay relaxation needs to be taken into account
· Outside active time
· DCI 2-6 based SCell Group dormancy indication (WUS)
· BWP switch delay between dormancy and non-dormancy = X3
· Interruption time due to BWP switching between dormancy and non-dormancy = Y
· FFS on how to incorporation a gap from the end of WUS and the start of associated DRX on-duration in X3 and Y, e.g. X3 and Y can fall into the gap depending on configured gap
· Timer based switch
· BWP switch delay from non-dormancy to dormancy = X4
· Interruption time due to CSI and RRM measurement on dormant BWP = Y and FFS on how frequently it can be allowed
· Here,
· Xi can be different for SCS and/or FR1 and FR2
· Y can be different for SCS and/or FR1 and FR2
· Y for intra-band >= Y for inter-band
· Xi and Y for BWP switch on multiple SCells >= Xi and Y for BWP switch on a SCell
· FFS on whether and how much CQI and/or measurement requirements need to be relaxed
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