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1	Introduction
RAN1 made significant progress for dormancy in previous meeting as per RAN guidance. It should be noted that dormancy behaviour is also part of UE power saving WI as the dormancy behaviour is possibly triggered by WUS signalling when UE is not in active time. Below is list of RAN1 agreements in this aspect:
Agreements:
· When the UE is outside Active Time, for the L1 based mechanism for transitioning from ’dormancy-like’ to ’non-dormancy like’ behaviour on activated Scells, an explicit information field for the UE is introduced to the PDCCH WUS
· The explicit information field is configurable within a range of 0 to X1 bits
· X1 <<15
· FFS whether to use BWP framework for transitioning from dormany to non-dormancy
· FFS the case of ’non-dormancy-like’ to ’dormancy like’ transition
· When the UE is in the Active Time, for the L1 based mechanism for transitioning between ’dormancy-like’ and ’non-dormancy like’ behaviour on activated Scells, an explicit information field is newly introduced to at least DCI formats 0-1 and 1-1 for the primary cell
· The explicit information field is configurable within a range of 0 to X2 bits
· X2 <<15
· FFS whether to use BWP framework for transitioning from dormany to non-dormancy or vice versa
· FFS The DCI formats may or may not schedule data (if supported w/o data, the value of X2 can be separately discussed)
· FFS DCI formats 0-0 and 1-0
· FFS the impact of CIF if any

Agreements:
· For the L1 based Scell dormancy indication sent on primary cell within active time
· UE is configured with at least two BWPs for an Scell
· The explicit information field in DCI indicates switching to/from dormant BWP configured for the Scell
· FFS definition of dormant BWP
· FFS whether or not to the same BWP switching delay to the non-dormant to dormant transition delay
· Note: Rel15 behavior for case when 1BWP is configured for the Scell (i.e., no dormancy indication for that Scell)

Agreements:
· For the L1 based Scell dormancy indication sent on primary cell outside active time in WUS PDCCH
· The explicit information field in DCI is a bitmap with up to X1 bits and 1 bit per group of configured Scells
· Each Scell group can have one/multiple Scells and up to X1 Scell groups are configured via RRC. 
· The Scell group configuration is independent from the Scell group configuration for dormancy indication within active time (if supported) 
· X1 = [5]
· Note: X1 is upper bound.
· Note: Number of bits used for explicit information field in WUS PDCCH is based on configuration

So this would require quite a bit of work in RAN2 to complete and not just ASN.1 but also impacts to MAC.
2	Dormancy implementation in RAN1 for activated Scell
	Agreements:
· For the L1 based Scell dormancy indication sent on primary cell within active time
· UE is configured with at least two BWPs for an Scell
· The explicit information field in DCI indicates switching to/from dormant BWP configured for the Scell
· FFS definition of dormant BWP
· FFS whether or not to the same BWP switching delay to the non-dormant to dormant transition delay
· Note: Rel15 behavior for case when 1BWP is configured for the Scell (i.e., no dormancy indication for that Scell)




Based on the above agreement, a gNB configures at least two BWPs. We think that one BWP will be “dormant” and one will be “non-dormant” in an Scell. For example, dormant BWP can be a default BWP, and non-dormant BWP can be first active BWP. 
Proposal 1: To support dormancy, a gNB configures one dormant BWP and one non-dormant BWP.
Based on the already agreed definition of dormancy, UE is not allowed to turn off AGC “The 'dormancy' behaviour implies that the UE stops monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management”
Therefore, on a dormant BWP a UE does not expect to be configured with pdcch-Config or pdcch-ConfigCommon. 
Proposal 2: dormant BWP a UE is not configured with pdcch-Config or pdcch-ConfigCommon 
The other parameters can be different between dormant and non-dormant BWP. 
Also although not yet explicitly agreed in NR it seems to be quite natural that PUCCH SCell or SpCell cannot be switched to dormant BWP. This limitation exists in LTE (36.321):
If the MAC entity is configured with one or more SCells, the network may transition configured SCells into Dormant State. Dormant State is not applicable for SpCell or PUCCH SCell. The network transitions SCell(s) in and out of Dormant State by sending Activation/Deactivation and/or Hibernation MAC control element as described in clause 6.1.3.8 and 6.1.3.15 respectively
Proposal 3: PUCCH SCell or SPCell cannot have dormant BWP as active BWP. It would be OK also not allow even configuring such a BWP for PUCCH SCell (This can be resolved in CR implementation)
Additionally we assume that there should not be active UL grants in dormant SCell. Similarly, as in LTE configured grants are deleted from dormant SCell – see 36.321:
	-	if the MAC entity is configured with dormant SCell upon SCell configuration or receives MAC control element(s) in this TTI for transitioning the SCell into Dormant State:
-	in the TTI according to the timing defined in TS 36.213 [2]:
-	transition the SCell into Dormant State;
-	stop the sCellDeactivationTimer associated with the SCell;
-	if sCellHibernationTimer associated with the SCell is configured;
-	stop the sCellHibernationTimer associated with the SCell;
-	start or restart the dormantSCellDeactivationTimer associated with the SCell;
-	clear any configured downlink assignments and uplink grants associated with the SCell;
-	flush all HARQ buffers associated with the SCell.
Proposal 4: At activating dormant BWP clear any configured downlink assignments and uplink grants associated with the SCell
[bookmark: _GoBack]Additionally for Type-1 uplink grants (this exists only in NR) it seems that in MAC one should suspend the configuration and then resume whenever non-dormant (or normal) BWP becomes active. This behaviour would be similar to the one used currently between deactivated/activated SCell.
Proposal 5: When SCell becomes dormant UE will suspend Type-1 uplink grants

[bookmark: _Hlk4530909]2.1		L1 based mechanism outside of DRX active time (WUS PDCCH)
	Agreements:
· For the L1 based Scell dormancy indication sent on primary cell outside active time in WUS PDCCH
· The explicit information field in DCI is a bitmap with up to X1 bits and 1 bit per group of configured Scells
· Each Scell group can have one/multiple Scells and up to X1 Scell groups are configured via RRC. 
· The Scell group configuration is independent from the Scell group configuration for dormancy indication within active time (if supported) 
· X1 = [5]
· Note: X1 is upper bound.
· Note: Number of bits used for explicit information field in WUS PDCCH is based on configuration




Aspect of amount of SCell groups (X1) does not have major impact to RAN2 and we can progress the work without knowing exact value.
Second issue is behaviour when there are multiple groups configured by gNB. Since 1bit toggles BWPs for groups of cells, it is not clear whether one Scell can be in multiple groups. We think this should be precluded, otherwise behaviour would need to be specified to handle the potential conflicts between indicated bits i.e. if multiple bits are set to indicate same SCell is in dormant and non-dormant. Alternatively we could limit the L1 signaling not to be allowed to trigger state change with multiple bits for a SCell. So at minimum we should at least have following agreement:
Proposal 5: There shall be no case when there is possible to configure a SCell to have both dormant and non-dormant BWP as active BWP.
But it seems to be easier to just limit in the ASN.1 that a SCell can be part of one dormancy cell group.
Proposal 5a: For the L1 based Scell dormancy indication sent on primary cell outside active time in WUS PDCCH, one Scell cannot be in more than one dormancy cell group configured by a gNB
Currently a cell can have 4 BWPs signalled and as the WUS PDCCH based signalling can move cell from dormant to non-dormant the question is that are the all 3 possible other BWPs non-dormant. If so then it seems that WUS PDCCH would need to be able to indicate which of those non-dormant BWPs UE would activate. But it seems that in RAN1 there is no such a concept discussed. Thus we propose:
Proposal 6: For each SCell one can signal (implicitly or explicitly) which of the BWPs is dormant and which one is non-dormant i.e. BWPs between which the switching can occur. 

2.2 		L1 based Dormancy in DRX active time (Scheduling PDCCH)
	Working assumption:
1. For the L1 based Scell dormancy indication sent on primary cell within active time 
0. Support the following two cases for the PDCCH with dormancy indication  
0. Case 1: The PDCCH schedules data for primary cell and also indicates dormancy for Scell(s)
0. X2=5 (Note: X2 is upper bound)
0. Discuss detailed design of explicit information field in DCI and associated RRC signaling in RAN1#99
0. Case 2: The PDCCH indicates dormancy for Scell(s) without scheduling data
0. Discuss detailed design of explicit information field in DCI in RAN1#99
0. UE is indicated whether the PDCCH with dormancy indication is according to Case 1 or Case 2 
1. FFS details: e.g. a dedicated bit for the differentiation, a reserved combination of DCI fields etc.
1. Note: no new RRC signaling introduced specifically for this indication





RRC Alt 2 vs Alt 1 
	Proposal 2 (from RAN1 email discussion):
· Alt1: a bitmap with up to X2 bits and 1 bit per group of configured Scells  
· Each Scell group can have one/multiple Scells and up to X2 Scell groups are configured via RRC.
· The Scell group configuration is independent from the Scell group configuration for dormancy indication within non-active time 
· Alt2: a DCI field with up to X2 bits, where one state indicates preconfigured dormancy/non-dormancy statuses (BWPs) of configured cells 



For active time based approach Alt1 and Alt2 we would need to be able to indicate which of BWPs of the cell is dormant and which one is non-dormant in order to be able switch between those with “one bit” indication. 
In active time, a gNB should be able to adjust dormancy on Scell without requiring always to be able to adjust dormancy of group of SCells. This is due to uncertainty of throughput instantaneously achieved in active time, instantaneous load of the cells, incoming packets, etc. However, the mechanism agreed for outside of active time is clearly suboptimal for this purpose, especially when one cell can be grouped only in dormancy cell group. It would be much more flexible to preconfigure a dormancy profiles for the configured cells although of course this would also allow mimicking similar behaviour as in case of WUS scell grouping if that is desired by network. For example, if 4 cells are configured a gNB could (similarly to R15 TDRA, SFI, etc) configure dormancy statuses of SCells so that each “row” indicates dormancy status of all SCells  and DCI field would then refer to row to indicate status of all SCells.
	row \ dormancy status
	Scell 0
	Scell 1
	Scell 2
	Scell 3

	r=0
	D
	N-D
	N-D
	N-D

	r=1
	N-D
	D
	N-D
	N-D

	r=2
	N-D
	N-D
	D
	N-D

	r=3
	N-D
	N-D
	N-D
	D

	r=4
	D
	D
	N-D
	N-D

	r=5
	N-D
	N-D
	D
	D

	r=6
	N-D
	N-D
	N-D
	N-D

	r=7
	D
	D
	D
	D



Such, for this example of 4 cells, sufficient flexibility can be achieved with only 3bits.
Proposal 7: Support Alt2: a DCI field with up to X2 bits, where one state indicates a preconfigured row of dormancy/non-dormancy statuses (BWPs) for set of configured cells.
· The size DCI format field is determined as 

3	On introduction of new SCell activation procedure using temporary RS 
LS from RAN4:
	Regarding the first question:
1.	RAN1 is interested to know if considerable reduction in maximum allowed activation delay requirements (specified in subclause 8.3.2 of 38.133) is possible within Rel16 timeframe if additional reference signals (e.g. aperiodic TRS, short-interval CSI-RS configuration) are provided to the UE immediately following the SCell activation command. 

RAN4 discussed question 1 and concluded that depending on the RS design, RAN4 expects that a considerable reduction in the SCell activation delay is possible if additional reference signals are provided to the UE immediately following the SCell activation command.

Regarding the second question:
2.	According to RAN4 specifications, the maximum allowed activation delay for CA is much larger than BWP switching delays provided in [R1-1803602]. RAN1 would be interested to know the RAN4 considerations that lead to the different requirements for BWP and CA cases. For example, for intra-band CA are there any conditions where maximum allowed SCell activation delay can be comparable with BWP switching times?

The current SCell activation delay requirements are based on LTE requirements updated to NR design. Additionally, BWP switching and SCell activation have different triggering mechanisms (DCI vs MAC-CE) and ending point (no CSI reporting vs valid CSI reporting). When changing active BWP within the bandwidth of the same cell, control loops (AFC/ATC/AGC) are already tuned, whereas this is not the case when activating an SCell. The shortest SCell activation delay is for FR2 intra-band when the UE is not provided with any SMTC for the target SCell. For this case, the activation delay is D = THARQ + 3ms + TCSI_Reporting.




Based on the reply from RAN4 (first question), it seems that shorting of activation time is possible, subject to RS design. Therefore, we think using aperiodic TRS for synchronisation would be a way forward, because TRS has been designed for the synchronisation purpose unlike general NZP-CSI-RS.
Proposal 8: Adopt aperiodic TRS in two consecutive slots as synchronization RS during R16 SCell activation procedure.   
3.1	Details of R16 SCell activation procedure
In RAN1 98 the following conclusion has been reached
	Study further the following two options and aim to conclude in RAN1#98bis:
· Option 1:
· NW can send activation command MAC CE and also independently use existing signalling to trigger aperiodic/semi-persistent CSI-RS when sending the activation command  
· Request RAN4 to consider specifying additional (tighter) maximum allowed activation delay requirements for following case
· UE receives activation command MAC CE for SCell activation and also aperiodic/semi-persistent CSI-RS for the SCell ’at the same time’ as the activation command 
· FFS: ’at the same time’, i.e., exact timing between activation command and RS trigger
· FFS: if separate requirement based on specific RS configuration
· Option 2 - Support enhancement for triggering a specific CSI measurement/reporting configuration during MAC-CE based SCell activation
· CSI measurement/reporting is based on Rel-15/16 RS(s)
· FFS RS will be A-TRS, SP CSI-RS, aperiodic CSI-RS, SP TRS, etc.
· FFS between following candidates for enhanced triggering
· Implicit (i.e., SCell activation command reception implies specific RS is triggered like in LTE)
· Separate MAC CE linked to activation MAC CE
· Enhanced activation command MAC CE
· Other candidates not precluded
Note: companies (especially those interested in option 2) should bring ‘full proposals’ covering all design aspects for the next meeting.




The issue of above Option 1 is that at the moment MAC-CE can only trigger semi-persistent CSI-RS or select subset of trigger states for aperiodic CSI report:
· SP CSI-RS/CSI-IM Resource Set Activation/Deactivation MAC CE;
· Aperiodic CSI Trigger State Subselection MAC CE;

Non of legacy MAC-CEs is applicable for triggering Aperiodic TRS for the purpose of SCell synchronization. Therefore, we think that one of these MAC-CEs could be re-interpreted or new MAC-CE introduced for trigger of A-TRS together with MAC-CE activating cells. Selection and detail design would be up to RAN2.
Proposal 9: For the purpose of triggering A-TRS with SCell-activation MAC-CE, define a new MAC-CE or reinterpret the existing one. 
For the triggering purpose, a trigger list (similar to CSI-AperiodicTriggerStateList) could be configured. In the triggering MAC-CE a gNB shall indicate RS (form the trigger list) to be used for SCell activation, these could be SSB or CSI-RS; 
· NZP-CSI-RS (TRS) to be triggered with an offset counted from slot of MAC-CE HARQ-ACK
· SSB of an index. 
With triggering MAC-CE no CSI report would be triggered. This is shown in Figure 1 and Figure 2, where two MAC-CEs are sent in one PDSCH, one MAC-CE activating SCell and other MAC-CE triggering synchronization based on Aperiodic TRS (Figure 1) or synchronisation based on the earliest SSB (Figure 2). Both of these can be configured in a trigger list. In cases where SSB would colliding with SSB burst, or SSB would be upcoming, a gNB may trigger SSB-based SCell activation instead of TRS based. If gNB would not send MAC-CE with the trigger together with SCell activation MAC-CE, UE follows the legacy R15 activation procedure.
[image: ]
Figure 1 SCell activation with TRS
[image: ]
Figure 2 SCell activation with earliest SSB

Proposal 10: 
· When SCell activation command in MAC-CE (Activating SCells) for a SCell is received with a MAC-CE (Aperiodic TRS trigger) for the SCell. 
· MAC-CE (Aperiodic TRS trigger) indicates one state from preconfigured list of trigger states for first active BWP of the SCell
· Note: No CSI report is triggered with MAC-CE (Aperiodic TRS trigger)
· Otherwise, if only MAC-CE (Activating SCells) is received for the SCell, UE follows the R15 SCell activation procedure for the SCell.

3	Conclusion
Always echo the list of observations and proposals.
For Dormant:
Proposal 1: To support dormancy, a gNB configures one dormant BWP and one non-dormant BWP.
Proposal 2: dormant BWP a UE is not configured with pdcch-Config or pdcch-ConfigCommon 
Proposal 3: PUCCH SCell or SPCell cannot have dormant BWP as active BWP. It would be OK also not allow even configuring such a BWP for PUCCH SCell (This can be resolved in CR implementation)
Proposal 4: At activating dormant BWP clear any configured downlink assignments and uplink grants associated with the SCell
Proposal 5: There shall be no case when there is possible to configure a SCell to have both dormant and non-dormant BWP as active BWP.
But it seems to be easier to just limit in the ASN.1 that a SCell can be part of one dormancy cell group.
Proposal 5a: For the L1 based Scell dormancy indication sent on primary cell outside active time in WUS PDCCH, one Scell cannot be in more than one dormancy cell group configured by a gNB
Proposal 6: For each SCell one can signal (implicitly or explicitly) which of the BWPs is dormant and which one is non-dormant i.e. BWPs between which the switching can occur. 
Proposal 7: Support Alt2: a DCI field with up to X2 bits, where one state indicates a preconfigured row of dormancy/non-dormancy statuses (BWPs) for set of configured cells.
· The size DCI format field is determined as 


For temporary RS: 
Proposal 8: Adopt aperiodic TRS in two consecutive slots as synchronization RS during R16 SCell activation procedure.   
Proposal 9: For the purpose of triggering A-TRS with SCell-activation MAC-CE, define a new MAC-CE or reinterpret the existing one. 
Proposal 10: 
· When SCell activation command in MAC-CE (Activating SCells) for a SCell is received with a MAC-CE (Aperiodic TRS trigger) for the SCell. 
· MAC-CE (Aperiodic TRS trigger) indicates one state from preconfigured list of trigger states for first active BWP of the SCell
· Note: No CSI report is triggered with MAC-CE (Aperiodic TRS trigger)
· Otherwise, if only MAC-CE (Activating SCells) is received for the SCell, UE follows the R15 SCell activation procedure for the SCell.
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