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1	Introduction 
In the feature lead summary in RAN1 #97 [1], two major discussion topics are
· Improvements to Rel15 SCell activation/deactivation procedure
· Improvements related to ‘dormancy-like behaviour’ on activated Scells (i.e., sparse/no PDCCH monitoring on activated SCell while maintaining CSI measurements/reporting)
This tdoc focuses on the improvements related to dormancy behaviour on activated SCells.

2	Specification requirement for dormancy behaviour on SCell (s)
In [2], the 'dormancy' behaviour (contrary to ‘active’ behaviour) is defined as that UE stops monitoring PDCCH but continues other activities such as CSI measurements, AGC and beam management. To achieve this kind of behaviour, the following components are necessary to be defined:
· new mechanism of L1-indication from dormancy behaviour to active behaviour (by RAN1)
· new mechanism of L1-indication from active behaviour to dormancy behaviour (by RAN1)
· new RRC configuration of periodic CSI[/RRM] measurement for dormancy (by RAN2)
· new switch delay requirement (by RAN4)
For Rel-15 NR, BWP switch can be used to stop monitoring PDCCH and change CSI-RS configuration. Therefore, BWP-based switch is currently available to support dormancy behaviour on SCell (s), although how to bring SCell (s) with dormancy behaviour back to normal behaviour through BWP needs to be specified since UE does not monitor PDCCH for SCell (s) with dormancy behaviour. If BWP-based switch is not used for dormancy behaviour, all the four components listed above need to be additionally specified. This can introduce huge spec change effort. Hence we have the following observation and proposal:
Observation 1: BWP-based switch is currently available to support dormancy behaviour on SCell (s). Only the mechanism to bring SCell (s) with dormancy behaviour back to normal behaviour through BWP needs to be additionally specified. If BWP-based switch is not used for dormancy behaviour, huge duplicated efforts are required to cover
· new mechanism of L1-indication from dormancy behaviour to active behaviour (by RAN1)
· new mechanism of L1-indication from active behaviour to dormancy behaviour (by RAN1)
· new RRC configuration of periodic CSI[/RRM] measurement for dormancy (by RAN2)
· new switch delay requirement (by RAN4)

Proposal 1: BWP-based switch should be used to achieve dormancy behaviour on SCell (s).

3	Switch mechanism from dormancy behaviour to active behaviour on SCell (s) 

3.1 Explicit indication for switch from dormancy behaviour to active behaviour on SCell (s) 
For explicit indication, DCI on PCell is used to switch SCell(s) from dormancy behaviour to active behaviour. New dedicated DCI would be required for high granularity SCell (s) control. When the CC number is large (especially in FR2), using explicit indication for each CC of SCell (s) results in large signal burden for PCell. Since up to 16 DL CCs can be configured for NR, this would need up to 15 bits in the DCI (one per Scell). Considering DCI size alignment, more than 15 bits would be required. Besides, since the new dedicated DCI is not a scheduling DCI, there would be no HARQ ACK/NACK for this DCI, and thus decrease the robustness of this switch mechanism. The following observations are drawn:

Observation 2: To support up to 16 DL CCs in NR with a new dedicated DCI to explicitly bring each CC from dormancy behaviour to active behaviour, more than 15 bits would be required.
Observation 3: Since the new dedicated DCI is not a scheduling DCI, there would be no HARQ ACK/NACK for this DCI, and thus decrease the robustness of this switch mechanism. 

3.2 Implicit bundled indication for switch from dormancy behaviour to active behaviour on SCell (s)
Implicit association between triggering of active behaviour on PCell and triggering of active behaviour on Scell (s) can be used for smaller signaling overhead. The implicit indication can be
· Option 1: SCell (s) switches from dormancy behaviour to active behaviour when PCell has data scheduling activity
· Option 2: SCell (s) switches from dormancy behaviour to active behaviour when PCell switches to large data BWP
For Option 1, all SCell (s) switch from dormancy behaviour to active behaviour when PCell receives a scheduling DCI. It is noted that if only a small amount of data is scheduled for UE, bringing all the SCell (s) back to active behaviour may not be necessary. 
For Option 2, an illustration example for Option 2 is given here. Assume a typical multiple-BWP setting where PCell has one BWP with large bandwidth and one BWP with small bandwidth and SCell has one BWP with normal PDCCH monitoring and one BWP with dormancy behaviour, as shown in Table I. 

Table I: BWP Combinations of PCell and SCell

	
	SCell BWP with active behaviour
	SCell BWP with dormancy behaviour

	PCell BWP with large bandwidth  
	Setting 1
	Setting 2

	PCell BWP with small bandwidth 
	Setting 3
	Setting 4



Among the four settings listed in Table I, setting 1 can deliver the highest data rate and be used for efficient transmission of large data. Setting 2 is, however, less efficient since SCell is not utilized to offload PCell traffic. Setting 3 has similar issue as setting 2 if large UE data is intended. If there is only small UE data, setting 4 is a more energy efficient setting for the UE where PCell BWP reduces to a small bandwidth and SCell BWP allows UE dormancy behaviour. Among all flexibilities, settings 1 and 4 are more useful for prompt data transmission and better UE energy efficiency, respectively. Therefore, we have the following proposal:

Proposal 2:  Implicit bundled configurations between PCell and SCell(s) for switch from dormancy behaviour to active behaviour on SCell (s) is supported as an efficient and scalable solution for adapting SCell (s) operations. The implicit indication can be
· Option 1: SCell (s) switches from dormancy behaviour to active behaviour when PCell has data scheduling activity
· Option 2: SCell (s) switches from dormancy behaviour to active behaviour when PCell switches to large data BWP

3.3 Combined group-based implicit indication for switch from dormancy behaviour to active behaviour on SCell (s)
From the discussion above, explicit indication can achieve high granularity of SCell (s) control but occupies large control resource on PCell. This kind of indication would be infrequent due to the control resource consideration. Implicit indication has small signal overhead and can be more frequently used but has limited flexibility. One solution in between is to use explicit indication to specify the SCell (s) bundle relation based on user application, while transition follows PCell by implicit bundled switch. In this case, only part of the SCell (s) switch from dormancy behaviour to active behaviour depending on the explicit indication. The explicit indication based on RRC/MAC-CE/DCI is FFS and the implicit bundled indication is based on BWP or data scheduling activity is FFS. For single BWP scenario, implicit method can still be used based on data scheduling activity.

Proposal 3: Use explicit indication to specify the SCell (s) bundle relation based on user application, while transition follows PCell by implicit bundled switch. In this case, only part of the SCell (s) switch from dormancy behaviour to active behaviour depending on the explicit indication. The explicit indication based on RRC/MAC-CE/DCI is FFS and the implicit bundled indication is based on BWP or data scheduling activity is FFS.
4	Summary 
In this contribution, we investigate how to achieve efficient and low latency SCell data transmission for NR CA. In particular, we have:
Observation 1: BWP-based switch is currently available to support dormancy behaviour on SCell (s). If BWP-based switch is not used for dormancy behaviour, huge duplicated efforts are required to cover
· new mechanism of L1-indication from dormancy behaviour to active behaviour (by RAN1)
· new mechanism of L1-indication from active behaviour to dormancy behaviour (by RAN1)
· new RRC configuration of periodic CSI[/RRM] measurement for dormancy (by RAN2)
· new switch delay requirement (by RAN4)

Proposal 1: BWP-based switch should be used to achieve dormancy behaviour on SCell (s).
Observation 2: To support up to 16 DL CCs in NR with a new dedicated DCI to bring each CC from dormancy behaviour to active behaviour, more than 15 bits would be required.
Observation 3: Since the new dedicated DCI is not a scheduling DCI, there would be no HARQ ACK/NACK for this DCI, and thus decrease the robustness of this switch mechanism. 
Proposal 2:  Implicit bundled configurations between PCell and SCell(s) for switch from dormancy behaviour to active behaviour on SCell (s) is supported as an efficient and scalable solution for adapting SCell (s) operations. The implicit indication can be
· Option 1: SCell (s) switches from dormancy behaviour to active behaviour when PCell has data scheduling activity
· Option 2: SCell (s) switches from dormancy behaviour to active behaviour when PCell switches to large data BWP
Proposal 3: Use explicit indication to specify the SCell (s) bundle relation based on user application, while transition follows PCell by implicit bundled switch. In this case, only part of the SCell (s) switch from dormancy behaviour to active behaviour depending on the explicit indication. The explicit indication based on RRC/MAC-CE/DCI is FFS and the implicit bundled indication is based on BWP or data scheduling activity is FFS.
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