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1	Introduction 
In the email discussion summary after RAN1 #96-bis [1] for efficient SCell operation for NR CA, several possible versions, v1, v2, v1a and v2a, were collected in the conclusion. In particular, v2a is the latest version close to the consensus. To establish a base for further discussion, the following proposal is suggested.

Proposal 1:  Observation v2a is agreed for the further discussion/specification.


v2a
· For NR, it is possible using Rel15 signalling to support: (i) sparse/no PDCCH monitoring on the scheduling cell(s) for activated Scell(s) and (ii) activated Scell(s) with CSI measurement/reporting. However, Rel15 signalling does not provide a mechanism for fast adaptation from sparse/no PDCCH monitoring to more frequent PDCCH monitoring for the activated Scell(s).
· For example, a Scell can be configured with two BWPs, BWP1 with frequent PDCCH monitoring occasions and BWP2 with sparse PDCCH monitoring. Then, fast adaptation from BWP2 to BWP1 is not possible using Rel15 signalling as the BWP switch command can only be sent in the sparse PDCCH monitoring occasions.
· If supported for Rel16, additional implicit/explicit L1 signaling mechanisms can enable fast adaptation from sparse/no PDCCH monitoring to more frequent PDCCH monitoring for the activated Scell(s). 
· Potential additional L1 signalling mechanisms include 
· Using DCI on cell x to control PDCCH monitoring for Scell(s)
· Using DCI on cell x to control CSI measurements on Scell(s)
· Using DCI on cell x to switch between different configured BWPs on Scell(s)
· Using implicit association between triggering of active BWP switching on Pcell/scheduling cell and triggering of BWP switching on Scell(s).
· Note: In above bullets, cell x is a cell that is different from the Scell(s). Cell x can be e.g. Pcell, scheduling cell for the Scell(s)
· Note: In NR, MAC CE based adaptation of CSI measurement/reporting for Scell(s) is possible using Rel15 signalling.
· If supported for Rel16, additional mechanisms such as per BWP configuration of cross-carrier scheduling can enable fast adaptation between cross-carrier and self-scheduling for activated Scells.


In this contribution, we base on v2a and further elaborate how to achieve efficient and low latency SCell data transmission for NR CA.
2	Switching UE dormancy behaviour to normal PDCCH monitoring in SCell(s)
For NR, it is possible using Rel-15 signaling to support: (i) sparse/no PDCCH monitoring for activated Scell(s) and (ii) activated Scell(s) with CSI measurement/reporting. However, Rel-15 signaling does not provide a mechanism for fast adaptation from sparse/no PDCCH monitoring to normal PDCCH monitoring on for the activated Scell(s). Here we focus on how to bring SCell(s) with dormancy behavior back to normal PDCCH monitoring and the considerations for CSI measurement/reporting.

2.1 Cross-carrier scheduling based solution
In the conclusion of [1], it is discussed that additional mechanisms such as per BWP configuration of cross-carrier scheduling can enable fast adaptation between cross-carrier and self-scheduling for activated Scells in Rel-16. However, when the CC number is large (especially in FR2), using cross carrier scheduling to bring SCell (s) from sparse/no PDCCH monitoring back to normal PDCCH monitoring results in large burden for PCell. Hence, we have the following observation:

Observation 1: When the CC number is large (especially in FR2), if PCell is used to schedule each CC from sparse/no PDCCH monitoring to normal PDCCH monitoring, the control resource in PCell can be exhausted and the decoding complexity remains high. Cross carrier scheduling based solution is therefore not scalable for adapting SCell operations.

2.2 Additional L1 signaling/mechanism with multiple BWPs
In the conclusion of [1], it is discussed how to enable fast adaptation from sparse/no PDCCH monitoring to more frequent PDCCH monitoring for the activated Scell(s) using additional implicit/explicit L1 signaling mechanisms. During the discussion [1], the control of PDCCH monitoring and CSI measurements on SCell(s) are discussed. One important factor to categorize the additional signaling/mechanism is whether multiple BWPs are configured.

If multiple BWPs are configured, different BWPs can be used to switch CSI or PDCCH monitoring; implicit association between triggering of active BWP switching on Pcell/scheduling cell and triggering of BWP switching on Scell(s) can be used for smaller signaling overhead. 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 behavior, as shown in Table I. 

Table I: BWP Combinations of PCell and SCell

	
	SCell BWP with normal PDCCH monitoring
	SCell BWP with dormancy behavior

	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 behavior. Among all flexibilities, settings 1 and 4 are more useful for prompt data transmission and better UE energy efficiency, respectively. Therefore, the following observation and proposal are drawn:

Observation 2: Bundled BWP configurations between PCell and SCell(s) can achieve prompt data transmission with large-BW BWP in PCell and normal PDCCH monitoring in SCell(s) or better UE energy efficiency with small-BW BWP in PCell and allowing UE dormancy behavior in SCell(s).

Proposal 2: If multiple BWPs are configured, bundled BWP switching between PCell and SCell(s) is supported as an efficient and scalable solution for adapting SCell operations.

2.3 Additional L1 signaling/mechanism with a single BWP
If only a single BWP is configured, additional L1 signaling/mechanism should be utilized to realize dormancy behavior in SCell. In UE power saving WI, PDCCH-based power-saving signal/channel is designed to include this functionality, and CA/DC enhancement WI should not duplicate the discussion and design.

Proposal 3: If only a single BWP is configured, additional L1 signaling/mechanism to control SCell PDCCH monitoring is designed in UE power saving WI. CA/DC enhancement can focus on realizing dormancy behavior in SCell using multiple BWPs.

In addition to L1 signaling/mechanism, it is noted in [1] that, MAC CE based adaptation of CSI measurement/reporting for Scell(s) is possible using Rel-15 signaling in NR. If PDCCH monitoring period adaptation is also included in MAC CE, MAC CE can be used to enable/disable dormancy behavior in SCell. This is however belong to RAN2 discussion.

Observation 4: If PDCCH monitoring period adaptation is added to MAC CE, MAC CE can be used to control both CSI measurement and PDCCH monitoring. However, this should be discussed in RAN2. 

3	Summary 
In this contribution, we investigate how to achieve efficient and low latency SCell data transmission for NR CA. In particular, we have:

Proposal 1:  Observation v2a is agreed for the further discussion/specification.

Observation 1: When the CC number is large (especially in FR2), if PCell is used to schedule each CC from sparse/no PDCCH monitoring to normal PDCCH monitoring, the control resource in PCell can be exhausted and the decoding complexity remains high. Cross carrier scheduling based solution is therefore not scalable for adapting SCell operations.

Observation 2: Bundled BWP configurations between PCell and SCell(s) can achieve prompt data transmission with large-BW BWP in PCell and normal PDCCH monitoring in SCell(s) or better UE energy efficiency with small-BW BWP in PCell and allowing UE dormancy behavior in SCell(s).

Proposal 2: If multiple BWPs are configured, bundled BWP switching between PCell and SCell(s) is supported as an efficient and scalable solution for adapting SCell operations.

Proposal 3: If only a single BWP is configured, additional L1 signaling/mechanism to control SCell PDCCH monitoring is designed in UE power saving WI. CA/DC enhancement can focus on realizing dormancy behavior in SCell using multiple BWPs.

Observation 4: If PDCCH monitoring period adaptation is added to MAC CE, MAC CE can be used to control both CSI measurement and PDCCH monitoring. However, this should be discussed in RAN2. 
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