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1 Introduction
One objective of DC/CA enhancement WI is the low latency serving cell configuration/activation/setup.

RP-181469 [1]:
Efficient and low latency serving cell configuration/activation/setup: Minimizing signalling overhead and latency needed for initial cell setup, additional cell setup and additional cell activation for data transmission. [RAN2, RAN1, RAN4, RAN3]
o
This objective applies to MR-DC, NR-NR DC and CA

o
The objective should consider enhancements when starting from IDLE, INACTIVE mode and CONNECTED mode
In RAN2#105 [2], RAN2 agreed that SCells can be configured with deactivated or activated state by RRC upon SCell addition or after HO and FFS the case of resume:
	Agreements:

· The configured SCells (MCG and SCG) can be configured in deactivated or activated state by RRC upon addition or after a handover.  Timing requirements are up to RAN4.  FFS if this applies to resume.


And in RAN2#107 [5], RAN2 agreed the basic procedure of NR MCG SCell/SCG Resume procedure: 
Agreements (Activation of SCells is not addressed by these agreements - to be discussed separately)

1
The LTE RRCConnectionResume message (Inactive to Connected) can contain the MCG SCell configuration and the associated UE behaviour in handling the SCell configuration is the same as in the Rel-15 RRC connection reconfiguration procedure. 

2
In NR and LTE Rel-16, the UE maintains the MCG SCell configuration upon the initiation of the resume procedure.

3
The RRC(Connection)Resume message contains an indication to restore/resume the MCG SCells (noting that behaviour in legacy eNBs that don't support this feature needs to be considered).

4
The (LTE and NR) RRC(Connection)Resume (Inactive to Connected))message can contain the SCG configuration and the associated UE behaviour in handling the SCG configuration is the same as in the Rel-15 RRC (connection) reconfiguration procedure.

5
In NR and LTE Rel-16, the UE maintains the SCG configuration upon the initiation of the resume procedure.

6
The RRC(Connection)Resume message contains an indication to restore/resume the SCG (noting that behaviour in legacy e/gNBs that don't support this feature needs to be considered).
In this contribution, we further discuss NR SCG resume procedure, including the below aspects:
· Direct activation in resume
· UE indication on whether stored SCG configuration can be restored in blind resume
· Resume at SN
2 Discussion  
2.1 Direct activation in resume

To reduce SCell activation latency caused by processing of MAC-CE, RAN2 has agreed configured SCells (MCG and SCG) can be configured in deactivated or activated state by RRC upon SCell addition or after a handover. Because SCell configuration is carried in RRCReconfiguration message in both SCell addition and HO, it means direct SCell state configuration is carried in RRCReconfiguration message.
Observation 1: For both NR SCell addition and HO procedures, the direct SCell state (i.e. activated or deactivated) is configured in RRCReconfiguration message. 
As quoted in agreements of RAN2#105 [2], whether direct SCell state configuration can be applied to resume depends on when SCell can be configured in resume procedure, which is also still FFS. For NR resume procedure, we think it is similar to SCell addition and HO, and it can also get the benefit of reducing SCell activation latency caused by processing of MAC-CE, thus we think that direct SCell state configuration can be applied in resume procedure.
Observation 2: NR resume procedure is similar to NR SCell addition and HO, and it can also get the benefit of reducing SCell activation latency caused by processing of MAC-CE. 
Then for measurement-based NR resume procedure, it is straight forward that the direct SCell state (i.e. activated or deactivated) can only be configured in RRCReconfiguration message followed by RRCResume. Thus, we propose:   
Proposal 1: For measurement-based NR resume procedure, the direct SCell state (i.e. activated or deactivated) is configured in RRCReconfiguration message followed by RRCResume.
However, if SCG configuration is included in RRCResume message, then it is blind resume because NR early measurements can be reported as early as RRCResumeComplete message [4]. Then, we think it is questioned whether SCell state can be configured in RRCResume message because of the following 2 reasons:
1) Direct configuration of one SCell being activated means valuable radio resource will be allocated to this SCell. It may be a waste of such radio resource allocation and unnecessary UE power consumption if radio condition of this SCell is poor if without measurement results in NW.
2) New RAN4 timeline requirements are needed to introduce for both measurement-based and blind NR resume procedure. But as indicated in Section 7.7.18 and 7.7.18 of 36.133 (copied below), only timeline requirements for measurement-based LTE SCell addition and HO are specified.
===========================Copy of section 7.7.18 of 36.133==========================
Upon receiving directly activated or directly hibernated SCell configuration in subframe n, the UE shall be capable to transmit valid CSI report and apply actions as specified in [17] for the directly activated or directly hibernated SCell no later than in subframe n+Ndirect provided the following conditions are met for the SCell:

-
During the last [5] seconds before the reception of the direct SCell configuration command:

-
the UE has sent a valid measurement report for the SCell being directly activated or directly hibernated, and
-
the SCell being directly activated or directly hibernated remains detectable according to the cell identification conditions specified in section 8.3.3.2,

-
SCell being directly activated or directly hibernated also remains detectable during the SCell activation delay according to the cell identification conditions specified in section 8.3.3.2 where
Where:
Ndirect = TRRC_Process [+T1] + Ttime_direct
TRRC_Process: It is the RRC procedure delay defined in section 11.2 of TS 36.331 [2],

T1: Delay from subframe n+ TRRC_Process until the transmission of RRCConnectionReconfigurationComplete message

Ttime_direct is the direct SCell activation delay. 
====================================================================
Similarly, for blind activation in resume (i.e. direct SCell state configured in RRCResume), we think RAN4 is also difficulty to define timeline requirements without measurements. Even if majority prefer blind activation in resume, we think RAN4 input is necessary. Thus, we propose that even for NR blind resume procedure, the NW decides whether to activate SCells still based on measurements, i.e. the direct SCell state (i.e. activated or deactivated) is also configured in RRCReconfiguration message.  
Observation 3: It is questioned whether blind activation in Resume is feasible because of the following reasons:

1) It may cause a waste of scheduled radio resource allocation and unnecessary UE power consumption if radio condition of the activated SCell is poor.
2) New RAN4 timeline requirements are needed to introduce for both measurement-based and blind NR resume procedure. But as indicated in Section 7.7.18 and 7.7.18 of 36.133, only timeline requirements for measurement-based LTE SCell addition and HO are specified.
Proposal 2: For NR blind resume procedure (i.e. SCG configuration is included in RRCResume), the direct SCell state (i.e. activated or deactivated) is also configured in RRCReconfiguration message followed by RRCResume.

And since the RAN4 has started their DCCA work, we think it is time to send LS to RAN4 on the timeline requirements for direct NR SCell activation during SCell addition, HO and resume procedures based on measurements.
Proposal 3: Send LS to RAN4 on timeline requirements for direct NR SCell activation during SCell addition, HO and resume procedures based on measurements.
2.2 UE indication on whether stored SCG configuration can be restored in blind resume
In RAN2#107 [5], we agreed: 
· If RRCResume message (msg4) includes one indication to restore/resume SCG, the UE will restore the stored SCG configuration; 
· Otherwise if RRCResume message (msg4) doesn’t include the indication to restore/resume SCG, the UE will release the stored SCG configuration upon reception of Msg4, same as legacy UEs. 
In our understanding, it means that if the NW can’t know whether the UE can restore the SCG configuration before Msg4, the NW may not include the indication in Msg4, and correspondingly the UE has to release its SCG configuration. 
Observation 4: if the NW can’t know whether the UE can restore the SCG configuration before Msg4, the NW may not include the indication in Msg4, and correspondingly the UE has to release its SCG configuration.
However, as we know, NR early measurements can be reported as early as RRCResumeComplete message [4]. Therefore, the NW can’t obtain the UE’s early measurement reporting before sending Msg4. Then if SCG configuration is included in Msg4, it will be a blind configuration. The UE may move, or its radio condition may change during being INACTIVE. Then in this case, if the UE doesn’t provide indication on whether the stored SCG configuration can be restored to NW, the blind resume procedure may be failed because the restored SCG configuration is mismatched.   
Observation 5: If the UE doesn’t provide indication on whether the stored SCG configuration can be restored to NW, the blind resume procedure may fail due to UE movement or change of radio condition.
Therefore, we think it is necessary to introduce the indication on whether the stored SCG configuration can be restored to NW. According to RAN2#107 agreement, the NW will provide indication in Msg4 to instruct UE to release or restore the SCG configuration. Thus, this indication should be sent before Msg4, otherwise no latency benefit can be achieved.  
Observation 6: No latency benefit can be achieved if the indication on whether UE stored SCG configuration can be restored is sent after RRC resume message (i.e. Msg4).
Then, we think it makes more sense to allow UE to report 1-bit indication whether the stored SCG configuration can be restored in RRCResumeRequest (i.e. Msg3). However, there is only one spare bit left in RRCResumeRequest message, and people may have concern to use this valuable bit. 
Observation 7: There is only one spare bit left in RRCResumeRequest message, and people may have concern to use this valuable bit. 
Alternatively, we think one feasible solution is shown in Figure.1 and can be described as follows:

1) In RRC release message, NW provides the following new IEs:

· RSRP/RSRQ threshold of PSCell for the UE to validate whether the stored SCG configuration can restored.
· Two Resume-ID: Resume-ID1 is used when the predefined threshold is not met; while the other one (Resume-ID2) is used when met. 
2) If the stored SCG is validated by the UE, the UE will include Resume-ID2 in RRCResumeRequest (msg3); Otherwise the UE will include resume-ID1 in Msg3.
3) Upon reception of RRCresumeRequest message with different resume IDs, it is up to NW implementation whether to indicate UE to restore SCG configuration in RRCResume message.  

4) Based on early measurements in RRCResumeComplete, the NW can apply delta configuration for MCG/SCG in RRCReconfiguration message.
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Figure.1: Illustration of SCG resume procedure with UE assistance indication
Based on above procedure, we propose:

Proposal 4: For the purpose of UE validating whether the stored SCG configuration can be restored, RSRP and/or RSRQ threshold for PSCell of stored SCG configuration can be configured together with early measurements in RRC release message.

Proposal 5: Upon initialization of resume procedure, the UE validates whether the stored SCG can be restored with the configured RSRP/RSRQ threshold. 

Proposal 6: The UE can provide the 1-bit SCG validity indication (i.e. whether the configured RSRP/RSRQ threshold for PSCell is met) in RRCResumeRequest message.  
Proposal 7: If RAN2 has concern to use the only 1 spare bit in RRCResumeRequest message for the SCG validity indication, RAN2 considers the following alternative option:    

· Two resume IDs for the UE can be included in the RRC release message
· Depending on the SCG validity result, the UE uses different resume IDs in RRCResumeRequest message, as UE assistance indication on whether the stored SCG configured can be restored.
Proposal 8: Upon reception of RRCResumeRequest message with the explicit or implicit SCG validity indication, it is up to NW implementation whether to indicate UE to restore SCG configuration in RRCResume message.
2.3 Resume at SN

When the UE configured with MR-DC is sent to INACTIVE state by NW, the UE may reselect and camp in one cell of previous SCG. In this case, according to current resume procedure, the UE needs to initiate RRC resume procedure in the current cell, and the previous SCG will become UE’s MCG. In this case, although UE context can be retrieved by the camped cell, the UE will release its stored MCG and SCG configuration, and thereby NW can’t perform delta signalling for the UE.       
Observation 7: The UE may reselect and initiate resume procedure in one cell of stored SCG. In this case, although UE context can be retrieved by camped cell, the UE will release its stored MCG and SCG configuration, and thereby NW can’t perform delta signalling for the UE. 
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Figure.2: Illustration of resume at SN (Alt-1)
For this issue, we think there are two solutions in case of NR-NR DC:

· Alt-1: UE performs role switch of MCG and SCG upon resumption [6]:

· Upon reception of RRCResume message, the UE can swap its stored MCG and SCG configuration as baseline of further delta configuration in RRCReconfiguration message [6]. 

· It is feasible because in NR-NR DC, the MCG configuration and SCG configuration are in same RRC format and quite similar to each other.
· One example procedure is illustrated in Figure. 2. 

· Alt-2: Previous SN still resumed as SN via split bearer (no role switch of MCG and SCG): 
· Previous SN is still resumed as SN with UE’s SRB1/SRB2 and MN terminated DRB was reconfigured to split bearer before UE is sent to INACTIVE state.
· Upon reception of RRCResume message, the UE can use its stored MCG and SCG configuration as baseline of further delta configuration in RRCReconfiguration message.
· One example procedure is illustrated in Figure. 3. 
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Figure.3: Illustration of resume at SN (Alt-2)
We think both Alt-1 and Alt-2 work only under NR-NR DC in this release because NR doesn’t support direct state transition between NR RRC_INACTIVE and eLTE RRC_INACTIVE: based on TS 38.331, in case of inter-RAT re-selection from NR INACTIVE to an LTE/5GC cell, UE moves to IDLE and informs NAS to trigger NAS recovery, and also vice versa.
Observation 8: In case of NR-NR DC, the MCG configuration and SCG configuration are in same RRC format. Thus, it is feasible for the UE to swaps its stored MCG and SCG configuration for delta signalling.
Proposal 9: At least in this release, RAN2 only considers NR-NR DC for resume at SN because NR doesn’t support direct state transition between NR RRC_INACTIVE and eLTE RRC_INACTIVE. 
For the comparison between Alt-1 and Alt-2, we think Alt-2 needs extra efforts to reconfigure UE’s SRB1/SRB2 and MN terminated DRB to split bearer before suspension, but it has benefit that no need to update new path towards 5GC. 
Observation 9: Alt-2 needs extra efforts to reconfigure UE’s SRB1/SRB2 and MN terminated DRB to split bearer before suspension, but it has benefit that no need to update new path towards 5GC.
Thus, we think RAN2 can study both options:
Proposal 10: For resume at SN, RAN2 can down select from the following two alternatives:

· Alt-1: UE performs role switch of stored MCG and SCG configuration upon resumption as baseline for delta configuration in RRCReconfiguration message
· Alt-2: Previous SN still resumed as SN via split bearer reconfigured before suspension
3 Summary
In the contribution, we further discuss NR SCG resume procedure. We propose:  

Observation 1: For both NR SCell addition and HO procedures, the direct SCell state (i.e. activated or deactivated) is configured in RRCReconfiguration message. 
Observation 2: NR resume procedure is similar to NR SCell addition and HO, and it can also get the benefit of reducing SCell activation latency caused by processing of MAC-CE. 
Observation 3: It is questioned whether blind activation in Resume is feasible because of the following reasons:

1) It may cause a waste of scheduled radio resource allocation and unnecessary UE power consumption if radio condition of the activated SCell is poor.
2) New RAN4 timeline requirements are needed to introduce for both measurement-based and blind NR resume procedure. But as indicated in Section 7.7.18 and 7.7.18 of 36.133, only timeline requirements for measurement-based LTE SCell addition and HO are specified.
Observation 4: if the NW can’t know whether the UE can restore the SCG configuration before Msg4, the NW may not include the indication in Msg4, and correspondingly the UE has to release its SCG configuration.
Observation 5: If the UE doesn’t provide indication on whether the stored SCG configuration can be restored to NW, the blind resume procedure may fail due to UE movement or change of radio condition.
Observation 6: No latency benefit can be achieved if the indication on whether UE stored SCG configuration can be restored is sent after RRC resume message (i.e. Msg4).

Observation 7: There is only one spare bit left in RRCResumeRequest message, and people may have concern to use this valuable bit. 
Observation 8: The UE may reselect and initiate resume procedure in one cell of stored SCG. In this case, although UE context can be retrieved by camped cell, the UE will release its stored MCG and SCG configuration, and thereby NW can’t perform delta signalling for the UE. 

Observation 9: In case of NR-NR DC, the MCG configuration and SCG configuration are in same RRC format. Thus, it is feasible for the UE to swaps its stored MCG and SCG configuration for delta signalling.

Observation 10: Alt-2 needs extra efforts to reconfigure UE’s SRB1/SRB2 and MN terminated DRB to split bearer before suspension, but it has benefit that no need to update new path towards 5GC.
Proposal 1: For measurement-based NR resume procedure, the direct SCell state (i.e. activated or deactivated) is configured in RRCReconfiguration message followed by RRCResume.
Proposal 2: For NR blind resume procedure (i.e. SCG configuration is included in RRCResume), the direct SCell state (i.e. activated or deactivated) is also configured in RRCReconfiguration message followed by RRCResume.

Proposal 3: Send LS to RAN4 on timeline requirements for direct NR SCell activation during SCell addition, HO and resume procedures based on measurements.
Proposal 4: For the purpose of UE validating whether the stored SCG configuration can be restored, RSRP and/or RSRQ threshold for PSCell of stored SCG configuration can be configured together with early measurements in RRC release message.

Proposal 5: Upon initialization of resume procedure, the UE validates whether the stored SCG can be restored with the configured RSRP/RSRQ threshold. 

Proposal 6: The UE can provide the 1-bit SCG validity indication (i.e. whether the configured RSRP/RSRQ threshold for PSCell is met) in RRCResumeRequest message.  

Proposal 7: If RAN2 has concern to use the only 1 spare bit in RRCResumeRequest message for the SCG validity indication, RAN2 considers the following alternative option:    

· Two resume IDs for the UE can be included in the RRC release message

· Depending on the SCG validity result, the UE uses different resume IDs in RRCResumeRequest message, as UE assistance indication on whether the stored SCG configured can be restored.
Proposal 8: Upon reception of RRCResumeRequest message with the explicit or implicit SCG validity indication, it is up to NW implementation whether to indicate UE to restore SCG configuration in RRCResume message.
Proposal 9: At least in this release, RAN2 only considers NR-NR DC for resume at SN because NR doesn’t support direct state transition between NR RRC_INACTIVE and eLTE RRC_INACTIVE. 

Proposal 10: For resume at SN, RAN2 can down select from the following two alternatives:

· Alt-1: UE performs role switch of stored MCG and SCG configuration upon resumption as baseline for delta configuration in RRCReconfiguration message
· Alt-2: Previous SN still resumed as SN via split bearer reconfigured before suspension
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