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1 Introduction

SA2, RAN3 and RAN2 have discussed and confirmed the feasibility of coexistence between RRC_INACTIVE and dual connectivity[1][2],also clarified that with dual connectivity configuration the state of N2/N3 reference points can be maintained while the UE is in RRC_INACTIVE by keeping SDAP/PDCP network resource configuration on both MN and SN for UEs in RRC_INACTIVE, while removing Lower Layer resources. Stage 2 and Stage 3 CR have been agreed for inactive/DC coexistence in RAN3[3][4].
In this contribution, we will further discuss the stage 2 signalling procedure for MR-DC in RRC_INACTIVE, including NE-DC, NG-EN DC and NR-NR DC with RRC_INACTIVE.
2 Discussion

Late drop MR-DC includes NE-DC, NG-EN DC and NR-NR DC. MR-DC in RRC_INACTIVE shall consider all these kinds of dual connectivity connecting to 5GC. Before jump into the discussion of detailed signalling procedure for resumption and suspension, we have to discuss the deployment scenarios of MN and SN when we talk about MR-DC in RRC_INACTIVE: Are MN and SN heterogeneous net (i.e HetNet) or homogeneous net?
As we know, Rel.15 SA release doesn’t support direct state transition between NR RRC_INACTIVE and eLTE RRC_INACTIVE:
· 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.
· This also means eLTE cannot be configured together with NR within the same RNA list to UE.
For NR-NR DC, there is no inter-RAT mobility with RRC_INACTIVE state issue between MN and SN, but if we would like to discuss scenario where MN and SN are homogeneous net, it means we have to consider UE resumes in the last SN case, but due to its dependency on RAN2 discussion of NR-NR DC and the tight time schedule for late drop in RAN2, it would be better to restrict Rel.15 NR-NR DC in RRC_INACTIVE to the same deployment scenario as NE-DC and NG-EN DC, by this way, we only need to consider UE basic resume procedure in last MN in RRC_INACTIVE in Rel.15, the remaining procedures can be further discussed in Rel.16.
Observation 1: In Rel.15 NE-DC and NG-EN DC and NR-NR DC with RRC_INACTIVE, we can focus on the deployment scenario where MN/SN are heterogeneous deployed, where SN has a smaller coverage under MN, SN works as NSA only node, other deployment scenarios can be discussed in Rel16.
Under this deployment scenario, MN broadcasts RNA information, UE is configured with RNA list according to MN RNA information and Xn availability. What’s more, as we pointed out above, eLTE cannot be configured together with NR within the same RNA list to UE in Rel.15, so MR-DC or NR-NR DC with RRC_INACTIVE UE has to know SN is NSA only SN and shouldn’t reselect to it. If RAN2 agrees that NSA only SN doesn’t broadcast SIB1, then it is straight ford UE can know it cannot reselect to SN, if RAN2 decides NSA only SN can broadcast SIB1, there should be method in the SIB1 for UE to know it is a NSA only node and cannot reselect to it
Proposal 1: In Rel.15, for NE-DC and NG-EN DC and NR-NR DC with RRC_INACTIVE where SN is NSA only node, UE can only resume at MN.

Proposal 2: In Rel.15, for NE-DC and NG-EN DC and NR-NR DC with RRC_INACTIVE where SN is NSA only node, UE does not reselect a NSA only SN. 
Proposal 3: In Rel.15, for NE-DC and NG-EN DC and NR-NR DC with RRC_INACTIVE where SN is NSA only node, MN doesn’t request SN to page UE in the air interface.

For DL traffic to MN terminated bearer or DL N2 signalling triggered RAN Paging, Last MN can trigger Xn RAN paging procedure according to its stored UE AS context information (RAN paging cycle, RAN notification area, UE_ID etc). 
For DL traffic to SN terminated bearer triggered RAN Paging, there are two options. One option is to let MN initiate the RAN paging procedure with the request from SN, the other option is to let SN initiate RAN Paging procedure directly by itself.
The later one requires SN to have stored UE AS context to initiate RAN paging, and also requires the Xn connection available between SN and the other NG-RAN nodes within the UE configured RNA list. For MN/SN heterogeneous deployment of NE-DC, NG-EN DC and NR-NR DC cases, the feasibility of SON of Xn setup procedure between NSA only SN and other NG-RAN nodes needs be discussed in RAN2/RAN3 first.
To simplify the discussion in standard, we can just focus on the first option in late drop, to only discuss MN initiates RAN paging procedure, and in Rel.16, we can further discuss the SN initiates RAN paging.
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Figure 1 DL traffic to SN terminated bearer triggers MN to initiate RAN Paging
Proposal 4: In Rel.15, for NE-DC and NG-EN DC and NR-NR DC with RRC_INACTIVE where SN is NSA only node, DL traffic to SN terminated bearer will trigger MN to initiate RAN paging procedure.

For NE-DC and NG-EN DC, SN are different RAT with MN, to support UE in RRC_INACTIVE with NE-DC or NG-EN DC resumes in last SN, Inter-RAT mobility between eLTE and NR in RRC_INACTIVE have to be supported first which is currently not the situation in RAN2.
Observation 2: In order to allow UE in RRC_INACTIVE with NE-DC or NG-EN DC to resume in last SN in RRC_INACTIVE state, Inter-RAT mobility between eLTE and NR in RRC_INACTIVE has to be supported first.
Proposal 5: In Rel.15, when UE in RRC_INACTIVE with NE-DC or NG-EN DC or NR-NR DC reselects to another RAT, it enters RRC_IDLE state. UE in RRC_INACTIVE with NE-DC or NG-EN DC or NR-NR DC resumes in last SN in RRC_INACTIVE state can be discussed in Rel16.

When UE resumes in the last MN, UE may not be in the coverage of last SN, so SN can either be blindly resumed without any measurement or resumed based on measurement report on SN from UE to MN side. The first option is not good because it will lead to waste of UE power in case SN is not in good coverage, it also will involve radio link failure in this case and additional latency will be needed to remove the last SN.

What’s more, UE resumes last MN will receive msg.4 with at least integrity protection in successful case, MN can configure measurement to UE in Msg.4 immediately without SMC procedure, UE can start measurement procedure upon receiving Msg.4.
Proposal 6: When UE in RRC_INACTIVE with NE-DC or NG-EN DC or NR-NR DC resumes in the last MN, MN is resumed with SN still suspended upon Msg.4. Measurement on SN is reconfigured to UE in Msg.4. SN will be resumed after Measurement report on SN is received by MN from UE.

For any DL traffic to SN terminated bearer triggered MN initiated RAN paging, when UE resumes in the last MN, the delivery of SN terminated DL traffic to UE upon UE resumption can be two options. 

Option A: Resume in MN with SN upper Layer/lower layer suspended
Option A will add temporary DRB in MN side for data forwarding from SN side if any DL traffic buffered to SN terminated bearer, that DL traffic will be delivered to UE from MN side which is similar to HO data forwarding procedure. 

SN side resource (Upper layer and lower layer) are suspended when MN side is resumed(step 4).

Measurement on SN side is configured to UE in msg.4(step 4). 

If measurement report on SN side is received (step 6), MN will trigger S-Node Modification request with re-establish lower layer resource request to resume SN side. Temporary DRB for data forwarding in MN side will be removed in RRCReconfiguration(step 9).

If no measurement report on side is received, MN will release SN( step 12-15).
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Figure 2 Resume in MN Option A: Resume in MN with SN upper Layer/lower layer suspended

Option B: Resume in MN with SN lower layer suspended
Step 0-2: when MN decides to move UE to RRC_INACTIVE, it reconfigures all SN terminated SCG bearer to SN terminated SCG split bearer, thus, from SN side, there might be SN terminated SCG split bearer, SN terminated MCG bearer but no SN terminated SCG bearer.

Step 3-5: When UE is moved to RRC_INACTIVE, side SN lower layer resource is released.

Step 6-7: Any DL traffic to SN terminated bearer will trigger SN to send activity notification to MN to request MN to initiated RAN paging.

Step 8-13: When UE resumes in the last MN, MN will send Xn msg to SN for SN to resume its upper layer and corresponding MCG leg if any buffered DL traffic to deliver via MN side.

Measurement on SN can be configured to UE in msg.4. SN side lower layer resource is still suspended upon msg.4.

When measurement report on SN is received, MN will trigger S-Node Modification request with re-establish lower layer resource request to resume SN side.
If no measurement report on side is received, MN will release SN.
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Figure 3 Resume in MN Option B: resume in MN with SN lower layer suspended
	
	Pros.
	Cons.

	Option A
	· Upon suspension, no need to reconfigure SN terminated SCG bearer to SN terminated SCG split bearer first.

· UE resume in MN, all the DL traffic to SN terminated bearer will be security protected with Master key.

· All SN configuration including both upper layer and lower layer are suspended upon Msg.4(including SN terminated SCG bearer/SN terminated SCG split bearer/SN terminated MCG bearer)
	· Upon resumption in MN, need to add temporary MN terminated MCG bearer for each SN terminated bearer which has DL buffered traffic in SN

· Temporary MN terminated MCG bearer may need to be removed when SN is resumed.

· Data forwarding back and forth between MN and SN

	Option B
	· Upon resumption in MN, need not add temporary MN terminated MCG bearer for DL data transmission and release it after SN is resumed.

· No data forwarding back and forth between MN and SN

· SCG lower layer configuration is suspended while SCG higher layer configuration is resumed upon Msg.4
	· Upon suspension, need to reconfigure SN terminated SCG bearer to SN terminated SCG split bearer first.

· UE needs to handle MN resume with SN suspension, but SN PDCP is activated

· DL traffic to SN terminated bearer is security protected with Second key


From our point of view, Option A is better than Option B as it need not to reconfigure SN terminated bearer to SN terminated split bearer before suspension, it only need to add temporary MN terminated MCG bearer for each SN terminated bearer which has DL buffered traffic in SN, option A has the goal to deliver data through SN. 
Proposal 7: RAN2 discuss two options of how to handle of DL buffered traffic to SN terminated bearer 

· Option A: upon resumption, MN adds new temporary MN terminated MCG bearer in MN side for each SN terminated bearer if any DL buffered traffic for transmission in SN. 

· Option B:  before suspension, reconfigure SN terminated bearer SCG bearer to SN terminated SCG split bearer. Upon resumption, DL buffered traffic to SN terminated SCG split bearer is transmitted to UE via SN terminated SCG split bearer MCG leg.

When UE resumes in a new NG-RAN (same RAT as Last MN), in Rel.15, we can simplify the procedure to have dual-connectivity change to single connectivity in the new NG-RAN with data forwarding from last MN to new NG-RAN.
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Figure 4 Resumes in new NG-RAN
Proposal 8: When UE in RRC_INACTIVE with NE-DC , NG-EN DC or NR-NR DC resumes in a new NG_RAN( same RAT as Last MN), Dual connectivity will change to single connectivity, Any DL traffic to last MN terminated bearer will be forwarded to new NG_RAN, Any DL traffic to SN terminated bearer will be forwarded to new NG-RAN via Last MN. 
3 Summary
Observation 1: In Rel.15 NE-DC and NG-EN DC and NR-NR DC with RRC_INACTIVE, we can focus on the deployment scenario where MN/SN are heterogeneous deployed, SN has a smaller coverage under MN, SN works as NSA only node, other deployment scenarios can be discussed in Rel16.

Proposal 1: In Rel.15, for NE-DC and NG-EN DC and NR-NR DC with RRC_INACTIVE where SN is NSA only node, UE can only resume at MN.

Proposal 2: In Rel.15, for NE-DC and NG-EN DC and NR-NR DC with RRC_INACTIVE where SN is NSA only node, UE does not reselect a NSA only SN. 
Proposal 3: In Rel.15, for NE-DC and NG-EN DC and NR-NR DC with RRC_INACTIVE where SN is NSA only node, MN doesn’t request SN to page UE in the air interface.

Proposal 4: In Rel.15, for NE-DC and NG-EN DC and NR-NR DC with RRC_INACTIVE where SN is NSA only node, DL traffic to SN terminated bearer will trigger MN to initiate RAN paging procedure.

Observation 2: In order to allow UE in RRC_INACTIVE with NE-DC or NG-EN DC to resume in last SN in RRC_INACTIVE state, Inter-RAT mobility between eLTE and NR in RRC_INACTIVE has to be supported first.

Proposal 5: In Rel.15, when UE in RRC_INACTIVE with NE-DC or NG-EN DC or NR-NR DC reselects to another RAT, it enters RRC_IDLE state. UE in RRC_INACTIVE with NE-DC or NG-EN DC or NR-NR DC resumes in Last SN in RRC_INACTIVE state can be discussed in Rel16.

Proposal 6: When UE in RRC_INACTIVE with NE-DC or NG-EN DC or NR-NR DC resumes in the last MN, MN is resumed with SN still suspended upon Msg.4. Measurement on SN is reconfigured to UE in Msg.4. SN will be resumed after Measurement report on SN is received by MN from UE.

Proposal 7: RAN2 discuss two options of how to handle of DL buffered traffic to SN terminated bearer 

· Option A: upon resumption, MN adds new temporary MN terminated MCG bearer in MN side for each SN terminated bearer if any DL buffered traffic for transmission in SN. 

· Option B:  before suspension, reconfigure SN terminated bearer SCG bearer to SN terminated SCG split bearer. Upon resumption, DL buffered traffic to SN terminated SCG split bearer is transmitted to UE via SN terminated SCG split bearer MCG leg.

Proposal 8: When UE in RRC_INACTIVE with NE-DC , NG-EN DC or NR-NR DC resumes in a new NG_RAN( same RAT as Last MN), Dual connectivity will change to single connectivity, Any DL traffic to last MN terminated bearer will be forwarded to new NG_RAN, Any DL traffic to SN terminated bearer will be forwarded to new NG-RAN via Last MN. 
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