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1. Introduction

This is an email discussion for R17 proposal on MR-DC (Multi-RAT dual connectivity) enhancements. As per the launch of 5G deployment, operators might choose to stage their deployments of different architecture options over time and therefore smooth interworking among these deployment options is important. In this email discussion, we collected key issues which have been proposed in RAN#84 and RAN2 meetings. Companies are invited to share views on these issues and potential new issues that may need to be addressed in release 17. 

Email discussion on R17 proposals on MR-DC enhancements 
Intended outcome: Email discussion report for RAN#85

Deadline: Monday 2019-09-05
The moderator will formulate a summary based on discussion and share it on the RAN_DRAFTS email reflector before 2019-09-09 for companies to check. 
2. Discussion on proposed key issues for R17 MR-DC enhancements
Related RAN plenary contributions:
RP-191007
Overview of Rel-17 work areas for NR and LTE
Huawei, HiSilicon
RP-190919
Views on NR Rel-17






China Telecom
RP-190968
LG Uplus views on Rel-17





LGUplus
RP-191173
Overall view on NR evolution in Rel-17


Samsung
RP-191293
Summary of LG's view on Rel-17 NR evolution
LG
RP-191345
New WID: NR further mobility enhancements

Intel
RP-192159
On Rel-17 MR-DC/CA continuation


Ericsson
……
If there are relevant contributions which are missed, please feel free to add here.
Issue 1: one-step handover from NR SA to NSA 
Reference: RP-191007, RP-190968
Use cases:

Currently one step Handover (HO) from NR SA to EN-DC (i.e. handover from NR to LTE + SN addition in one step) is not supported. In this case, the target eNB can only perform SN addition after the UE finishes HO, and during the SN addition procedure, the UE cannot use the SN to boost data rate.
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Figure 1: scenario of HO from NR SA to NSA
As operators start to deploy 5G, it would become very likely that NSA and SA options would co-exist for a long time. In this case to have a more efficient interworking between NSA and SA is important for real market.

Objective:

· Specify mechanisms to support one step HO from NR SA to EN-DC [RAN2, RAN3].
Q1: Companies are invited to share views on this use case and objective:
	Company
	Comments

	China Telecom
	Support Issue 1. We think this issue is important. NSA and SA will co-exist during 5G deployment, and there will be a data rate gap when SN addition is only performed after UE finishes handover form NR gNB to LTE eNB. Mechanisms like fast-SN addition or pre-SN connection can be developed.

	Telia Company
	Support.

SA and NSA options are going to coexist long time in 5G networks. SA and NSA (5G gNB and en-gNB) can be in the same cell site HW & SW.
Optimized interruption time to near 0ms or lossless is needed in Rel-17.

	Telstra
	Support. NSA will coexist with SA deployments for some time, any enhancements that approve mobility performance is beneficial

	BT
	We would support investigating direct inter-system HO with EN-DC configured on the target side, to maintain the data rate after HO, without an additional delay to add the SN.  
Optimisation of data forwarding paths when moving between gNb & eNB/en-gNB including direct data forwarding should be considered, ideally the basic SA<->NSA handover functionality should be included in R16 with further enhancements for 0ms/lossless in R17.

	TI
	We see no urgency for this. As far as we understood, this scenario considers the handover from a source system which is NR standalone-connected to 5GC towards a target system where LTE can be in DC with a physically separated NR node and LTE is connected to EPC. Based on that, we see NR SA and EN-DC as alternative deployments at this point in time, i.e. it might be difficult they will be realized in the same area. Hence, we think that this enhancement can be postponed and reconsidered in future releases, i.e. once 5GC-based networks have been extensively deployed.

	Telefonica
	Support. Mixed deployment scenarios will co-exist along the NSA to SA migration process. It is important to guarantee direct handover to avoid performance degradation. 

	LG Uplus
	Support. We think it is the use case that should be enhanced. For a long time, EN-DC and SA(option2) can be existing together.

	KPN
	Support. The assumption in our case is that the eNB and gNB will be co-located in the same baseband unit and the SA and NSA will coexist for some time, hence the HO+SN addition should be in one step.  

	CMCC
	Support
In our opinion, one step NR SA to EN-DC HO is important, since that NSA and SA operations would co-exist for some time, and one step HO could achieve lossless/0ms. 

	Huawei
	Support. In our understanding, this issue is of high priority.

NSA and SA options may be deployed in the same area at the same time, and even the two options may be supported by the same NR node, Enabling direct HO from SA to NSA is beneficial to increase the NR utility, and also to avoid dramatic data rate drop in the target side.

In addition, we share the view from Telia that lossless HO (even 0ms) between LTE and NR can also be considered, based on which the HO between NSA and SA can also be lossless (even achieving 0ms). 

	LGE
	Support. Rel-15 NR already supports SN addition during Xn HO procedure within 5G core (i.e. from NR NSA to NE-DC, NR-DC). SN addition during inter-system HO (LTE to MR-DC and NR SA to EN-DC) is also achievable. Some RAN3/CT impact is expected. 

	China Unicom
	Support.
NSA and SA will co-exist in 5G deployment for some time, it will be beneficial to support one step HO from NR SA to EN-DC.

	TELUS
	TELUS supports issue 1, it will be critical for user experience as we anticipate to have SA and NSA deployments at the same time. 

	From Ericsson RP-192159
	One scenario which is likely to happen in the coming years is that there is spotty NR-coverage and EN-DC deployments. In such scenarios the UE may first be served by an NR cell but then move out of the NR-cell towards an LTE cell. It may be best, e.g. for robustness, that the UE is handed over to LTE in this case. But to not completely loose the high throughput offered by NR, the network may want to configure the NR-cell(s) in an SN. However, to do this today would require two steps as it is not possible to add an SN at the same time as a handover to LTE is performed.


Issue 2: 0ms change for SN in NSA deployment 
Reference: RP-191007, RP-191293, RP-191345
Use case:
In case of EN-DC, the SN change procedure could happen more frequently than legacy HO due to smaller coverage of NR NSA cell. Currently the SN change will bring data interruption similar with legacy HO, which brings more significant impact on UE experience. Therefore, it is worth considering to reduce SN change time to support 0ms interruption.
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Figure 2 Scenario of SN change when MN is not changed
As in Rel-16 there are already candidate solutions to support 0ms mobility, it might be possible that the principle can be re-used for NSA case and therefore study might not be necessary, and only changes adapting to NSA specific case need to be considered. FR2 might need to be additionally considered due to its own characteristics.
Objective:

· Specify a mechanism to support 0ms SN change in NSA deployment [RAN2, RAN3].
Q2: Companies are invited to share views on this use case and objective:
	Company
	Comments

	China Telecom
	Support Issue 2. There probably be a data rate gap when UE only transmission via MN during SN change. During SN change procedure, Make-Before-Break likely solution may be applied as candidate for 0ms SN change. We are also interested to distinguish when 0ms SN change is needed and when it is not necessary.

	Telia Company
	Support.

0 ms SN change in EN-DC is needed to support seamless 5G mobility and performance for various use cases.

	Telstra
	Support 

	BT
	We support 0ms handovers in R17 for SN change in NSA to support delay sensitive service in EN-DC.

	TI
	Support. We this is an important enhancement for mobility in the context of EN-DC networks, especially in FR2. In this case, due to the limited coverage of a NR cell deployed in FR2 and UE mobility, it could be possible that SN release and SN addition procedures will be continuously triggered, hence leading to unacceptable UE throughput fluctuations.

	Telefonica
	Support. Agree with TIM`s comments

	LG Uplus
	Support. Also it is desired use case and we think if the issue 3 can be handled well, it implies that issue 2 can be managed as well. So this may be the subset use case of issue 3. 

	KPN
	Support. 0 ms SN change in EN-DC is required to avoid interruptions in the throughput for NSA. Advantage can be gained from the candidate solutions for 0ms mobility ongoing in rel-16.

	CMCC
	Support
We agree that the legacy SN change solution could lead to data interruption on SN link. And R16 make-before-break approach is easy to be considered to solve this problem, however it is more related to UE capability, since UE should maitain 3 legs simultaneously. Therefore, how to achieve 0 ms SN change needs further study.

	Huawei
	Support. In our understanding, this issue is of high priority.

In case that the NSA cell coverage is smaller than LTE PCell coverage, the SN change will be more frequent than normal HO, which leads to UE data interruption on both of SN terminated bearers and SCG bearers. UE performance improvement can benefit from the 0ms SN change solution.

	LGE
	No strong view. In Rel-16, 0ms interruption handover is being introduced based on non-DC based architecture. SN change with 0ms interruption is basically to introduce DC based 0ms mobility solution that was excluded in Rel-16. We, however, agree that SN change with 0ms interruption is beneficial for user QoS.

	China Unicom
	Support.
0ms SN change in NSA deployment will enable more use cases under NSA deployment.

	From Ericsson RP-192159
	Consider an urban scenario where in some areas there are dense deployments of e.g. FR2 cells, a UE moving around in this area may have frequent SN changes, but a change of the SN does not mean a change of the MN, in general. It is also likely that in this scenario it is the SNs which are providing most of the throughput for the UE while the MN is used as an anchor. In this scenario, each SN-change would cause interruptions for the UE which for example could make the UE's throughput to be reduced significantly each SN change. To improve this scenario we suggest an objective to reduce the interruption of the SN-change, e.g. RAN WGs can consider Rel-16 features from the Mobility Enhancements WI.


Issue 3: 0ms handover between EN-DC cells 
Reference: RP-191007, RP-191345
Use case:

In current specification HO with EN-DC operation is supported, e.g. MN change with SN change and MN change without SN change. However, the further mobility enhancements for LTE in Rel-16 only targets standalone LTE operation without including EN-DC. In this case, the HO with EN-DC operation cannot achieve good handover performance with 0ms interruption. As EN-DC is expected to be widely deployed, it is worth considering to apply the mobility enhancement to handover case between EN-DC cells.
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Figure 3 Scenario of HO between EN-DC cells
Similarly as the above, the NR mobility and LTE mobility specified in Rel-16 can be considered to be re-used with changes adapting to EN-DC specific design.

Objective: 

· To specify a mechanism to support 0ms HO between EN-DC cells.
Q3: Companies are invited to share views on this use case and objective:
	Company
	Comments

	China Telecom
	Support Issue 3. In this scenario, if the solution based on Make-Before-Break in Rel-16 is re-used, it should be improved to be less complicated and power-consuming considering the double EN-DC cells.

	Telia Company
	Support.

Fast handover between EN-DC cells is important for Telia. Only SA based solution is not enough.

	Telstra
	Support

	BT
	We support 0ms handovers in R17 between EN-DC cells

	TI
	Support. We this is an important enhancement for mobility in the context of EN-DC networks, especially in FR2. In this case, due to the limited coverage of a NR cell deployed in FR2 and UE mobility, it could be possible that after the classical HO procedure and successive SN addition operated by the new (target) MN, another HO might be needed (at worst), hence reiterating again this whole time-wasting procedure. This improvement could also avoid unacceptable UE throughput degradations and fluctuations.

	Telefonica
	Support. 0ms handover between EN-DC cells is necessary in Rel-17 considering the widely adoption of NSA for 5G deployments

	LG Uplus
	Support. Also it is a desired scenario, but if we have more than 2 legs by the solution like make-before-break, then what kind of drawbacks can be expected? Any treatments to handle for the drawbacks also required to be considered.

	KPN
	We support the mobility enhancements to handover case between EN-DC cells, inclusive the support of 0ms HO.

	CMCC
	Support
Similar concern with issue 2, we prefer to achieve a lossless/0 ms handover, but we still need to consider different UE capability.

	Huawei
	Support. This issue will occur when MN is changed (MN HO) with SN change.

	LGE
	No strong view. In Rel-16, 0ms interruption handover is being introduced based on non-DC based architecture. The HO between EN-DC with 0ms interruption is basically to introduce DC based 0ms mobility solution that was excluded in Rel-16. We, however, agree that HO between EN-DC with 0ms interruption is beneficial for user QoS.

	China Unicom
	Support.
Similar view as issue 2.

	From Ericsson RP-192159
	A UE in DC which approaches the cell-edge, would today have to first perform a handover and then, an SCG is added. This causes interruptions which leads to reduced throughput etc. 


Issue 4: fast (de)activation for SN/Scell
Reference: RP-190919, RP-191173 
Use cases:

It is evaluated in RP-190919 that in some cases NR power consumption is 3 to 4 times higher than LTE. In NSA deployment, MN provides the basic coverage and SN is worth considering to be (de)activated to save network energy consumption. 
More specifically, considering the characteristics of FR2 as the activation procedure might be too long, it is also worth considering how to improve the performance on SCG which is FR2.
Objective:
· Specify efficient activation/de-activation procedure for SN.
Q4: Companies are invited to share views on this use case and objective:
	Company
	Comments

	China Telecom
	We are interested in Issue 4 which is beneficial for power saving. Some emphasis may be placed on SCG (de)activation’s impact on EN-DC mobility. We should also consider other FR use cases besides FR2 SCG.

	Telia Company
	Interested on power saving improvement for NR (NSA).
Importance depends how much Uu latency is increased due to SGC/PSCell addition and release procedures and how often those are executed. 

	Telstra
	Agree with Telia’s comments

	BT
	We would support this proposal in order to protect reduce energy consumption of both the SN and the UE, allowing the SN resources to remain configured but allowing SCG to (de)activated due to payload, ideally a solution would be provided in R16

	TI
	Interested in power saving mechanisms, however we have some concerns on the use of this feature, in particular the SN de-activation: DC, as opposed to CA, can be set up only for connected mode UEs for several purposes (not only UE throughput boosting but also link robustness, reliability, …). It is not clear to us what does SN de-activation mean, in the sense that SN de-activation, to us, should imply DC is aborted.

	Telefonica
	We would support power saving improvements. Agree with Telia`s comments

	LG Uplus
	Support. Interested in the reduced time for (de)activation of SN/Scell and battery saving. The evaluation between the mechanism and power saving should be identified. 

	KPN
	Support. Interested in reducing energy consumption of both the SN and the UE. Other FR use cases besides FR2 SCG can be also considered.

	CMCC
	Support
Fast (de)activation for SCG/Scell could help to both UE power saving and  fast configuration.

	Huawei
	Support. With high priority.

Power saving for NR link is very important from both of network point of view and UE point of view. The fast activation/deactivation of SCG in case of EN-DC can significantly decrease power consumption without increasing configuration signalling overhead and latency.

	LGE
	Since Rel-16 eDC/CA WI already includes fast activation for SN/SCell, we need to further wait the progress and completion results of Rel-16. 
In addition, since the fast (de)activation of SN/SCell is related to the power saving, we need to consider whether the fast (de)activation for power saving would be best treated in Rel-17 MR-DC scope or in somewhere else

	China Unicom
	Support.
Interested in improvement on UE power saving and network SN operation efficiency.

	From Ericsson RP-192159
	For CA, SCells can be activated and deactivated, this to adjust to the current traffic situation of the UE. In Dual Connectivity the PSCell can never be deactivated. Instead the whole SCG needs to be deconfigured if it should not be used, which is a slow and signaling intensive procedure. One approach would be to allow for suspending the SCG which for example will reduce UE power consumption when the SCG is not used, while still allow for quick return to DC-operation when needed. 


Issue 5: any other issue

Please feel free to add any other use cases here.
……
Q5: Companies are invited to share views on this use case and objective:
Issue 5-1: Reduced interruption for Inter-MN handover without SN change in MR-DC
	Company
	Comments

	From Ericsson RP-192159
	Similar to the scenario of reduced interruption for SN change in MR-DC, it may also happen that the UE moves in to the coverage of another MN but the SN remains the same. Based on current specifications in this scenario, the UE would have to perform a RA procedure towards the SN even though the SN remains the same. And it is likely that all the UE's traffic goes via the SN in this case. To avoid interruptions to the UE's traffic via the SN it is suggested that RAN should have an objective to reduce interruptions for MN-change without SN change.

	
	

	
	

	
	

	
	

	
	

	
	


Issue 5-2: Early measurement reporting of stored SCell/SCG with RRC (Connection) Resume
	Company
	Comments

	From Ericsson RP-192159
	In Rel-16 it is added support for UE reporting measurements of candidate SCells when the UE enters connected. However, in many scenarios users are static and hence the SCells which the UE had prior to entering INACTIVE would also be perfectly fine when the UE returns to CONNECTED later. Therefore it is suggested that the UE should indicate whether this is the case or not, i.e. if the SCells/SCG which is in the UE's AS context is still good or not.

	
	

	
	

	
	

	
	

	
	

	
	


Issue 5-3: Fast PCell recovery via SCell
	Company
	Comments

	From Ericsson RP-192159
	In the Rel-16 MR-DC/CA WI, work is ongoing for recover from an MCG-failure via the SCG. However in CA, if the PCell fails the UE will trigger RLF/reestablishment if the PCell fails, even if the UE has an SCell with works without problems. To avoid RLF/reestablishments in CA-scenarios the Rel-16 concept from MR-DC/CA could be extend such that if the PCell fails the UE can recover via an SCell.

	
	

	
	

	
	

	
	

	
	

	
	


3. Summary

Summary of Issue 1:

14 companies provided their views in this document on this issue and all companies confirmed the issue: 13 companies support this Rel-17 objective, and 1 company thinks it is not urgent and can be done in future release. 3 companies explicitly mentioned lossless HO (even 0ms) between NR and LTE/EN-DC.
2 companies expressed the view via email that this bullet might be related to eDCCA in Rel-16.
Proposal 1: To continue the email discussion to justify whether to support one step HO from NR SA to EN-DC as an objective for MR-DC enhancements WI in Rel-16 or Rel-17. 

Proposal 2: To confirm to support lossless HO (even 0ms) between NR and LTE/EN-DC in Rel-17.
Summary of Issue 2:

13 companies provided their views in this document on this issue and all companies confirmed the issue. 12 companies support this Rel-17 objective, and 1 company is neutral.

1 company expressed the view via email that this might be related to Rel-16 NR mobility WI.

However from the sourcing companies view this has never been discussed under NR mobility and also not explicitly written in WI description. Based on the feedback, it is seen useful to have it in Rel-17.

Proposal 3: To confirm to support 0ms SN change in NSA deployment in Rel-17.
Summary of Issue 3:

13 companies provided their view in this document on this issue and all companies confirmed the issues. 12 companies support this Rel-17 objective, and 1 company is neutral.

1 company expressed the view via email that this might be related to Rel-16 NR mobility WI.

However from the sourcing companies view this has never been discussed under NR mobility and also not explicitly written in WI description. Based on the feedback, it is seen useful to have it in Rel-17.
Proposal 4: To confirm to support 0ms HO between EN-DC cells in Rel-17.
Summary of Issue 4:

13 companies provided their view in this document on this issue and all companies are interested in power saving for NR link in EN-DC. 9 companies support this Rel-17 objective, 3 companies have further consideration on the signaling latency reduction or detailed SN (de)activation use cases, and 1 company has concern that this issue is related to current on-going Rel-16 eDCCA WI. 2 companies expressed similar view via email about the potential overlapping with the on-going Rel-16 eDCCA WI.

Considering there may be several potential solutions to perform SN (de)activation, which have different impact on latency reduction or UE behaviors, it would be more feasible to do the evaluation on power saving and latency reduction in stage 3 based on the more detailed solutions. In addition, we understood there is an ongoing Rel-16 WI on DC/CA enhancements, while the current Rel-16 WI scope already includes a lot of open issues on the table. We think it is more realistic to specify SN (de)activation mechanism in Rel-17.

Proposal 5: To continue the email discussion to justify whether efficient SN activation/de-activation for power saving and signaling latency reduction can be done in Rel-16 or Rel-17.
As some topics are still under Rel-16 discussion it is possible that there would be some additional leftovers. Therefore this email discussion seems suitable to be continued to take this part into account as well. There are additional aspects proposed to be considered in Rel-17, including reduced interruption for inter-MN handover without SN change in MR-DC, early measurement reporting of stored SCell/SCG with RRC Resume and fast PCell recovery via SCell. These aspects need more feedback from companies and it can be further discussed before December meeting.
Proposal 6: to continue the email discussion on potential leftovers from Rel-16 related WIs (e.g. DC/CA enhancements and NR mobility) including the above mentioned aspects.

4. Conclusion

In this email discussion, up to 14 companies share views on the issues proposed by several companies in RAN#84 meeting. Based on the summary above, the moderator provides following proposals:

Proposal 1: To continue the email discussion to justify whether to support one step HO from NR SA to EN-DC as an objective for MR-DC enhancements WI in Rel-16 or Rel-17. 

Proposal 2: To confirm to support lossless HO (even 0ms) between NR and LTE/EN-DC in Rel-17.

Proposal 3: To confirm to support 0ms SN change in NSA deployment in Rel-17.
Proposal 4: To confirm to support 0ms HO between EN-DC cells in Rel-17.

Proposal 5: To continue the email discussion to justify whether efficient SN activation/de-activation for power saving and signaling latency reduction can be done in Rel-16 or Rel-17.
Proposal 6: to continue the email discussion on potential leftovers from Rel-16 related WIs (e.g. DC/CA enhancements and NR mobility) including the above mentioned aspects.
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