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1
Introduction

RAN3 has received an LS from SA2 in R3-170353 [1], reporting the current status of discussions on Light Connection as per attached S2-170698 [2].
For quite some while, 3GPP work on Light Connection was solely performed in RAN WGs, i.e. RAN2 and RAN3. It has been clear for a while that at least CT1 involvement would need to be necessary. CT1 decided to create a WI which was approved at TSG#74 in December and to contact SA2 to assess the overall system impact.

At SA2#118bis, SA2 started to look into the overall system impact, trying to organise the work from an overall architecture impact.

As it looks right now, the necessity seems to arise to spend more work than expected into overall system aspects of Light Connected. 

This paper reviews the current status in SA2 and proposes a way forward.
2
Discussion

In order to assess the current situation of the 3GPP work on Light connection, this paper takes the topics identified by SA2 and tries to analyse the impact on RAN3 work, one by one:
1)
RAN paging failure, potential CN impact
This topic corresponds to Issue 10, listed in the RAN3 WF [3] on CN Paging Assistance. It is also related to topic 10 on X2 availability. The topic as such was sufficiently discussed and explained already during RAN3 discussions. Given the fact, that X2 connectivity cannot be guaranteed for eNBs which do not have actual neighbouring/overlapping serving cell areas – not even for eNBs which do have neighbouring/overlapping cell areas, support of RAN paging with CN assistance was seen as a requirement in order to guarantee reachability of the UE. Ensuring that reachability of UEs is not degraded has been a must so far for any (new) feature introduced. 
In this context, CN Paging assistance has to be seen as part of RAN paging.

Proposal 1: Liaise SA2 that RAN3 agrees on the overall approach to release S1 in case of RAN paging failure. However, CN assistance for RAN paging is regarded as part of RAN paging and should be supported in the context of light connection.
2)
UE mobility to 2G/3G and ISR

ISR is regarded as higher layer functionality, discussions are therefore not within RAN3 scope.

3)
Potential CN impact for extended out of coverage: implicit detach, etc.


SA2 clarifies that it expects RAN to provide a solution for this topic, so far no RAN3 impact is foreseen, an RRC solution is expected (e.g. periodic update procedure).

Note: Not within RAN3 scope.
4)
Handling of Paging Priority indication for Light Connection

Note: SA2 is expected to provide a decision
5)
NAS Timers

Note: CT1 is expected to provide a decision
6)
UE Reachability: how does the CN know when UE is reachable or not under Light Connection?

SA2 discussions as captured in [2] suggest that this issue is solved by introducing a periodic update procedure on RRC level and releasing S1 in case UE was not reached.  as described under topic 1. If SA2 wishes to go beyond those schemes, as the title of topic 6 would suggest, RAN3 should get involved in respective work. It should be highlighted that RAN3 assumes, as a design principle, that the MME is in general not aware when a UE is actually in light connected mode. One possibility would be that in exceptional cases, an S1 Notification is sent to the MME (“LC on/LC off”).  
Proposal 6: RAN3 should highlight to SA2, that up to now it was assumed that the MME is in general not aware of the UEs RRC connectivity mode. 
7)
Handling of MT CSFB/SMS

Topic 7 has been actually discussed in RAN3 already. SA2 is considering, as one possibility, a “non-support of LC” indication from the CN if the UE performs a combined attach for CSFN, which would probably decrease the possibility of applying LC in 4G at all: If all UEs (smart phones) that have performed a dual attach for CSFB are not allowed for LC, it will be much less attractive to introduce LC for EPS.
Proposal 7: RAN3 should wait for decisions on MT CSFB/SMS and analyse the outcome once available.
8) HSS impact

Note: Not within RAN3 scope.
9) Support of eDRX and PSM, LC incompatible with power saving achieved by PSM and eDRX.

Topic 9 seem to be in line with discussions in RAN2. SA2 indicates the possibility to indicate whether PSM and eDRX have been negotiated and provide this information to the RAN.
Proposal 9: Although discussed in RAN3, we should wait for decisions eDRX and PSM and analyse the outcome once available.
10) X2 not available, potential need for S1 context fetch.

Topic 10 seems to have caused some discussions in SA2. In principle, concepts on S1 based contexfetch (and CN assisted paging) have been developed in RAN3. As commented for topic 1, in general, X2connectivity can in general not be guaranteed between eNBs. Having no possibility of fetching UE contexts via S1 would imply the need for the UE to perform a complete NAS recovery, hence losing benefits of Light Connection.
Proposal 10: Agree on the necessity of supporting S1 context fetch and inform SA2.
11) Handling of NAS messages at inter eNB handover
This is related to issues 5 and 7 in the LC WF paper [3]. We finally suggest to not introduce any new mechanism and go for the existing S1 NAS Non Delivery Indication.
Proposal 11: Agree on the method to use S1 NAS Non Delivery Indication procedure at inter-eNB mobility.
12) Successful intra-LTE Light Connected mobility handling at CN.
It is not really evident why SA2 would need to have a decision on that, as work in RAN3 already foresees that UE moving to regular connected mode in different eNB from anchor eNB looks like X2-based HO to CN.
Proposal 12: Liaise to SA2 on topic 12 that normative work on that topic has progressed in RAN3 already sufficiently and indeed, inter-eNB mobility in LC appears like X2 HO to the EPC (using S1 Path Switch).
13) MME load re-balancing “what does the eNB do when the UE is in light connected state when the MME releases the S1 connection with release cause "load balancing TAU required" since there is no RRC connectivity?”

The straight forward solution would foresee to trigger an MME initiated S1 Release, and therefore page the UE. Such approach is of course costly in terms of radio resource usage. Therefor TS 23.401 suggests that The MME should not release all S1 connections which are selected to be released immediately when offloading is initiated. The MME may wait until the S1 Release is performed due to inactivity. 
The issue with such approach is of course that some UE associated logical S1 signalling connections would be kept for quite a while which makes it impossible to off-load MMEs as suggested in TS 23.401.
Proposal 13: It is proposed to comment to SA2 that a baseline solution would foresee to page UEs which contexts would need to be offloaded from the serving MME, causing potential overload in the RAN. If required, RAN3 could further study the issues and search for acceptable solutions.
14) The RAN needs to ensure that the negotiated NAS DRX is respected

Current work in progress foresee to provide UE specific DRX on S1, further specification work is expected to take place in RAN2. 

Proposal 14: Wait for progress in other WGs and review RAN3 specification work then.
15) Mismatch of states: UE in CONNECTED LC and NW in IDLE 

Handling of such cases is up to RAN2 to decide, a possibility would be to require the UE to listen to AS and NAS identifiers at paging.
Proposal 15: Wait for RAN2’s final decision and review RAN3 specification work then.
16) Mismatch of states: NW in CONNECTED LC and UE in IDLE.
This topic, like topic 15, is again about reachability of UEs.

Proposal 16: Wait for progress in other groups and review RAN3 specification work then.
17) PLMN selection in LC
No impact on this topic is expected in RAN3, it is expected that current AS/NAS mechanisms would be sufficient to support LC within the area it is applied (registered TAs, list of cells)

18) When using the S-TMSI for RAN paging (e.g. at least to handle the abnormal case of the UE bring in idle state and the network thinking that the UE is in connected state) the RAN will need to be informed when the MME reallocates the S-TMSI of the mobile
This topic is related to reachability discussions (15, 16). No further aspects from RAN3 point of view. It can be stated that RAN2 agreed to use the Resume ID for RAN paging for LC. But the topic should be commented by RAN2.
19) RAN paging area across TAs and how to ensure same S-GW 
SA2’s WA can be confirmed; i.e. registered TA’s are provided to the RAN for RAN paging. 
Proposal 19: Liaise to SA2 to confirm the WA.
20) RAN paging reliability 
In principle, RAN paging has the same reliability as CN based paging, given the assumption in RAN2 to use the same paging function. This topic has relation to X2 connectivity and respective CN assistance in case X2 connectivity is not given. 

Proposal 20: Liaise to SA2 to confirm RAN paging reliability (from RAN3 point of view) and highlight the relation to X2 connectivity.
21/25) UE Location accuracy when UE is in ECM-CONNECTED Light Connection 
No RAN3 impact foreseen (in terms of any new function required). If necessary, MME can still request location reporting (e.g. upon cell change). 

22) UE behaviour when moving in LC to a cell for which the eNB does not support LC?
From a RAN point of view, requiring UE activity when moving to an eNBs outside the border of an area with LC support would cause unnecessary high TAU or Service Request traffic. Such behaviour should be avoided and SA2/RAN2 guided. UE reachability would need to be guaranteed in any case, while the UE would need to fall back from Resume to Service Request, in case the eNB doesn’t support LC.
Proposal 22: Liaise to SA2/RAN2 that it is not recommended to require the UE contacting the network if it moves out of an LC support area, as this causes unnecessary traffic. The issue can be resolved by means of CN assisted RAN paging (as it is not expected, that the X2 function for RAN paging is implemented towards an eNB not supporting LC, if X2 connectivity exists at all) 
23/24) CN assistance for LC

In general, we welcome SA2 work on that matter, although RAN3 has started partially on that work already. The LC CN Assistance information is foreseen in draft CRs already. In general we would rather go for “assistance” information in order to let the RAN configure the UE appropriately instead of leaving the control on LC usage  to the CN. Further co-operation with SA2/CT1 on that topic is expected.

Proposal 23/24: Liaise to SA2 current status in RAN3 and propose as a general guidance to rather provide assistance information to RAN.
3
Conclusion
Given the identified issues in SA2, it is not likely that from an overall system perspective, work on the Light Connection function will not be finalised by TSG#75 in March 2017. Consequences of this fact would need to be discussed at TSGs#75, e.g. whether work on Light Connection receive some exceptions as a delayed Rel-14 feature or will be part of Rel-15.
From a formal point of view, RAN3 would need to continue work on Light Connection and provide a realistic report to TSG RAN. Open topics would need to be clearly highlighted in the status report.

The main open issue, the way how RAN and CN interact for system level features that would require co-ordination between RAN and CN (e.g. features that require prompt UE response or accurate UE location information) would need to be further discussed and solution developed together with SA2 and other WGs/TGSs, as currently it cannot estimated which kind of impact on architecture and protocol functions would have to be foreseen to guarantee acceptable inter-action between Light Connection and other existing system functions.
It is also proposed to liaise to SA2 and comment on the various and provide them with the current status of stage 2 and stage 3 work, see [4].
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