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Abstract of the contribution: this is to analyse solutions for KI#1 and propose to adopt solution#1 without RSN and solution#3.
Discussion
For Key Issue#1, there are 6 alternative solutions. In our point of view, there are some important issue for the solution conclusion as below.
NOTE: This evaluation does not consider solution#7 because it is not described specifically enough, and some details are not finished (e.g. impact is void). Also it is somehow overlapped to other alternatives, e.g. solution#1, and #3.
1. Is dual UE based solution needed?

For solution#2 and #10, it needs two UEs perform URLLC transmission, from our perspective there are following problems:

1) Dual UE based solution incurs much higher implementation cost

2) To achieve the coordination between multiple UEs, e.g. connecting two UEs to different data transmission paths, new parameter and negotiation behaviour are required in radio interface at least.

3) It will obviously increase the complexity in case of handover procedure. For example, needs to guarantee the two UE cannot be interrupted simultaneously and/or has more criteria for selection of target RAN node.

Observation-1: Since single UE based solution can fulfil the URLLC service requirement and there is no advantage if using dual UE based, we don't see any necessity to introduce dual UE based.
Proposal-1: we only consider single UE based solutions (i.e. solution#1,3,4) are valuable and can be concluded.
2. If a new UE parameter (e.g. RSN in solution#1) is needed to indicate redundant handling via two separate PDU Sessions?
As solution#1 described, the presence of the RSN indicates redundant handling, and the value of the RSN indicates whether the first or the second PDU session is being established. However, this can be replaced by using existing parameters, as the following examples:
· S-NSSAI and/or DNN can be used for SMF to determine if the redundant transmission is needed via two PDU sessions. E.g. the SD part of S-NSSAI can be used to realize it.

· Assuming the same SMF is selected for both PDU Session establishment, the SMF can determine the redundant transmission using both PDU Session when the same DNN and S-NSSAI are sent to SMF while the PDU Session IDs are different.

Observation-2: it is feasible to use existing SM-NAS parameters (e.g. DNN, S-NSSAI) to indicate the network (i.e. SMF) the redundant handling via two separate PDU Sessions. 
Proposal-2: there is no need to introduce new UE parameter to indicate redundant handling via two separate PDU Sessions, e.g. RSN in solution#1.

3. Fulfil the URLLC requirement in mobility scenario?
The URLLC use cases defined in TS 22.261 are almost involving mobility scenario, i.e. the reliability and transmission latency shall not be affected due to UE mobility. 
However existing solutions for KI#1 does not guarantee the reliable handover in dual connectivity when UE moves, including the following aspects:
1) When handover happens, it at least needs either M-gNB or S-gNB keeps transmitting user data so as to avoid a totally interruption during mobility case. Specifically speaking,

· For the S-gNB change while M-gNB unchanged scenario, the current specification (TS 37.340) can support it without any modification 

· For the M-gNB change while S-gNB unchanged scenario, we agree what the solution#3 said to keep the S-gNB unchaged when the M-gNB perform handover, however it is unknown how to realize it and we think it needs enhancement in RAN side.
2) When handover happens, it is possible the end to end latency will be changed due to the data forwarding in existing mechanism. This issue is addressed by the KI#2, so may be split.

3) When handover happens, it is also possible that the PSA will be changed, it needs both upper layer configuration and solutions in KI#3 to support it.  
Observation-3: For some stringent use cases of URLLC service (e.g. 5ms e2e latency and 99.9999% reliability), it is impossible to guarantee the same latency and reliability as static scenario during UE mobility. It requires more study on mobility scenario.
Proposal-3: For KI#1, regarding DC based transmission, either the M-gNB or S-gNB must be connected to network performing normal data transmission in case handover happens (similarly as the relevant paragraphs as solution#3 described). For other problemS, e.g. the avoidance of latency due to data forwarding in HO, and supporting PSA change, it can be split to other Key issues, i.e. KI#2 and 3.
4. Packet duplication at Application layer, GTP-U layer, or new HRP layer? 
To answer this question, it should identify the use cases for URLLC. In our understanding, the regular use cases for URLLC should be Edge Computing based scenario, where the Application Server is very close or even collocated to UPF and the UPF is also very close to even collocated to RAN node. In this case, the packets duplication within 3GPP as described in solution#3 should be used without too much support from Application Layer, i.e. supporting TSN mechanism, per OTT service.
Regarding the duplication, we believe it is better to reuse existing GTP-U layer which may have impacts to existing system as little as possible.
Observation-4: solution#3 with duplication on GTP-U layer can be used to the regular URLLC use cases, i.e. edge computing, without support on application layer.
However, sometimes packets duplication using TSN FRER is needed because we cannot guarantee all the application servers are near to 5G system. The TSN FRER also works to provide the URLLC service. Actually, using TSN FRER requires a big work load from Application layer, e.g. it needs to support TSN mechanism at least.
Observation-5: Although complicated to perform Packets duplication using TSN FRER (e.g. at least needs to support TSN mechanism end to end), it makes sense in some use cases, e.g. Application service is not close to 5G system.
Proposal-4: the duplication on GTP-U layer and Application layer (i.e. using TSN FRER) can be adopted.
Proposal: 
Proposal-1: we only consider single UE based solutions (i.e. solution#1,3,4) are valuable and may be concluded 
Proposal-2: there is no need to introduce new UE parameter to indicate redundant handling via two separate PDU Sessions, e.g. RSN in solution#1. Reusing existing parameter is adopted.
Proposal-3: For KI#1, regarding DC based transmission, either the M-gNB or S-gNB must be connected to network performing normal data transmission in case handover happens (similarly as the relevant paragraphs as solution#3 described). For other problem, e.g. the avoidance of latency due to data forwarding in HO, and supporting PSA change, it may be split to other Key issues, i.e. KI#2 and 3.
Proposal-4: the duplication on GTP-U layer and Application layer (i.e. using TSN FRER) can be adopted.
Therefore, it is proposed to adopt solution#1 without RSN and solution#3 using GTP-U duplication, because solution#1 and solution#3 have their own advantages which cannot be substituted by others. So picking up both solutions helps to have more flexibility in realistic implementation.
The other minor issues in solution#1 and solution#3 (e.g. mobility scenario, and ENs) can be resolved in further meetings.
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