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1   Introduction
In the last RAN3#103bis and #104 meetings, solution#1 based on multi-connectivity for higher-layer redundancy transmission was discussed in term of signalling flow with two remaining issues ,
· Redundancy indication
· Failure handling within RAN when MR-DC is not ready
Based on the LS sent from RAN3 [1], SA2 discussed the solution#1 again in the last SA2#134 meeting with a conclusion in [2] [3]. In this contribution, we intend to provide our views on above remaining issues as per SA2 progress. 
2   Discussion
2.1   Redundancy indication 

According to the previous RAN3 discussions on redundancy indication, two possible options were on the table for Stage 3 specification from RAN3 point.
· Option 1: Redundancy PDU session pair indication; which was introduced in [4] where 5GC should indicate the association of the pair of redundancy PDU sessions to NG-RAN. 
In this option, the NG-RAN is aware of the PDU session pairs. Therefore, the MN may setup MN resources, i.e. MN terminated MCG bearer to serve one PDU session and inform SN of setup resources for the redundant PDU session, i.e. SN terminated SCG bearer.

· Option 2: Redundancy PDU session sequence number, which was introduced in [5] where  the sequence number is used as an index indicating the UP requirements for the PDU session. 
Similarly, with Option 2 and pre-configured NG-RAN configuration for association of RSN, i.e. RSN = 1 is associated with MN while RSN = 2 is associated with SN. Therefore, the NG-RAN is able to associate different NG-RAN UP resources for redundant PDU sessions.
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Figure 1. RAN handling of redundant PDU sessions in case of MR-DC operation
As shown in Figure 1, the purpose of the redundancy indication is used to indicate the NG-RAN UP requirements for the PDU sessions, i.e. the PDU sessions shall be associated with different NG-RAN UP resources. We understand that option1 and 2 can both fulfil the requirement of redundant PDU sessions, which is also reflected by SA2 response for Q1. The difference between lies in the values assigned to the such a parameter.
The value of the RSN is not dependent on the selected UPF, even though the RSN may be also considered for UPF selection. Hence, the same RSN may be used with multiple UPFs. The value of the RSN parameter indicates to NG-RAN redundant user plane requirements for the PDU Sessions.  NG-RAN selects NG-RAN UP by taking into account the RSN parameter and the associated RAN configuration to establish redundant User planes for the PDU Sessions. The NG-RAN UP selection for a PDU session with specific RSN value is decided by NG-RAN.

Observation 1: In case of MR-DC, both Option 1 (redundant PDU session pair) and Option 2 (RSN) are able to achieve the same purpose of associating different NG-RAN UP resources for different PDU session.
2.2   Why option 1 is a better solution
One key issue is related to RAN failure handling when MR-DC is not ready, for which a few candidates can be considered as failure handling within RAN in [4] [5]. As replied in  SA2 CR in [3], the NG-RAN is allowed to keep the redundant PDU sessions even in case MR-DC is not ready, i.e. both PDU sessions can be setup on one NG-RAN node. More specifically, initially, the two PDU sessions use the same MN, but as soon as MR-DC is set up in NG-RAN, the second PDU session’s UP connection is moved to the SN with path switching. It is reasonable as MR-DC is not always stand by and the status is not known to the CN during PDU session setup. Following the “best effort” principle, it gives flexibility to NG-RAN to perform the redundant transmission and Uu duplication can be utilized to fulfil the reliability requirement of URLLC.
-
Using NG-RAN local configuration, NG-RAN determines whether the PDU Session shall be kept or not kept in case NG-RAN cannot satisfy the user plane requirements indicated by the RSN parameter by means of dual connectivity. If the PDU Session shall be kept, the PDU Session remains established even if the user plane requirements indicated by RSN cannot be satisfied. If the PDU Session shall not be kept when RSN requirement can not be fulfilled, the PDU Session shall be released/not established by NG-RAN.

Observation 2: NG-RAN is allowed to keep the PDU session at a single NG-RAN node in case MR-DC is not ready. 
Proposal 1: Both MR-DC and non-MR-DC operation, e.g. CA PDCP duplication could be considered in presence of redundancy indication.
From the NG-RAN flexible operation view, we observe some limitations of Option 2 for the redundant transmission when MR-DC is not ready. 
· Case 1: NG-RAN determines to keep the redundant PDU session
For instance, as shown in the following figure, the PDU session #1 and #3 are paired sessions while PDU session #2 and #4 are paired. When the MR-DC is not feasible while the NG-RAN decides to keep both PDU sessions, in order to provide different NG-RAN UP resources, PDU session#1 and #3 can be scheduled with different cells while PDU session#2 and #4 can act in similar way. Meanwhile the cells or radio resources can be the same or different between PDU session #1/#3 pair and PDU session #2/#4 pair since they are different PDU sessions. This can ensure the high reliability even without the dual-connectivity setup and high scheduling flexibility simultaneously.  
	The first PDU session pair:               PDU session #1: RSN = 1, PDU session #3: RSN = 2

	The second PDU session pair:         PDU session #2: RSN = 1, PDU session #4: RSN = 2


However if the NG-RAN is only aware of the RSN, the NG-RAN can not differentiate which PDU sessions are paired. Hence the NG-RAN may have to allow PDU session#1 and PDU session #2 to use the same cells, while allow the PDU session#3 and PDU session #4 to use other cells. This however impacts the scheduling performance. 
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Figure 2. RAN handling of redundant PDU sessions in case of non-MR-DC operation
· Case 2: NG-RAN determines to release the redundant PDU session

In this case, NG-RAN performs the admission control and determines to release the redundant PDU sessions for a particular URLLC traffic. For instance, in the above example, assuming the NG-RAN may have to reject some PDU sessions due to the resource limitation, it might be better way to allow the NG-RAN to reject those redundant PDU sessions, but not those new PDU sessions without any redundant PDU sessions under the similar conditions. Therefore, it is prerequisite for NG-RAN to perform proper admission control via implementation based on a particular service by taking the redundant PDU sessions into account so that the resource efficiency within NG-RAN can be maximized. 
Observation 3: RSN indication would restrict the NG-RAN implementation for non-MR-DC operation. 
Proposal 2: The PDU session pair information shall be indicated to NG-RAN to enable flexible handling with MR-DC or non-MR-DC operations.
As specified in SA2 TS 23.501, the redundancy indication shall be transferred during mobility procedure.  
Proposal 3: The PDU session pair information shall be transferred between NG-RAN nodes during handover procedure.
The corresponding CRs for TS 38.413 and TS 38.423 can be found in [6] [7], respectively. 
3   Conclusion
In this contribution, we discussed Stage 3 details of redundancy indication based on SA2 progress, and the following observation and proposals are made. 

Observation 1: In case of MR-DC, both Option 1 (redundant PDU session pair) and Option 2 (RSN) are able to achieve the same effect of associating different NG-RAN UP resources for different PDU session.

Observation 2: NG-RAN is allowed to keep the PDU session at a single NG-RAN node in case MR-DC is not ready. 

Observation 3: RSN indication would restrict the NG-RAN implementation via non-MR-DC operation especially in case of multiple simultaneous URLLC traffics. 

Proposal 1: Both MR-DC and non-MR-DC operation, e.g. CA PDCP duplication could be considered in presence of redundancy indication.

Proposal 2: The PDU session pair information shall be indicated to NG-RAN to enable flexible handling with MR-DC or non-MR-DC operations.

Proposal 3: The PDU session pair information shall be transferred between NG-RAN nodes during handover procedure.
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