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Introduction
The last RAN3-105 agreed that CHO preparations for multiple target cells toward the same target node for the same UE are allowed. Namely, the source can trigger parallel CHO preparations toward the same target node, each with a different cell ID, which is used by the target to identify parallel transactions for a concerned UE [1]. 

Although such parallel transaction enables preparing multiple candidate cells for CHO and re-uses the existing HO REQ/ACK messages as much as possible, we think that this still lacks efficiency and is also prone to a possible delay. In this contribution, we provide our analysis and reasonings, and further propose to allow multiple target cells preparation by a single HO procedure.
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Discussion
2.1     Per-target-cell parallel trasaction is not enough
A measurement report from the UE may imply more than one cell within a single target node as candidates at one time. This is more likely the case in these days due to densification of cells with CU-DU split, enabling a single node to manage a few hundreds of cells.

If per-target-cell parallel transaction is the only solution we have, then the source has to trigger multiple HO requests individually for those cells in the same target node, for which each request may include the same information (except a target cell ID), such as UE Context or History related info, which are included as mandatory. But the target has to anyway process each request individually and separately as a whole. The processing complexity could be unnecessarily increased at the target side.

Moreover, the target replies each HO request individually as well. HO REQ ACK carries E-RAB or PDU Session Resource related info as a result of admission process, together with a HO command. Those admission results and their forwarding TNL info could be identical for some (or all) candidate cells, but the source cannot tell until it reads and processes them individually.

Furthermore, the corresponding HO REQ ACKs for simultaneous requests are likely to be replied at different times. Parallel transactions do not guarantee that simultaneous requests are processed and replied at the same time. As a result, there could be some delay in sending RRC reconfiguration to the UE, if the source waits for all the HO REQ ACK messages that it has triggered for parallel transactions. Of course, the source can compile and send RRC reconfiguration message to the UE whenever it receives a HO REQ ACK, but this may end up sending multiple RRC reconfiguration messages that the source didn’t have to, which is not desirable to the UE.
Observation 1: Relying solely on parallel transactions each with a single cell ID may incur unnecessary processing, delay, or multiple RRC reconfigurations.
As a result, for the sake of avoiding unnecessary processing, delay, or sending multiple RRC messages, preparing multiple candidate cells by a single HO procedure should be allowed for CHO.

Proposal 1: For CHO, RAN3 to allow multiple target cells preparation by a single HO procedure.

2.2     Stage-3 impacts

If Proposal 1 is agreed, then the first thing to do is to enhance the HO REQ message to indicate multiple target cell IDs simultaneously. 
Proposal 2: Enhance HO REQ to indicate multiple target cells simultaneously for CHO.
HO REQ ACK and HO PREP FAILURE also need enhancements. Firstly, they need to be associated with specific candidate cell(s). This is anyway required by per-target-cell parallel transaction, because the source needs to distinguish which reply corresponds to which request for a concerned UE, in case the same UE AP IDs are used in the source and the target for parallel transactions (which is allowed). There should be some identifier in HO REQ ACK and HO PREP FAILURE, and currently a target cell ID is assumed to be such an identifier.

As a result, for HO REQ ACK, at least a candidate cell ID needs to be included. Considering this, and based on the current message structure, we believe there are three possible options:

·  Option 1 (Just include a single candidate cell ID and do not generalize) : This means that even if the source triggered a single HO request for multiple cells simultaneously, multiple HO REQ ACKs are always replied, individually for each candidate cell.

·  Option 2 (Full generalization) : HO REQ ACK can be enhanced to include multiple admission results separately for multiple candidate cells. 

·  Option 3 (Include a list of applicable candidate cell + do something to carry multiple HO commands) : E-RAB or PDU Session related info could be identical for several candidate cells, which can be carried by a single HO REQ ACK at no problem. Then it should be able to carry multiple HO commands as well.

Option 1 lacks flexibility and efficiency that the same admission result and the corresponding forwarding TNL info may have to be replicated for each HO REQ ACK as mentioned before. Option 2 allows full flexibility but requires a major shifting in the current stage-3. It may be better to design a new HO REQ ACK message from the beginning, if we go with Option 2.

On the other hand, Option 3 allows some flexibility for the target to send a single HO REQ ACK message, in case E-RAB or PDU Session related admission results and their forwarding TNL info are identical for several candidate cells. Moreover, Option 3 does not require major changes. Of course, it should be able to carry multiple CHO commands, but the required changes can be kept minimal and comparable to Option 1, as long as the inter-node HandoverCommand messages are extended to have a list structure in their RRC specs. This can be easily achieved by RAN2 and we can re-use the existing (single) container in HO REQ ACK at no problem.

Based on the above analysis, we believe Option 3 is the way to go. 

Proposal 3: Enhance HO REQ ACK to include multiple candidate target cells for which E-RAB or PDU Session related admission results and their forwarding TNL info are identical.
Proposal 4: In order for HO REQ ACK to carry multiple CHO commands, send LS to RAN2 to extend the inter-node HO CMD messages to have a list structure in their RRC specs.
Similarly, for HO PREP FAILURE, we can include a list of candidate cells that the failure is applicable to. 
Note that currently this message carries a mandatory Cause IE, which in principle applies to all the candidate cells associated with the included source’s UE AP ID. But a reason for failure could be different for each candidate cell (e.g. load situation could be different per cell). For backward compatibility and to allow different failure reason for different candidate cell, we also propose to include an accompanying cause value as optional in the failed candidate cell list. The mandatory Cause IE can apply if not included, thus not breaking the principle.
Proposal 5: Enhance HO PREP RAILURE to include a list of failed candidate cells, with an optional cause value, to allow different reason for different cell. The mandatory Cause IE shall apply if not included.
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Conclusion

In the present contribution we make the following observations:

Observation 1: Relying solely on parallel transactions each with a single cell ID may incur unnecessary processing, delay, or multiple RRC reconfigurations.

Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: For CHO, RAN3 to allow multiple target cells preparation by a single HO procedure.

Proposal 2: Enhance HO REQ to indicate multiple target cells simultaneously for CHO.
Proposal 3: Enhance HO REQ ACK to include multiple candidate target cells for which E-RAB or PDU Session related admission results and their forwarding TNL info are identical.
Proposal 4: In order for HO REQ ACK to carry multiple CHO commands, send LS to RAN2 to extend the inter-node HO CMD messages to have a list structure in their RRC specs.
Proposal 5: Enhance HO PREP RAILURE to include a list of failed candidate cells, with an optional cause value, to allow different reason for different cell. The mandatory Cause IE shall apply if not included.
The corresponding TPs for BL CRs for TS 36.423 and TS 38.423 can be found in [2] and [3]. The draft LS to RAN2 is also provided in [4].

For your information, the latest overall CHO procedures in TS 38.300 is excerpted from RAN2 Running Stage-2 CR (R2-1911559) and provided in the Annex.
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Annex

9.2.3.2a.1
C-plane handling

As in intra-NR RAN handover, in intra-NR RAN CHO, the preparation and execution phase of the conditional handover procedure is performed without involvement of the 5GC; i.e., preparation messages are directly exchanged between gNBs. The release of the resources at the source gNB during the conditional handover completion phase is triggered by the target gNB. The figure below depicts the basic conditional handover scenario where neither the AMF nor the UPF changes: 

[image: image1.emf]Handover Preparation

UE Source gNB Target gNB AMF UPF(s)

0. Mobility Control Information provided by AMF

1. Measurement Control and Reports

2. CHO decision

3. CHO REQUEST

4. Admission Control

5. CHO REQUEST ACKNOWLEDGE

8 Evaluate the CHO conditions.  If 

one of the cell satisfies the 

condition, the UE detach from old 

cell and  synchronize to the new 

cell. 

User Data

User Data

9. CHO Handover Completion

Handover Execution

Other potentional  

targetgNB(s)

4. Admission Control

6. RRCReconfiguration

FFS on data forwarding, PATH Switch

3. CHO REQUEST

5. CHO REQUEST ACKNOWLEDGE

7. RRCReconfigurationComplete


Figure 9.2.3.2.1-1a: Intra-AMF/UPF Conditional Handover

0/1.
Same as step 0, 1 in Figure 9.2.3.2.1-1 of section 9.2.3.2.1.

2.
The source gNB decides to use CHO.

3.
The source gNB issues a CHO Request message to  one or more candidate gNBs.

Editor’s note: FFS on the details of CHO Request message, and whether multiple candidate gNBs are allowed. RAN3 scope.
4.
Same as step 4 in Figure 9.2.3.2.1-1 of section 9.2.3.2.1.

5.
The candidate gNB sends CHO response including configuration of CHO candidate cell to the source gNB.

Editor’s note: FFS on the details of CHO response message. RAN3 scope.
6.
The source gNB sends a RRCReconfiguration message to the UE, containing CHO the configuration of CHO candidate cell(s) and CHO execution condition(s).

7.
UE sends an RRCReconfigurationComplete message to the source gNB.

8.
UE maintains connection with source gNB after receiving CHO configuration, and starts evaluating the CHO execution conditions for the candidate cell(s). If at least one CHO candidate cell satisfies the corresponding CHO execution condition, the UE detaches from the source gNB, applies the stored corresponding configuration for that selected candidate cell and synchronises to that candidate cell.
9.
Same as step 8 in Figure 9.2.3.2.1-1 of section 9.2.3.2.1.

Editor’s note: FFS how to perform data forwarding, RAN3 scope.

Editor’s note: FFS whether the procedure can be combined with ‘simultaneous connectivity handover.

