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Introduction

We made the following progress at the RAN3#118-emeeting.

	CU suggest the candidate cell(s) to DU, “gNB-DU can suggest candidate cells after the gNB-CU initiates the L1/L2 inter-cell mobility configuration” is with low priority.

CU can update the suggested candidate cells.

For intra-DU case, the gNB-DU indicates the gNB-CU about the UE successful access to the target cell by Access Success message.

For inter-DU case, The target gNB-DU indicates the gNB-CU about the UE successful access to the target cell by Access Success message.

RAN3 works on the same signaling procedure for both initial cell switch and subsequent cell switch for intra-DU L1/L2 handover.

During execution phase, it is up to the gNB-DU implementation when will the gNB-DU signal to the CU. This does not mean that the gNB-DU is “allowed” to signal to the gNB-CU before LTM command is sent to the UE.


In this paper, we would like to further discuss how to support L1/L2 triggered mobility based on these agreements and open issues, and provides the corresponding TP for TS 38.401.
Discussion
At the last meeting, it is still FFS whether to use one message or multiple messages to signal the candidate cells. The only reason raised by the proponents of using multiple messages is to follow the CHO/CPAC approach. At this stage, we can not foresee any benefits of using multiple messages. However, using one message can avoid signalling burden. Therefore, we prefer to use one message.

Observation 1: During L1/L2 handover configuration, signalling burden can be avoided if the gNB-CU sends the suggested candidate cells to the gNB-DU in one message.

Proposal 1: During L1/L2 handover configuration, the gNB-CU sends the suggested candidate cells to the gNB-DU in one message.
Another left issue is whether the DU can suggest candidate cells after the CU initiates the L1/L2 inter-cell mobility configuration. Three Options are left for further discussion: Opt 1. DU cannot suggest any candidate cells. Opt 2. DU suggest candidate cells within the list provided by CU. Opt 3. DU suggest candidate cells outside the list provided by CU.

We have agreed that the CU sends the suggested candidate cells to the DU and the DU may accept all or part of the target candidate cells. We have also agreed that the CU can update the suggested candidate cells. Therefore, if the DU does not receive the updated candidate cells from the CU, it will consider that the range of the original suggested candidate cells has not be changed. 

Observation 2: If the DU does not receive the updated candidate cells from the CU, it will consider that the range of the original suggested candidate cells has not be changed.
The candidate cell suggestion made by the CU is stable since it is decided based on L3 measurements, however, the decision made by the DU may not be stable since the cell load situation may vary frequently and therefore the DU may change its mind. Therefore, it is beneficial to allow the DU to modify its decision via the modification procedure to avoid pingpong and improve the HO speed. But, we can not let the DU suggest any new cells outside the list provided by the CU since this may cause signalling waste due to unstable suggestion. A reasonable way is to let DU remember the original candidate cells provide by the CU, i.e. option 2, and the DU can change its mind, e.g. based on L1/L2 measurements and cell load situation, within the list provided by CU. The selection of those candidate cells is more stable since they are orignally suggested by the CU.

Observation 3: It is beneficial to allow the DU to modify its decision via the modification procedure to avoid pingpong and improve the HO speed. Allowing the DU to suggest any new cells outside the list provided by the CU may cause signalling waste due to unstable suggestion.
Proposal 2: The gNB-DU can suggest candidate cells within the list provided by gNB-CU after the gNB-CU initiates the L1/L2 inter-cell mobility configuration.
At the last meeting, we agreed that the DU will inform CU after triggering LTM. Then we need to consider how the DU will inform CU after triggering LTM. From our point of view, DU can reuse the UE context modification required message to inform CU.
Proposal 3: The gNB-DU reuses the the UE context modification required message to inform CU after triggering LTM. 
Some companies propose to discuss how to avoid HO collision between LTM and L3 based inter-cell mobility. Since DU will inform CU after triggering LTM, the HO collision can be avoided since CU is aware of that LTM is triggered.

Observation 4: The HO collision between LTM and L3 based inter-cell mobility can be avoided since since the DU will inform the CU after triggering LTM.

A corner case is that the CU sends the L3 based inter-cell mobility triggered command before receiving the notification of LTM from the DU. In such case, it can be up to DU’s implementation to avoid the collision.

Observation 5: It can be up to DU’s implementation to avoid the HO collision if the CU sends the L3 based inter-cell mobility triggered command before receiving the notification of LTM from the DU.
Proposal 4: From RAN3’s perspective, the HO collision between LTM and L3 based inter-cell mobility can be avoided by informing the CU after triggering LTM or the implementation of DU. This depends on RAN2 confirmation.
For E1 interface, the CU-CP needs to notify the CU-UP to configure resources for each candidate cell, and to release resources for each candidate cell. In addition, it would be beneficial to inform the CU-UP that the resources are configured or released for LTM to avoid collision with L3 based inter-cell mobility.

Proposal 5: The CU-CP needs to notify the CU-UP to configure and release resources for each candidate cell for LTM.
3. Conclusion

Based on the above analysis, we provide the following observations and proposals.

Observation 1: During L1/L2 handover configuration, signalling burden can be avoided if the gNB-CU sends the suggested candidate cells to the gNB-DU in one message.

Proposal 1: During L1/L2 handover configuration, the gNB-CU sends the suggested candidate cells to the gNB-DU in one message.

Observation 2: If the DU does not receive the updated candidate cells from the CU, it will consider that the range of the original suggested candidate cells has not be changed.
Observation 3: It is beneficial to allow the DU to modify its decision via the modification procedure to avoid pingpong and improve the HO speed. Allowing the DU to suggest any new cells outside the list provided by the CU may cause signalling waste due to unstable suggestion.
Proposal 2: The gNB-DU can suggest candidate cells within the list provided by gNB-CU after the gNB-CU initiates the L1/L2 inter-cell mobility configuration.
Proposal 3: The gNB-DU reuses the the UE context modification required message to inform CU after triggering LTM. 
Observation 4: The HO collision between LTM and L3 based inter-cell mobility can be avoided since since the DU will inform the CU after triggering LTM.

Observation 5: It can be up to DU’s implementation to avoid the HO collision if the CU sends the L3 based inter-cell mobility triggered command before receiving the notification of LTM from the DU.
Proposal 4: From RAN3’s perspective, the HO collision between LTM and L3 based inter-cell mobility can be avoided by informing the CU after triggering LTM or the implementation of DU. This depends on RAN2 confirmation.
Proposal 5: The CU-CP needs to notify the CU-UP to configure and release resources for each candidate cell for LTM.
5. Text Proposal for TS38.401
--------------------------------------------------Start of the change---------------------------------------------------

8.2.1.X
Intra-gNB-DU L1/L2 based inter-cell Mobility 
This procedure is used for the case when the UE moves within the same gNB-DU during NR operation for L1/L2 based inter-cell mobility. Figure 8.2.1.x-1 shows the intra-gNB-DU L1/L2 based inter-cell mobility procedure for intra-NR.
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Figure 8.2.1.x-1: Intra-gNB-DU L1/L2 based inter-cell Mobility
The UE sends a MeasurementReport message (L3 measurement result FFS) to the gNB-DU containing  measurements of neighboring cells. The gNB-DU sends an UL RRC MESSAGE TRANSFER message conveying the received MeasurementReport message to the gNB-CU. 

The gNB-CU determines to initiate L1/L2 inter-cell mobility configuration. 

The gNB-CU sends a UE CONTEXT MODIFICATION REQUEST message to the gNB-DU containing the target candidate cells. 
If the gNB-DU decides to accept the request of LTM configuration, it responds to the gNB-CU with a UE CONTEXT MODIFICATION RESPONSE message including the generated lower layer RRC configuration for the accepted target candidate cell(s).

The gNB-CU sends a DL RRC MESSAGE TRANSFER message to the gNB-DU, which includes the generated RRCReconfiguration message with the L1/L2 inter-cell mobility configuration. 
FFS: whether it is DL RRC MESSAGE TRANSFER message or UE Context Modification Request message.
The gNB-DU forwards the received RRCReconfiguration message to the UE.

The UE responds to the gNB-DU with an RRCReconfigurationComplete message.
The gNB-DU forwards the RRCReconfigurationComplete message to the gNB-CU via an UL RRC MESSAGE TRANSFER message. 
FFS: whether it is UL RRC MESSAGE TRANSFER message or UE Context Modification Response message.
The UE sends lower layer measurement result to the gNB-DU. 
The gNB-DU decides to execute L1/L2 inter-cell mobility.
FFS: Notifying the LTM cell switch decision to the CU as well.
The gNB-DU sends the L1/L2 Triggered Mobility Cell Switch command to the UE.

Editor’s note: the order of step 10 and 11 is not defined. The cell switch command message needs to be updated according to RAN2’s discussion.
FFS:  how the gNB-DU detects the UE access and whether there is an F1 impact.

--------------------------------------------------Next change-----------------------------------------------------

8.2.1.Y
Inter-gNB-DU L1/L2 Triggered Mobility 
This procedure is used for the case when the UE moves from one gNB-DU to another gNB-DU within the same gNB-CU during NR operation for L1/L2 Triggered Mobility. Figure 8.2.1.Y-1 shows the inter-gNB-DU L1/L2 Triggered Mobility procedure for intra-NR.
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Figure 8.2.1.Y-1: inter gNB-DU L1/L2 Triggered Mobility

The UE sends a MeasurementReport message (L3 measurement result FFS) to the source gNB-DU containing  measurements of neighboring cells. The source gNB-DU sends an UL RRC MESSAGE TRANSFER message conveying the received MeasurementReport message to the gNB-CU. 

The gNB-CU determines to initiate L1/L2 inter-cell mobility configuration. 

The gNB-CU sends a UE CONTEXT SETUP REQUEST message to the candidate gNB-DU, containing the target candidate cells. 

If the candidate gNB-DU decides to accept the request of LTM configuration, it responds to the gNB-CU with a UE CONTEXT SETUP RESPONSE message including the generated lower layer RRC configuration for the accepted target candidate cell(s).
The gNB-CU sends a DL RRC MESSAGE TRANSFER message to the source gNB-DU, which includes the generated RRCReconfiguration message with the L1/L2 inter-cell mobility configuration.
FFS: whether it is DL RRC MESSAGE TRANSFER message or UE Context Modification Request message.
The source gNB-DU forwards the received RRCReconfiguration message to the UE.

The UE responds to the source gNB-DU with an RRCReconfigurationComplete message.
The source gNB-DU forwards the RRCReconfigurationComplete message to the gNB-CU via an UL RRC MESSAGE TRANSFER message. 
FFS: whether it is UL RRC MESSAGE TRANSFER message or UE Context Modification Response message.
The UE sends lower layer measurement result to the source gNB-DU. 

The source gNB-DU decides to execute L1/L2 triggered mobility to a candidate target cell.

FFS: Notifying the LTM cell switch decision to the other nodes as well.
The source gNB-DU sends L1/L2 Triggered Mobility Cell Switch command to the UE. 

Editor’s note: the order of step 10 and 11 is not defined. The cell switch command message needs to be updated according to RAN2’s discussion.
FFS:  how the target gNB-DU detects the UE access and whether there is an F1 impact.

FFS: For inter-DU L1/L2 Triggered Mobility, whether and how to release the source cell/prepared cells’ resources in the source gNB-DU is FFS.
-----------------------------------------------------End of the change-------------------------------------------------------
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defstyle hgapb [text.gap.left=6, text.gap.right=6];
defstyle entity [text.font.face="Arial", text.size.normal=14, text.wrap=no, text.bold=yes];
defstyle bs [text.font.face="Arial", text.size.normal=13, vspacing=7, text.wrap=no, hgapb];
defstyle br [bs, line.corner=round];
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