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1. Introduction
RAN#102 approved the new work item on NR mobility enhancements Phase 4 [1]. The objectives for the inter-CU LTM support are stated in the WID as follows [1]. 

	· Specify support for inter-CU Layer 2 Mobility (LTM) [RAN2, RAN3]
· Prioritize the case when CU is acting as MN when DC is not configured
· As secondary priority, support the case when NR-DC is configured and CU is acting as SN and MCG is unchanged
· As secondary priority, support the case when NR-DC is configured, CU is acting as MN and SCG is unchanged or SCG is released
· Note: The case that LTM is configured in both MCG and SCG is excluded 
· Specify support for subsequent LTM mobility procedures aiming to avoid RRC configuration between cell switches as per Rel-18 LTM
· Coordination with SA3 needed with respect to security key handling 
· Note: Rel. 18 intra-CU LTM procedure is considered as baseline for adding inter-CU support


In this contribution, the potential issues for supporting inter-CU LTM are discussed. 

2. Discussion 
2.1. Early TA and RAR-based option 
RAN2 agreed that the early TA is supported also for the inter-CU LTM and it was left as FFS whether to consider the RAR-based solutions are considered [2]. 
	Agreements on early sync phase:

1. Early DL and UL sync is also supported for inter-CU LTM.  Inform RAN3 of this. Early DL sync using CSI-RS should be considered, pending RAN1 approval.

2. PDCCH ordered early RACH is supported for inter-CU LTM.
3. For early TA acquisition, Rel-18 option is baseline. FFS for RAR based option.


Needless to say, the inter-CU LTM requires inter-gNB interactions via network interfaces. Although the enhancements to network interface (i.e., F1-AP and Xn-AP) are in RAN3 scope, RAN2 should take into account the network interfaces have considerable latency especially for non-ideal backhaul as referred in Table 1 below. Since the LTM signalling procedure involves F1-AP signalling and Xn-AP signalling, the latency over backhaul link becomes tens of milli-seconds, according to Table 1. Considering LTM is the fast cell switch mechanism in terms of both C-plane and U-plane (compared to legacy L3 Handover) [3], such delays causes significant problems since the latency in network interfaces directly impacts the delay of overall inter-CU LTM procedure, which would result in the degradation of cell switch performance in comparison of Rel-18 intra-CU LTM. 
Table 1
 Categorization of non-ideal backhaul (Table 6.1-1 in [4])

	Backhaul Technology
	Latency (One way)
	Throughput
	Priority (1 is the highest)

	Fiber Access 1
	10-30ms 
	10M-10Gbps
	1

	Fiber Access 2
	5-10ms
	100-1000Mbps
	2

	Fiber Access 3
	2-5ms
	50M-10Gbps
	1

	DSL Access
	15-60ms
	10-100 Mbps
	1

	Cable 
	25-35ms
	10-100 Mbps
	2

	Wireless Backhaul
	5-35ms 
	10Mbps – 100Mbps typical, maybe up to Gbps range
	1


Observation 1 Latency of network interfaces may become tens of milliseconds, which is a considerable delay and results in the performance degradation, given LTM is a fast cell switch mechanism. 
In Rel-18 intra-CU LTM, the CFRA without network response (i.e., without RAR) is supported for the early TA process [3]. In case of Rel-19 inter-CU LTM, the delay in early TA process is increased, i.e., the delay between the LTM candidate DU receives the PRACH from the UE and the source DU is informed of the TA value, because it needs to go through the LTM candidate CU, the source CU and the source DU, which may cause the problem that the TA value may not be ready when the source DU decides to send the LTM cell switch command to the UE. Furthermore, the TA value may expire during the transmission of the TA value from the LTM candidate DU to the source DU. 
With the RAR-based early TA acquisition for inter-CU LTM, the UE can get the TA value quickly, so that the source gNB may send the LTM cell switch command to the UE, if needed. Therefore, Rel-19 inter-CU LTM needs to support the RAR-based early TA acquisition, as suggested in[5]

 REF _Ref165992291 \w \h 
[6]. 
Proposal 1 RAN2 should agree that the RAR-based early TA acquisition is supported in Rel-19 inter-CU LTM.
For the inter-CU early TA acquisition, a couple of issues would be considered as depicted in Figure 1 below. 
· Issue 1: For the RAR-based early TA acquisition in inter-CU LTM, the UE needs to monitor the RAR from the LTM candidate gNB. It means that the source gNB needs to suspend the downlink scheduling to the UE upon sending the PDCCH order to the UE. However, the source gNB doesn’t know when the LTM candidate gNB will send RAR to UE, so the source gNB may not determine the appropriate time to resume the downlink scheduling, which results in the unnecessary data interruption or the resource waste.
· Issue 2: For the CFRA in early TA process, the LTM candidate gNB needs to reserve the CFRA resource available until the PRACH is received from the UE. However, the LTM candidate gNB may not know the time to start reserving the CFRA resource, since the LTM candidate gNB doesn’t know when the source gNB will send PDCCH order to the UE, which results in the waste of uplink resources. It should be noted that Issue 2 may happen regardless of whether or not the RAR-based early TA is introduced. 

Proposal 2 If the RAR-based early TA acquisition is introduced, RAN2 should further discuss how the source gNB determines when the downlink scheduling to the UE can be resumed, i.e., “Issue 1”. 
Proposal 3 Regardless of whether the RAR-based early TA acquisition is introduced or not, RAN2 should discuss how the LTM candidate gNB determines when it start reserving the CFRA resource to the UE, i.e., “Issue 2”. 

[image: image1]
Figure 1
 Potential two issues in inter-CU early TA
Regarding Issue 1, the source gNB can appropriately resume the downlink scheduling if it knows when the early TA process is completed. So, it’s obvious that the source gNB needs such an information. In this case, the following two approaches could be considered: 
· Approach 1A: Upon the LTM candidate gNB sends the RAR to the UE, the LTM candidate gNB informs the source gNB via Xn interface.
· Approach 1B: Upon the UE received the RAR from the LTM candidate gNB, the UE informs the source gNB. 
With Approach 1A, the information is delayed on the network interface as shown in Table 1, so it’s difficult for the source gNB to determine the best time to resume the downlink scheduling. On the other hand, with Approach 1B, there is no such a delay since it’s informed via Uu interface.  In addition, this work item is led by RAN2, so it’s preferable to minimize the impacts to the other WGs.  Therefore, Approach 1B is slightly better to resolve Issue 1. It’s FFS how the UL resource is granted to the UE for transmission of the information. 
Proposal 4 RAN2 should discuss if the UE informs the source gNB when RAR is successfully received from the LTM candidate gNB. 
Regarding Issue 2, the following two approaches would be considered to reduce/eliminate the waste of CFRA resource at the LTM candidate gNB: 
· Approach 2A: The source gNB indicates to the LTM candidate gNB when the source gNB sends the PDCCH order to the UE. With this indication, the LTM candidate gNB reserves the CFRA resource for the UE, in order to minimize the UL resource waste. 
· Approach 2B: CBRA-based early TA acquisition is supported as suggested in [5]. Needless to say, the CBRA is shared by multiple UEs, so it should be always available regardless of the early TA purpose. Thus, CBRA-based early TA acquisition does not cause the additional UL resource consumption at the LTM candidate cell. 
In our view, Approaches 2A and 2B would be useful in different deployment policies, i.e., Approach 2A is useless under the CBRA-based early TA deployments while Approach 2B does not work under the CFRA-based early TA deployments. Therefore, RAN2 should discuss both approaches and whether to choose one of them (or whether to introduce both.) 
Proposal 5 RAN2 should discuss the both approaches that the source gNB indicates to the LTM candidate gNB when the source gNB sends the PDCCH order to the UE (i.e., Approach 2A) and CBRA-based early TA acquisition is supported (i.e., Approach 2B), and whether to choose one of them (or whether to introduce both.)
2.2. LTM execution and Subsequent LTM 
The WID states to “Specify support for subsequent LTM mobility procedures aiming to avoid RRC configuration between cell switches as per Rel-18 LTM” [1]. 
According to the current L3 handover or the current Conditional Handover procedure[3], the UE context is shared with the target gNB only once at the Xn Handover Request message, since these didn’t support the subsequent (conditional) handover execution. The UE context is normally not updated during the handover procedure, which makes sure the target gNB has the latest UE context. For Conditional Handover, the subsequent CHO is not supported, i.e., the UE remove all the conditional reconfiguration upon CHO is executed[7], so there is no issue to reuse the same procedure for UE context management, i.e., the UE context is shared via the Xn Handover Request only once. 
Observation 2 In the legacy L3 handover mechanisms, the UE context is shared with the target cell once via Xn Handover Request message. 
With subsequent LTM in Rel-18 for intra-CU, the source cell and the target cell belong to the same CU, so the gNB always knows the up-to-date UE context, regardless of whether an LTM execution is performed and regardless of whether LTM config is updated (e.g., a new LTM candidate is added). 

Observation 3 In Rel-18 intra-CU LTM, the UE context is always managed by the same CU which both the source cell and the target cell belong to. 
In case of subsequent LTM for inter-CU, it’s a different story. Even after an LTM candidate is configured to the UE, the LTM config. may add/remove the other candidate cells without known by the already configured candidate gNBs. So, once the UE is reconfigured with the addition of a new LTM candidate (as well as modified or removed), the UE context already shared with candidate gNBs becomes invalid (i.e., unsynchronized with the UE’s current configuration.) Then, after the LTM is executed, i.e., the UE moves to the new source cell (i.e., which is equal to the former target cell), the new source cell does not know such a change in the UE’s LTM Config. So, the source cell cannot decide whether to configure the UE with LTM config. first or to send Cell Switch Command MAC CE to the UE for the subsequent LTM execution towards an LTM candidate. Therefore, it’s necessary for the UE context (i.e., LTM Config.) to be always synchronized among the serving gNB and LTM candidate gNBs. Some additional signalling over Xn-AP, RAN2 may be needed to inform RAN3 of this issue. 
Proposal 6 RAN2 should agree that in inter-CU subsequent-LTM, the source gNB always needs to share the up-to-date UE context with all the LTM candidate gNBs, whenever LTM Config is updated (i.e., add/modify/remove an LTM candidate.) 
Observation 4 RAN2 may send an LS to RAN3 that for inter-CU subsequent LTM, the UE context (i.e., LTM Config.) needs to be always synchronized between the source gNB and the neighbour gNBs providing the LTM candidate cells. 
After successful LTM execution, the configuration of source cell is discarded by the UE. However, it would be considered that the source cell is still a promising LTM candidate since the source cell was the UE’s serving cell in last seconds. With the subsequent LTM, the UE keeps the configurations for all of the other LTM candidate cells, except for the source cell’s configuration. It might be considered as a ping-ponging issue since the UE’s handed over back to the source cell immediately, but it’s not always true since the UE’s moving direction is unpredictable, i.e., the UE may go back to the source cell even under the optimized handover parameters at the network. In this case, the target cell configures the source cell as the additional LTM candidate immediately after the LTM is successfully completed, which is inefficient. 
Observation 5 After LTM execution is successfully completed with the target cell, the source cell is still a promising subsequent LTM candidate, while the configuration of source cell is already discarded by the UE. 
Therefore, to maximize the benefit of subsequent LTM, the source cell’s configuration should be kept after the successful completion of LTM execution. RAN2 should discuss whether/how to keep the source cell’s configuration after the LTM execution. 
Proposal 7 RAN2 should discuss whether/how the UE keeps the source cell’s configuration after LTM execution. 
3. Conclusion 
In this contribution, the potential issues for supporting the inter-CU LTM are discussed.  RAN2 is kindly asked to take into account the observations and proposals below: 
Observation 1
Latency of network interfaces may become tens of milliseconds, which is a considerable delay and results in the performance degradation, given LTM is a fast cell switch mechanism.
Proposal 1
RAN2 should agree that the RAR-based early TA acquisition is supported in Rel-19 inter-CU LTM.
Proposal 2
If the RAR-based early TA acquisition is introduced, RAN2 should further discuss how the source gNB determines when the downlink scheduling to the UE can be resumed, i.e., “Issue 1”.
Proposal 3
Regardless of whether the RAR-based early TA acquisition is introduced or not, RAN2 should discuss how the LTM candidate gNB determines when it start reserving the CFRA resource to the UE, i.e., “Issue 2”.
Proposal 4
RAN2 should discuss if the UE informs the source gNB when RAR is successfully received from the LTM candidate gNB.
Proposal 5
RAN2 should discuss the both approaches that the source gNB indicates to the LTM candidate gNB when the source gNB sends the PDCCH order to the UE (i.e., Approach 2A) and CBRA-based early TA acquisition is supported (i.e., Approach 2B), and whether to choose one of them (or whether to introduce both.)
Observation 2
In the legacy L3 handover mechanisms, the UE context is shared with the target cell once via Xn Handover Request message.
Observation 3
In Rel-18 intra-CU LTM, the UE context is always managed by the same CU which both the source cell and the target cell belong to.
Proposal 6
RAN2 should agree that in inter-CU subsequent-LTM, the source gNB always needs to share the up-to-date UE context with all the LTM candidate gNBs, whenever LTM Config is updated (i.e., add/modify/remove an LTM candidate.)
Observation 4
RAN2 may send an LS to RAN3 that for inter-CU subsequent LTM, the UE context (i.e., LTM Config.) needs to be always synchronized between the source gNB and the neighbour gNBs providing the LTM candidate cells.
Observation 5
After LTM execution is successfully completed with the target cell, the source cell is still a promising subsequent LTM candidate, while the configuration of source cell is already discarded by the UE.
Proposal 7
RAN2 should discuss whether/how the UE keeps the source cell’s configuration after LTM execution.
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5. Appendix 
The representative Rel-18 LTM procedures are depicted in the following figures.
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Figure 2
 Signalling procedure for LTM (Figure 9.2.3.5.2-1 in [3])
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Figure 3
 Inter-gNB-DU LTM (Figure 8.2.1.5-1 in [8])

[image: image4.png]LT™™

preparation

Source LTM candidate

UE

gNB gNB
————Measurement report———>|
-HANDOVER REQUE ST—>|
e HANDOVER REQUEST
| €«—RRC reconfiguration——— ACKNOWLEDGE

F——RRC reconfiguration complete—>>|

Issue 2
UL resource waste

Issue 1
Data interruption

|€—PDCCH order-

PRACH >

[€———————Random Access Response




UE
gNB
1: Measurement report
LTM candidate preparation
2: RRC reconfiguration (LTM candidate cell  configuration)
4a: DL synchronization with candidate cells
3: RRC reconfiguration complete
LTM decision
6: Cell switch command (MAC CE)
LTM preparation
Early sync
LTM cell switch execution
5: L1 measurement report
8: LTM cell switch  completion
Detach from source, apply target configurations
LTM cell switch completion
7: RACH Procedure
LTM candidate preparation
UE in RRC_CONNECTED
4b: UL synchronization with candidate cells



_1772418540.txt
!@@@Chart-generator later than 5.0����ÿ	�//hscale="auto";
hscale = 1.5;
defstyle hgapa [text.gap.left=16, text.gap.right=16];
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];
defstyle ac [text.font.face="Arial", text.size.normal=13, text.italic=no, vspacing=5, arrow.type=solid, hgapa];
defstyle ad [vspacing=-5, arrow.type=sharp];
defstyle au [text.font.face="Arial", text.size.normal=13, text.color="green-25%",arrow.color="green-25%",arrow.size=small,arrow.endtype=solid, vspacing=5, line.type=dashed, line.color="green-25%",line.width=1,hgapa];

defstyle n1 [text.font.face="Arial", text.size.normal=13, vspacing=5, weak, text.italic=no, hgapa];
defstyle note, comment [text.color=blue];

ue[fill.color = "232,238,247"]:UE\n ;

sd[fill.color = "232,238,247"]:Source \n gNB-DU;

td[fill.color = "232,238,247"]:Candidate\n gNB-DU;


cu[fill.color = "232,238,247"]:gNB-CU;

|||;


;

ue<<>>sd [color=green]:  User Data [au];
join sd<<>>cu[color=green]: User Data [au];

ue--cu:1. L3 Measurement Control and Reports [br];

cu--cu:2. LTM Configuration Decision [bs];


cu->td:3. UE CONTEXT SETUP REQUEST     
     [ac];
td->cu:4. UE CONTEXT SETUP RESPONSE     
     [ac];

cu->sd:5. UE CONTEXT MODIFICATION REQUEST     
     [ac];
sd->cu:6. UE CONTEXT MODIFICATION RESPONSE     
     [ac];
cu->td:7. UE CONTEXT MODIFICATION REQUEST     
     [ac,line.type=dashed];
td->cu:8. UE CONTEXT MODIFICATION RESPONSE     
     [ac,line.type=dashed];


cu->sd:9. DL RRC MESSAGE TRANSFER
    (RRCReconfiguration)
    [ac];

sd->ue:10. RRCReconfiguration
     [ac];

ue->sd:11. RRCReconfigurationComplete [ac];

sd->cu:12. UL RRC MESSAGE TRANSFER
     (RRCReconfigurationComplete )[ac];

ue<<>>td:13. early TA acqusition[ac];

td>>cu:14. DU-CU TA INFORMATION TRANSFER [ac];
cu>>sd:15. CU-DU TA INFORMATION TRANSFER [ac];

ue->sd:16. L1 measurement report[ac];
sd--sd:17. LTM Cell switch decision[bs];

ue<-sd:18. Cell Switch Command[ac];
sd->cu:19. DU-CU CELL SWITCH NOTIFICATION
     (Target cell ID, TCI State ID)[ac];
cu->td:20. CU-DU CELL SWITCH NOTIFICATION
       (Target cell ID, TCI State ID)[ac];


sd->cu [color=green]:  Downlink Data Delivery Status [au];

ue--td:21. The gNB-DU detects the UE access[ac];
td->cu:22. ACCESS SUCCESS
       (Target cell ID)[ac];

ue->td: 23. RRCReconfigurationComplete [ac];
td->cu: 24. UL RRC MESSAGE TRANSFER
        (RRCReconfigurationComplete) [ac];

cu->sd:25.UE CONTEXT RELEASE COMMAND
     (Prepared cells to be released)[ac, line.type =dashed];

sd->cu:26.UE CONTEXT RELEASE COMPLETE[ac, line.type =dashed];

ue<<>>td[color=green]: User Data [au];
join td<<>>cu[color=green]: User Data [au];





|||;
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