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1. Introduction
In the last RAN R18 workshop discussions, mobility enhancement has been identified as one of the potential topics in the context of Release 18 for further discussions, in which the following example areas have been identified among the various proposals [1]:

· L1/L2 based inter cell mobility;

· DAPS/CHO related improvements;

· FR2-specific enhancements.
During the R18 workshop discussions and pre-meeting email discussion [2], we observe that, there are common interest and convergence on some areas while the proposals for some areas are still diverging and some controversial issues are to be consolidated. In this contribution, we intend to provide our considerations on the suggested scope with respects to above aspects, based on [3].

2. Discussion on the outcome of Rel-18 email discussion

2.1 Comments to the moderator proposals
Here is the proposed conclusions from the moderator on the email discussion of the mobility enhancements:
	Conclusion 1, 2 and 3 are non-controversial.

Conclusion 1: RAN2 is the leading WG for mobility enhancement in Rel-18, while RAN1, RAN3 and RAN4 are impacted WGs.

Conclusion 2: L1/L2 inter-cell mobility got very wide support and should be specified in Rel-18 with the following high-level objectives:

To specify mechanism and procedures of L1/L2 based inter-cell mobility

(1) Configuration and maintenance for multiple candidate cells [RAN2, RAN3];

(2) Dynamic switch mechanism among candidate serving cells for the potential applicable scenarios [RAN2, RAN1];

(3) L1 enhancements, including inter-cell/mTRP beam management, L1 measurement and reporting, beam indication and timing management (if needed, as a second priority) [RAN1, RAN2, RAN4];

NOTE: FR2 specific enhancements are not precluded, if any.

NOTE: the procedure of L1/L2 based inter-cell mobility are applicable to the following scenarios:

Prioritized scenarios:

(1) Standalone, CA

(2) Intra-DU case and intra-CU inter-DU case

(3) Both intra-frequency and inter-frequency (can be revisited)

(4) Both FR1 and FR2

Second-priority scenarios only if time is allowed (can be revisited once the scenarios are clearly described):

(1) MR-DC

Conclusion 3: DAPS for FR2-FR2 is assumed to be specified in Rel-18, and the major impact is in RAN4. So the final decision is left to RAN4.

DAPS/CHO enhancements is the controversial part but moderator still suggests to try the conclusion 4 online because it is one-step forward with enough flexibility.

Conclusion 4: As the baseline, CHO+MRDC and DAPS+CA/DC will be considered in Rel-18. Other items (i.e., DAPS+CHO/CPAC, CHO + CPC) will be further discussed online. The following description can be used as the baseline for further discussion on the scoping of objective on DAPS/CHO enhancements:

CHO enhancements in MR-DC scenario

− Procedure and configuration of CHO in MR-DC scenario [RAN2, RAN3];

DAPS operation for CA/DC

− Support simultaneous configuration and procedures of DAPS and CA/DC [RAN2, RAN4]


We are generally fine with the conclusions above and believe the proposed high-level objectives have captured the common understanding from email discussion. Still, we think some revisions are necessary to improve the clarity of the objective on L1 enhancements: 

1. A “comma” is missing after “beam indication”. That is to say, “beam indication” should not be considered as second priority given that L1/L2 signalling will be used to perform beam indication to trigger serving cell change, as indicated by a few companies in the intermediate and final round discussions. 

2. The term of “inter-cell/mTRP beam management” is misleading. R17 discussions mixed up <inter-cell BM> and <inter-cell mTRP> and quite some time were spent to clarify the difference. As L1/L2 mobility is an extension of <inter-cell BM> (i.e., to add serving cell change), rather than <inter-cell mTRP>, it would be better to remove “/mTRP”. Otherwise the objective would read like <inter-cell BM> + <mTRP BM>, where <mTRP BM> in R17 focuses on intra-cell case, and is not directly related to the discussions here.
So we propose the following:

Proposal 1: Revise the objective on L1 enhancements as follows. 

· (3) L1 enhancements, including inter-cell/mTRP beam management, L1 measurement and reporting, beam indication, and timing management (if needed, as a second priority) [RAN1, RAN2, RAN4];
2.2 Main discussion points after the email discussions
· Inter-frequency

In Rel-17 discussions of L1/L2 based mobility, most companies think both intra-frequency and inter-frequency can be considered from the practical deployment perspective. Given “serving cell change” for the Rel-18 L1/L2 inter-cell mobility, it is straightforward to consider both intra-frequency and inter-frequency, which is comparable with L3 based handover. Since legacy L3 based handover already supports inter-frequency RRM measurement, we don't see a blocking point to exploit L1 measurement for candidate serving cells operated on different frequencies. Of course RAN4 and RAN1 will be consulted on the support of inter-frequency L1 measurement, but it can be extended starting from Rel-17 framework, so the solution for intra-frequency and inter-frequency is not expected to have much difference.

Proposal 2: Confirm both intra-frequency and inter-frequency should be supported for L1/L2 inter-cell mobility.
· MR-DC scenarios 

As indicated in the proposals of the moderator on the scenarios: Second-priority scenarios only if time is allowed (can be revisited once the scenarios are clearly described): (1) MR-DC, we also observed company’s views on the detailed scenarios are not the same during the pre-meeting email discussions. It can be understood as two different operations: one is serving cell change within MCG or SCG (i.e. not CG change), another one is dynamic SCG change. For the first operation, we understand the L1/L2 aspects within MCG or SCG could be similar as CA case, and if this is the case this can be considered together with CA case. For SCG change, this involves significant complexity including security key change, L2 reset procedures, PDCP re-establishment etc. which will make the L1/L2 mobility less attractive compared with L3 handover and relevant analysis is also provided in [4]. Therefore, the MR-DC scenario should be clarified and it is suggested to focus on the serving cell change within MCG or SCG, and dynamic change across CGs is not considered. 

Proposal 3: For the MR-DC scenario, dynamic serving cell(s) switch within MCG or SCG can be considered in Rel-18 mobility topic, and dynamic switch across CGs is not considered. 

· DAPS/CHO enhancements

As the moderator commented in the summary, these aspects are diverging and some companies may have different understandings there is also some support on other items, e.g. CHO+CPAC, DAPS+CHO. According to the email discussion, the item with the widest support is the CHO + MR-DC. In Rel-16, the CHO cannot include the SCG configuration. Therefore inter-MN handover without/with SN change and the eNB/gNB to MN change procedure is not supported in CHO. It will impact the throughput of UE since MR-DC is no longer maintained during CHO. We agree this issue has high priority and wider scenarios with emphasis on FR2 deployment. When discussing mobility in XR evolution, there is a wide support to support high data rate and low interruption for XR services (i.e. 0ms interruption without DAPS in [5]), which in our understanding can be also supported by this direction.

For DAPS+CA/DC, DAPS+DC can be used to address the fast CG change for MR-DC scenario to fulfil the 0ms interruption and maintain the high data throughput. Compared with the above fast CG change, DAPS+CA/DC is more straight forward. In Rel-17, this was disabled due to UE capability constraints. However, to support services like XR, there may be high-end UEs with higher capabilities. As discussed in the XR evolution, DAPS extension to FR1 CA and FR2 are widely supported in [4][5] and therefore we see value to have it specified for Rel-18 mobility enhancements.

Proposal 4: Agree with the proposal from the moderator that both DAPS+CA/DC and CHO+MR-DC can be considered as a starting point, and other items are deprioritized for Rel-18 DAPS/CHO enhancements.

· Other XR-specific enhancements

As the moderator summarized in the intermediate phase, there is no light on any convergence on other enhancements and it can be discussed based on contributions. However, according to XR evolution discussions [5], “improved e2e latency for DAPS” has a wide support and should be addressed in the generic mobility discussions. Among the candidate other proposals raised by companies in mobility discussion, we think only the item of data forwarding and N3 tunnelling enhancements can be served to reduce the E2E latency, which is critical to the delay-sensitive traffic, e.g. XR, URLLC and can be also applied to generic inter-gNB handover. Given this aspect mainly affects RAN3 and little impact to RAN2, it would not ask for extra TUs in RAN2 which may also be more feasible to fit in the scope. More technical analysis can be found in the appendix.

Proposal 5: Data forwarding and N3 tunnelling optimization can be considered in the scope to reduce the E2E latency for DAPS to support services like XR, and the major impact is in RAN3. 

· Maturity of a WI

We observe that all the companies share the justifications on the mobility enhancements: the existing mobility needs to be further improved to overcome the fluctuation of FR2 deployment, to maintain the high data rate with reduced interruption time for emerging traffic, and high-level objectives capturing the common understandings have depicted the overall work to specify in the scope of Rel-18. Given that L1/L2 mobility and DAPS/CHO enhancements have extensively discussed in the past releases and formulated good understandings on how to extend the existing framework for Rel-18 enhancements, the maturity of the discussions on this area seems sufficient for a RAN2-led WI, in coordination with RAN1, RAN3 and RAN4.

Proposal 6: Mobility enhancement can be a Rel-18 RAN2-led WI in coordination with RAN1, RAN3 and RAN4. .

In the appendix, we intend to give some complementary considerations of detailed operations with respect to the suggested scope.

3. Conclusions
In this contribution, we have provided our considerations on the suggested scope of NR mobility enhancements in R18, with the following observations and proposals:
· L1/L2 inter-cell mobility 
Proposal 1: Revise the objective on L1 enhancements as follows. 

· (3) L1 enhancements, including inter-cell/mTRP beam management, L1 measurement and reporting, beam indication, and timing management (if needed, as a second priority) [RAN1, RAN2, RAN4];
Proposal 2: Confirm both intra-frequency and inter-frequency should be supported for L1/L2 inter-cell mobility.

Proposal 3: For the MR-DC scenario, dynamic serving cell(s) switch within MCG or SCG can be considered in Rel-18 mobility topic, and dynamic switch across CGs is not considered. 
· DAPS/CHO enhancements 
Proposal 4: Agree with the proposal from the moderator that both DAPS+CA/DC and CHO+MR-DC can be considered as a starting point, and other items are deprioritized for Rel-18 DAPS/CHO enhancements.
· Other XR-specific enhancements

Proposal 5: Data forwarding and N3 tunnelling optimization can be considered in the scope to reduce the E2E latency for DAPS to support services like XR, and the major impact is in RAN3. 
In general,

Proposal 6: Mobility enhancement can be a Rel-18 RAN2-led WI in coordination with RAN1, RAN3 and RAN4.
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5. Detailed operations of R18 Mobility enhancements
5.1 L1/L2 based mobility 

· CA operations

L1/L2 based mobility was originally started in R17 and inter-cell beam management in R17 is targeting at intra-DU and intra-frequency scenarios, with serving cell remain unchanged. In FR2 deployment, CA is typically applied to exploit the large bandwidth, i.e., to aggregate multiple CCs in one band, and these CCs are typically transmitted with the same analog beam pair (gNB beam and UE beam). With the legacy L3 handover mechanisms, the existing SCell(s) would be released before the UE moves to the coverage area of a new site, and can only be added back after successful handover, which would lead to serious throughput degradations during handover. This is illustrated in Figure 1 below. Therefore, it would be good if L1/L2 based mobility in R18 can be designed to enable instantaneous CA operation upon serving cell change. 
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Figure 1.  L1/L2 based mobility with CA
Moreover, given that diverse frequency ranges subject to different coverages and throughput fluctuation, when the UE moves within the coverage of CA, as illustrated in Figure 2 below, Cell#1-Cell#4 can be pre-configured to the UE by the RRC signalling, and inter-cell beam management and L1 measurement are also configured to apply. When the UE moves towards Cell#3, SCell can be dynamically switched between Cell#2 and Cell#3 via L1/L2 signalling based on the L1 measurement and thus CA can be still maintained. When the UE continues to move, i.e. moves towards the coverage of Cell#4, in this case, the previous PCell of Cell#1 operated in 3.5G cannot be maintained anymore, and Cell#2 operated in 2.1G that is previously configured as a SCell shall be promoted to the target PCell via L1/L2 signalling due to better coverage. Therefore, dynamic role change between PCell and SCell shall be also considered to facilitate dynamic serving cell switch for CA scenarios for maintaining high throughput with reduced interruption.
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Figure 2.  Exemplary procedures of L1/L2 based mobility in CA scenario
Proposal 7: For the CA scenario, dynamic serving cell(s) switch and role change between PCell and SCell should be supported for L1/L2 based mobility in R18.
· Inter-DU operations
For the CU-DU split scenarios, another aspect to consider for L1/L2 based mobility is the TA maintenance, especially for inter-DU case. When the UE moves to another DU, PCell change would normally involve TA update procedure by initiating the RA procedure towards the target PCell, which will cause interruption and not comply with the motivation of L1/L2 mobility. However, supporting different TA values across serving cells/TRPs will help extending the applicable scenarios of inter-cell beam management. For instance, triggering of RACH transmission towards target serving cell/TRPs from the serving cell via L1/L2 signalling with the purpose of reducing the preparation of L1/L2 based handover. For the inter-CU case, similar to the CG change where the PDCP anchor is relocated, it is not feasible to apply L1/L2 based mobility procedure and thus it should be excluded.

Proposal 8: The intra-CU inter-DU scenarios with same or different TAs can be considered for L1/L2 based mobility in R18.

5.2 DAPS/CHO related enhancements

In the last meeting RAN2#115, RAN2 assumes the CHO with SCG configuration will be supported in Rel-17. In our understanding, in the last meeting, the use case is for blind handing of SCG configuration. We think the solution has some drawbacks. Firstly, in this solution, the network can only configure one PSCell/SCG for each candidate PCell. But in fact the network does not know which PSCell is best when the UE access the candidate PCell. Therefore the configured PSCell may not be the best candidate PSCell when the UE access the candidate PCell. It will impact the throughput of the UE. Secondly, the network does not know the quality of PSCell when the network configures the PSCell in the CHO. If the UE also directly access the SN when the UE access the candidate PCell, the SCG failure will happen. It will also impact the throughput of the UE. Therefore the CHO+MR-DC need to consider the quality of SN. We think the CHO configuration including the CPAC configuration is one solution to support the inter-MN handover without/with SN change and the eNB/gNB to MN change procedure in CHO. In this solution, the UE will access the suitable and the best candidate PSCell. 

Proposal 9: For CHO+MR-DC, to further specify CHO including CPAC configuration approach to support the inter-MN handover without/with SN change and the eNB/gNB to MN change procedures.

5.3 Data forwarding and N3 tunnelling enhancements

For inter-gNB handover scenario, DAPS cannot reduce the E2E latency performance due to unavoidable data forwarding between the source and target gNB before path switch. With the single N3 tunnel towards UPF, the source gNB needs to first buffer the data packet delivered from UPF and then forward to target gNB so that it can be transmitted to UE. Therefore, the additional latency would be occurred over Xn/X2 caused by data forwarding during the handover procedure for the data packet transfer. Currently, Xn/X2 data forwarding would bring around 10ms delay or even more, which cannot serve for services like URLLC. Thus further mobility enhancement should be considered to guarantee low latency experience. 
Observation 1: Data forwarding over Xn/X2 interface during mobility would incur additional latency for typically 10ms, which may not satisfy E2E latency performance like URLLC. 
With the single N3 tunnel during the mobility, data forwarding over Xn/X2 network interface always comes along with the N3 tunnel path switch. It is observed that dual N3 tunnel towards one gNB has been supported in NR Release 16 for the support of URLLC. We consider it is necessary to consider to deploy the dual N3 tunnels during the mobility procedure towards both gNBs and therefore the data forwarding can be avoided by directly delivering the packet to the target node from the UPF (as illustrated in Figure 3). By exploiting the DAPS operation of L2 protocol stack, the main standard work would be in RAN3 for PDCP COUNT assignment at different RAN nodes.
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Figure 3. Data forwarding between source and target gNB
Proposal 10: Specify the dual N3 tunnel approach during the mobility procedure to minimize the network latency caused by Xn/X2 data forwarding, by exploiting the DAPS operation. 
