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1. Introduction
With the increasing demand of high data rate of emerging traffic, e.g. HD video calls, eXtended Reality (XR), tactile internet and industrial video surveillance, more spectrum resources are needed. Unlike LTE, NR has defined multiple bands including sub-3G bands, C-bands and FR2 bands. This results a large number of different band combinations for SUL, carrier aggregation (CA) and multi-radio dual connectivity (MR-DC) for different deployment scenarios. In this case the mobility across different frequency layers, as well different deployment options becomes more complicated. In order to satisfy the smooth mobility experience in terms of guaranteed high data rate and low latency, further mobility enhancement is worth considering towards NR Release 18. 
In this paper, we intend to review the existing mechanisms and provide considerations of potential mobility enhancements in NR Release 18. 
2. Discussion 
2.1 Review of NR existing mechanisms  
CA and MR-DC are developed to aggregate serving cell(s)/serving cell group(s) to serve the users for high throughput. Given that diverse frequency ranges subject to different coverages and throughput fluctuation, when the UE moves within the coverage of serving cell(s)/serving cell group(s), in Release-17, 3GPP is discussing fast SCell activation/deactivation and efficient SCG activation/deactivation to mainly minimize the start-up time of activating the serving cell/serving cell group(s). However, in Release-17 the network has the configuration restriction of serving cell(s)/serving cell group(s) to comply with capabilities derived from the UE capability. In other words, the maximum number of configured serving cell(s)/serving cell group(s), activated serving cell(s)/serving cell group(s) and simultaneously transmitting or receiving serving cell(s)/serving cell group(s) are the same. Therefore, existing configuration of CA and MR-DC cannot provide more cell(s)/ cell group(s) than the real UE capability of simultaneous transmission. As a result, when the UE moves out of the coverage of PCell/MCG or SN change is needed, the network has to perform L3 handover, and consequently the high data rate cannot be maintained since L2 reset is performed.
Observation 1: Existing CA and MR-DC cannot maintain high data rate during mobility since the configured SCells/SCG are restricted by UE capability for simultaneous transmission, which results in frequent L3 mobility.
In addition in Rel-16 DAPS has been introduced. In the DAPS operation, the UE is configured with dual links and instructed to transmit old and new packets via source PCell link and target PCell link, respectively. Therefore, by not releasing the source PCell link, 0ms radio level interruption can be achieved.
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Figure 1. Mobility with DAPS support across multiple bands
However, DAPS is designed in Release-16 without jointly supporting CA/DC. As shown in the Figure 1, the SCell 2.1G configured at the source gNB shall be released during DAPS operation, which would degrade the throughput performance by maintaining only PCell 3.5G at the source gNB. After the handover, the 2.1G SCell has to be added again by RRC reconfiguration. The main limitation of not supporting DAPS together with CA/DC comes from the UE capability limitation. If CA/DC is configured and the principle of DAPS applies, it requires the UE to support at least 4 legs, which adds significant complexity on the UE side. Solutions which do not require too high UE capability to support mobility with 0ms interruption and high data rate maintenance in CA/DC case are important and should be studied in Release-18.

Observation 2: Existing DAPS solution cannot be applied to CA/DC, and thus CA/MR-DC operation with L3 mobility still have data rate degradation.
Moreover, from the data packet transfer point, DAPS cannot address the 0ms interruption of 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 (as shown in Figure 2) 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. 
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Figure 2. Data forwarding between source and target gNB
Observation 3: Data forwarding over Xn/X2 interface during mobility would incur additional latency for typically 10ms, which may not satisfy E2E latency performance like URLLC. 
2.2 Potential enhancements 
· CA/MR-DC mobility
Generally, L3 handover would involve amount of RRC signalling exchange with considerable processing delay. Compared with L3 handover, L1/L2 dynamic switch among configured serving cells is deemed to be one effective approach to achieve the higher data rate while achieving “0ms” interruption at the same time. Note that L1/L2 mobility is under 3GPP NR Release 17 discussions in the context of FR2 mobility with the usage of L1/L2 signalling, however due to time limitation in Release 17 it may not complete all the work. In addition to FR2 mobility, this technique seems also beneficial for FR1 bands as well to improve the mobility performance of high data rate. It is therefore reasonable in Release 18 to exploit the possibility of enhancing the mechanism, e.g. pre-configuring more serving cell(s)/serving cell group(s) than the real UE capability for simultaneous transmission, which can be applicable for different deployment options including SUL, CA, DC etc by employing flexible spectrum access (FSA) for mobility scenarios (more details of FSA can be found in [1]).
The below considers the CA scenario with multiple bands as an example. As illustrated in Figure 3, during the period when the UE moves across serving cells (from the left to right), according to the existing L3 mobility and CA procedures, the UE is expected to encounter multiple times of mobility by taking the different coverage of bands and practical deployment into account. In the following, three Stages of CA configurations have been characterised where each Stage is corresponding to a period during the UE mobility, assuming UE supports two UL simultaneous transmission: 

· Stage 1: The UE is initially configured with PCell 1 and SCell 2. When the UE moves towards Cell 3, in order to boost throughput performance, the UE may be re-configured with SCell 3 operated in FR2, wherein the RRC reconfiguration will be indicated by releasing the SCell 2 and configuring SCell 3, and MAC CE needs also to be transmitted to activate SCell 3. Around 15ms latency during the SCell switch by RRC signalling will be caused. 
· Stage 2: When the UE moves out of the coverage of SCell 3, the SCell 3 is expected to fallback to Cell 2 operated at 2.1G for maintaining the throughput performance. Similar to Stage 1, around 15ms latency during the SCell switch by RRC signalling will be caused.
· Stage 3: When the UE continuously moves out of the coverage of PCell 1, the network will trigger the L3 handover to switch the PCell from Cell 1 to Cell 2 to avoid radio link failure. If DAPS is configured to avoid handover interruption, the network needs to first release SCell 2. After DAPS handover, SCell 4 may be added by RRC reconfiguration and activated by MAC again to maintain the throughput. Therefore the whole latency is more than 30ms.
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Figure 3. Scenario of carrier aggregation across multiple bands
According to above analysis, it can be seen that due to the UE capability restriction, frequent RRC signalling will be required to maintain the “CA operation” during the mobility, which will cause interruption time of the data transmission and degrade the throughput performance as well. However in reality, the major limitation from the UE side is the number of RF chains for simultaneous transmission/reception. The configuration of cells does not really require the RF chain capability from the UE side and if this can be further improved, this could add more flexibility for network configurations and also enhance the UE mobility performance [1]. With the dynamic serving cell change approach as FSA, the serving cell configurations of Cell 3 and Cell 4 can be configured by RRC in advance when the UE is served by 2.1G PCell 1, and L1/L2 signalling can be used by the network to enable fast switch for the serving cell operated at 26G and 3.5G and thereby facilitating the smooth switch among “multiple Cells” with 0ms interruption and high data rate maintenance. 
It is worth mentioning that NR has more band combinations in addition to CA, so the above principle can be considered to support wider deployment options including CA, SUL, MR-DC etc as the gains are quite similar. For instance, in the case of widely deployed EN-DC operation, the SN change procedure could happen more frequently than legacy handover due to smaller coverage of NR cells, especially when operating in FR2. As shown in the following Figure 4, the serving SN is expected to switch from source SN (S-SN) to target SN (T-SN) during the UE mobility. It is worth noted that S-SN and T-SN can be operated at the same or different frequencies from practical deployment point. Currently, the SN change will bring interruption similar with legacy handover, so the dynamic switch of serving SN with L1/L2 signalling can be also considered to apply to MR-DC operation. In future if more bands need to be combined together, there may be more than one SCGs configured for the UE. However the simultaneous transmission capability from the UE side cannot be expected to be enhanced quickly to support >2 legs, and thus such mechanism is also useful when more than one SCG is configured and the network can dynamic switch the SCG to be used by the UE. 
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Figure 4. Scenario of multi-connectivity across multiple bands
Proposal 1: to specify the dynamic switch mechanism for flexible spectrum access among multiple (>=2) carriers/cell(s) or cell group(s) for both intra-frequency and inter-frequency cases, without increasing the UE capability to support more RF chains for simultaneous transmission/reception.
· Network latency reduction 
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 two gNBs and therefore the data forwarding can be avoided by directly delivering the packet to the target node from the UPF. 
Proposal 2: to study the dual N3 tunnel approach during the mobility procedure to minimize the network latency caused by Xn/X2 data forwarding. 
· Miscellaneous leftovers of Release 16 and 17
In addition, some of the Release 16 mobility and Release 17 eDCCA leftovers have already identified before and can be considered in Release 18 to address more scenarios of mobility. In Release 16, DAPS cannot be configured simultaneously with conditional handover (CHO) due to lack of sufficient time for specifications. However, during CHO procedure, there still will be data interruption, and thus it is beneficial to consider the combination of CHO and DAPS for scenarios with high reliability and low latency requirements. Moreover, in current MR-DC operation, if MN changes involving L3 mobility procedure is required, mechanism to support 0ms interruption can also be considered.
Proposal 3: to consider leftovers of mobility, e.g. combination of DAPS and CHO, and 0ms interruption for MN change etc. 
3. Conclusions
We propose to consider the following aspects in Release 18 for further mobility enhancement.

Proposal 1: to specify the dynamic switch mechanism for flexible spectrum access among multiple (>=2) carriers/cell(s) or cell group(s) for both intra-frequency and inter-frequency cases, without increasing the UE capability to support more RF chains for simultaneous transmission/reception.
Proposal 2: to study the dual N3 tunnel approach during the mobility procedure to minimize the network latency caused by Xn/X2 data forwarding. 

Proposal 3: to consider leftovers of mobility, e.g. combination of DAPS and CHO, and 0ms interruption for MN change etc.
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