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1. Introduction
To reduce mobility interruption in NR, one of the solutions proposed to be considered in [1] is RACH-less handover:
· To study solution(s) to reduce interruption time during HO/SCG change focusing on the following identified solutions but not limited. 
· Handover/SCG change with simultaneous connectivity with source cell and target cell. 
· Make-before-break 
· RACH-less handover 
[bookmark: OLE_LINK9][bookmark: OLE_LINK8]In addition, to promote the random access procedure, a new WID for 2-step RACH [2] was approved at RAN#82. During the 2-step RACH, the first step “msgA” comprises preamble and PUSCH payload while the second step “msgB” comprises equivalent contents of msg2 and msg4 of 4-step RACH. So with the adoption of 2-step RACH, the RACH progress can be accelerated and meanwhile the mobility interruption can also be reduced.
In this contribution, we discuss the possibility of adoption 2-step RACH for the objective of mobility interruption reduction and also give some initial comparison of 2-step RACH and RACH-less handover.
2. [bookmark: OLE_LINK1]Discussion
Per WID [2], 2-step RACH can be applied for all RRC states and for all triggers for Rel-15 NR 4-step RACH except for SI Request and BFR which are up to RAN2 discussion:
[bookmark: OLE_LINK2]----------------------------------------------------Excerpted from RP-182894----------------------------------------------------
MsgA comprising preamble and data was studied and evaluated for 2-step RACH. General higher layer aspects of 2-step RACH were also studied. In addition to the general enhancements for connection setup/resume procedure, it was also concluded that a 2-step RACH procedure potentially has benefits for channel access. RAN2 also agreed that triggers for 4-step RACH are also applicable to 2-step RACH and hence 2-step RACH could be applied for all RRC states.
· All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion
· No new triggers for 2 step RACH
----------------------------------------------------Excerpted from RP-182894----------------------------------------------------
In other words, according to the scope of the WID [2], 2-step RACH can definitely be applied to the handover.
Observation 1: According to the scope of the WID, 2-step RACH can definitely be applied to the handover.
[bookmark: OLE_LINK5]In the following, we discuss the 2-step RACH and RACH-less handover mainly from three aspects, including interruption reduction, applicable scenarios and impacts on specification.
Interruption reduction:
RACH-less handover is introduced for LTE in R14. The mobility interruption is reduced by skipping the RACH procedure. The UE transmits the first UL data via the pre-allocated UL-grant configured in the RRC message. Or if no pre-allocated UL-grant is configured in the RRC message, the UE monitors the PDCCH of the target cell and transmits the first UL data on the scheduled UL grant directly. 
[image: ]
With the application of the RACH-less handover, the interruption can be reduced to 2/5/10 ms which depends on the ul-SchedInterval-r14 (in case pre-allocated UL-grant is configured in the HO CMD), or can be reduced to the TUL_grant [3] (the time required to acquire and process uplink grant from the target cell in case no pre-allocated UL-grant is configured in the HO CMD)[footnoteRef:0]. [0:  For simplicity, we assuming both Tsearch (the time required to search the target cell when the handover command is received by the UE) and Tprocessing (UE processing time for RF/baseband re-tuning, security update) is “0” here.] 

Per the scope of the WID [2], only contention based RACH procedures are specified for 2-step RACH and PUSCH payload can be included in msgA. Assuming reusing the existing PRACH configurations in R15, the RO density can be configured very high in the time domain, e.g. in the most extreme case, one RO in each subframe on FR1 (Table 6.3.3.2-2 ~ Table 6.3.3.2-3 in 38.211[4]) or one RO in each slot on FR2 (Table 6.3.3.2-4). Given that, with the application of 2-step RACH during handover, the interruption can be reduced with the same level as RACH-less or even better.
Observation 2: With the application of 2-step RACH during handover, it is possible to reduce the interruption to the same level as RACH-less or even better.
In the legacy handover procedure, without the dedicated random access resources provided, the UE accesses the target with the cell specific RACH-ConfigCommon received in the HO CMD, which is the same as what is broadcast in SIB1. Besides, although the details of the 2-step RACH is not specified yet, in case the 2-step RACH is applied for the enhancements for connection setup/resume procedure, it is likely that the PUSCH payload size in msgA is equal to the CCCH message size, e.g. 56/72bits (for IDLE/INACTIVE states). In case of CONNECTED state, for the objective of handover interruption reduction and allowing the UE to send a bigger packet in msgA, a separate RACH resource pool with associated PUSCH resources can be configured for handover, i.e. other than the one for connection setup/resume etc. According to the WID scope [2], only contention based RACH procedures are considered for 2-step RACH. Hence, the separate RACH resource pool with associated PUSCH resources can be configured as cell specific which is applied for all the UEs performing 2-step RACH based handover. However, if the network wishes to further reduce the HO interruption time by avoiding any RACH collision, it would be beneficial to consider the contention free based RACH procedure also for 2-step RACH. In this case, the separate RACH resource pool with associated PUSCH resources is configured dedicated for each UE.
[bookmark: OLE_LINK3]Observation 3: For the objective of handover interruption reduction and allowing the UE to send a bigger packet in msgA, a separate RACH resource pool with associated PUSCH resources can be configured for handover.
Observation 4: To avoid any collision during handover, it would be beneficial to consider the contention free RACH procedure also for 2-step RACH.
Applicable scenarios:
[bookmark: OLE_LINK4]RACH-less handover introduced in LTE is limited only for the scenarios where the uplink transmission timing does not change (i.e. intra-site) or equals to "0" (i.e. small cell). While according to the WID [2], 2-step RACH can be able to operate regardless of whether the UE has valid TA or not and is applicable to any cell size supported in Rel-15 NR.
Observation 5: 2-step RACH can be applicable to any cell size regardless of whether the UE has valid TA of the target. While RACH-less handover can only be applied to the scenario where the target TA is the same as the source or TA is “0”.
Impacts on specification:
To expand RACH-less handover in NR:
· Similar specification effort as in LTE is also applicable for NR: New RACH-Skip IE, new capability bit and the corresponding text procedure should be introduced in the TS38.331. Meanwhile, new text procedures should also be introduced in TS38.321 to specify the handling of targetTA received in HO CMD, the UE behavior on reception of a PDCCH transmission addressed to C-RNTI and the calculation of the HARQ Process ID for the pre-allocated UL grant etc. 
· [bookmark: OLE_LINK10]Association between SSB/CSI-RS and UL grant plus the corresponding UE behavior to select the qualified SSB/CSI-RS should be specified: As analyzed in our companion contribution [5], to achieve beam training during the RACH-less handover, the target needs to configure beam specific (SSB or CSI-RS specific) pre-allocated UL-grant(in case pre-allocated UL-grant is configured in the HO CMD) or assign beam specific UL grant(in case no pre-allocated UL-grant is configured in the HO CMD). While the UE should select a qualified beam (e.g. SSB/CSI-RS with RSRP above the configured threshold) and accesses the target via the associated UL grant. 
· [bookmark: OLE_LINK11]Procedure of fallback to CBRA in case no qualified SSB/CSI-RS with pre-allocated UL-grant is available should be specified: Similar as what we have for CFRA, in case no qualified SSB/CSI-RS with pre-allocated UL-grant is found, the UE should fallback to CBRA.
· Retransmission mechanism for the first uplink packet should be specified: Unlike in LTE, only asynchronization uplink retransmission is defined in NR. So, mechanism for the retransmission of the first uplink packet should be discussed.
While instead, if to use 2-step RACH during handover, the design of 2-step RACH can be directly reused. No extra specification effort is needed for the purpose of mobility interruption reduction.
[bookmark: OLE_LINK6]Observation 6: For 2-step RACH, no extra specification effort is needed for the purpose of mobility interruption reduction. For RACH-less handover, in addition to introducing the similar specification procedure as in LTE, extra specification effort is needed for the NR specific issues.
A comparison between 2-step RACH and RACH-less handover is summarized in Table 1.
Table 1 Comparison between 2-step RACH and RACH-less handover
	Metric
	RACH-less
	2-step RACH

	Interruption reduction
	In case pre-allocated UL-grant is configured: the interruption can be reduced to 2/5/10 ms which depends on the  ul-SchedInterval-r14
In case no pre-allocated UL-grant is configured: the interruption can be reduced to  the TUL_grant
NOTE: For simplicity, we assuming both Tsearch (the time required to search the target cell when the handover command is received by the UE) and Tprocessing (UE processing time for RF/baseband re-tuning, security update) is “0” here.
	Depends on the PRACH configurations. The interruption can be reduced to the same level as RACH-less or even better.

	Applicable scenarios
	Can only be applied to the scenario where the target TA is the same as the source or TA is “0”.
	Can be applicable to any cell size regardless of whether the UE has valid TA of the target

	Impacts on specification
	· Similar specification effort as in LTE is also applicable for NR;
· Association between SSB/CSI-RS and UL grant plus the corresponding UE behavior to select the qualified SSB/CSI-RS should be specified;
· Procedure of fallback to CBRA in case no qualified SSB/CSI-RS with pre-allocated UL-grant is available should be specified;
· Retransmission mechanism for the first uplink packet should be specified;
	Just apply the procedure specified for 2-step RACH, no extra specification effort is needed for the purpose of mobility interruption reduction.


 
Proposal 1: Take the comparison in Table 1 into consideration and discuss whether to apply 2-step RACH for the objective of mobility interruption reduction.
If RAN2 agrees to apply 2-step RACH for the objective of mobility interruption reduction, to avoid any collision during handover, RAN2 should also discuss whether contention free random access should be supported for 2-step RACH to achieve the better interruption reduction performance and recommend a way forward based on the outcome to the RAN plenary.
Proposal 2: If the 2-step RACH is agreed for the objective of mobility interruption reduction, RAN2 should further discuss whether contention free random access should be supported for 2-step RACH and recommend a way forward based on the outcome to the RAN plenary.
3. Conclusion and proposals
In this contribution, we discuss the possibility of adoption 2-step RACH for the objective of mobility interruption reduction and also give some initial comparison of 2-step RACH and RACH-less handover with the following observations and proposals:
Observation 1: According to the scope of the WID, 2-step RACH can definitely be applied to the handover.
Observation 2: With the application of 2-step RACH during handover, it is possible to reduce the interruption to the same level as RACH-less or even better.
Observation 3: For the objective of handover interruption reduction and allowing the UE to send a bigger packet in msgA, a separate RACH resource pool with associated PUSCH resources can be configured for handover.
Observation 4: To avoid any collision during handover, it would be beneficial to consider the contention free RACH procedure for 2-step RACH.
Observation 5: 2-step RACH can be applicable to any cell size regardless of whether the UE has valid TA of the target. While RACH-less handover can only be applied to the scenario where the target TA is the same as the source or TA is “0”.
Observation 6: For 2-step RACH, no extra specification effort is needed for the purpose of mobility interruption reduction. For RACH-less handover, in addition to introducing the similar specification procedure as in LTE, extra specification effort is needed for the NR specific issues.
Proposal 1: Take the comparison in Table 1 into consideration and discuss whether to apply 2-step RACH for the objective of mobility interruption reduction.
Proposal 2: If the 2-step RACH is agreed for the objective of mobility interruption reduction, RAN2 should further discuss whether contention free random access should be supported for 2-step RACH and recommend a way forward based on the outcome to the RAN plenary.
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