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1. Introduction
At RAN2#105bis, we give some initial analysis for the possibility of applying the 2-step RACH for the purpose of handover interruption reduction [1]. From the analysis in [1], obviously 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. However, no explicit agreement is made at RAN2#105bis.
In this contribution, we try to share some further analysis of the two solutions and propose to adopt 2-step RACH instead of RACH-less for the purpose of handover interruption reduction in NR.
2. [bookmark: OLE_LINK1]Discussion
Applicable scenarios:
RACH-less handover introduced in LTE is limited only for the scenarios where TA is the same as the source (i.e. intra-site) or TA = 0 (i.e. small cell). It should be noted that during R14, there was a discussion to broad the application scenarios of the RACH-less handover with the adoption of some calculation based solutions(either UE based TA calculation or eNB based TA calculation)[3]. However, RAN4 indicated that the accuracy of TA can’t be met by UE calculated TA scheme in either synchronous or asynchronous network [4]. At RAN2#105, we sent another LS to RAN4&RAN1 [5] to consult whether the reply in [4] are applicable also for NR. So extra efforts are needed in RAN4&RAN1 and it is most probable that the answer would be negative, i.e. the same conclusion for LTE applies also for NR.
[bookmark: OLE_LINK4]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. In this way, no extra efforts are needed at RAN4&RAN1 for the supporting of 2-step RACH during handover.
Observation 1:
· There would be no extra efforts at RAN4&RAN1 for the supporting of 2-step RACH during handover.
· Extra efforts are needed at RAN4&RAN1 for the evaluation of the RACH-less handover.
Observation 2: 
· 2-step RACH can be applied to any cell size regardless of whether the UE has valid TA of the target. 
· In the current, RACH-less handover can only be applied to the scenario where the target TA is the same as the source or TA = 0.
[bookmark: OLE_LINK5]Resource configuration:
[bookmark: OLE_LINK8]In LTE, if RACH-less HO is configured, the UE accesses the target via the pre-allocated UL-grant configured in the HO command. Alternatively, if no pre-allocated UL-grant is configured in the HO command, the UE monitors the PDCCH of the target cell. Generally speaking, the same mechanism can be reused in NR. However, the difference is that besides the time and frequency domain, an additional dimension (beam) is introduced in NR. So the pre-allocated UL-grant should be configured associated with SSB or CSI-RS, just as what we do for the configuration of CFRA resources. However, it should be noted that there’s a relative long time between the HO preparation and HO execution. The beam information reported to the network may have been out of date during the HO execution. So to avoid any unexpected interruption caused due to the out of dated beams, the network may need to configure pre-allocated UL-grant for all target SSB/CSI-RS as much as possible unless the target is very loaded. This is quite resource consuming. Similarly, in case no pre-allocated UL-grant is configured in the HO command, due to the fact that the beam information reported may have been out of date, the network may have to schedule UL-grants on all the possible beams, which is quite resource consuming too.
Per the scope of WI [2], only contention based RACH procedures are considered for 2-step RACH. In addition, the current discussion for 2-step RACH mainly focus on the scenario of connection setup/resume procedure. So although the details of the 2-step RACH is not specified yet, it is most likely that the PUSCH payload size in msgA is equal to the CCCH message size, e.g. 56/72bits (for IDLE/INACTIVE states). However, in case applying the 2-step RACH for handover, a bigger payload size should be allowed to achieve the objective of handover interruption reduction. So given that, the RACH resource pool associated with a small PUSCH payload (e.g. 56/72bits) which is designated for the initial access may not fit for the handover scenario. To iron out the issue, a separate RACH resource pool associated with larger PUSCH resources can be configured for handover. 
It should be noted that according to the WID scope [2], only contention based RACH procedures are considered for 2-step RACH. Hence, the separate RACH resource pool associated with larger PUSCH resources can be configured as cell specific which is applied for all the UEs performing 2-step RACH based handover. So given that, it is much more resource friendly compared to configuring/scheduling UE dedicated UL-grant on all the possible beams in case of supporting RACH-less.
Observation 3: 
· A separate cell specific RACH resource pool associated with larger PUSCH resources may need to be configured for 2-step RACH. 
· Pre-allocated UL-grant may need to be configured or UL-grant may need to be scheduled on all the target SSB/CSI-RS as much as possible for RACH-less handover, which is quite resource consuming.
Beam selection:
As discussed above, pre-allocated UL-grant is configured or UL-grant is scheduled associated with SSB/CSI-RS. So how to perform beam selection during the RACH-less handover should be specified. In the random access procedure, the PRACH resources are configured associated with beams, e.g. SSB or CSI-RS. The UE selects a qualified beam (e.g. RSRP above the configured threshold) and send Msg1 using the associated PRACH resource. The similar mechanism can be applied also for RACH-less handover. That is, the UE selects a qualified beam (e.g. SSB/CSI-RS with RSRP above the configured threshold) and accesses the target via the associated UL grant, either the pre-allocated UL-grant configured in the HO command or the scheduled UL-grant monitored from the PDCCH.
In addition, in case pre-allocated UL-grant is not configured in the HO command, the UE should monitor PDCCH for acquiring the UL-grant. To reduce the PDCCH monitoring efforts, in case the network is definitely sure that only a subset of beams (e.g. SSB or CSI-RS) needs to be monitored, the network can indicate the SSB/CSI-RS for monitoring to the UE. Typically, during the conventional handover, the target gNB would activate one of the TCI states via a MAC CE after handover. Then after that, the UE uses the activated TCI state for PDCCH monitoring. In case of RACH-less handover, new mechanisms should be introduced to indicate the activated TCI state(s). For example, explicitly indicated in the HO command or specified in the spec by default.
[bookmark: OLE_LINK12]While for 2-step RACH, it is a random access procedure itself, so no extra effort is needed.
Observation 4: 
· For 2-step RACH, no extra effort is needed for the discussion of beam selection. 
· For RACH-less handover, how to perform beam selection and how to indicate the activated TCI state(s) should be discussed.
Fallback mechanism:
As discussed above, pre-allocated UL-grant is configured or UL-grant is scheduled associated with SSB/CSI-RS. The UE performs beam selection and selects the associated UL-grant for the first uplink transmission. Fallback mechanism should be specified in case no qualified SSB/CSI-RS with associated UL-grant is identified. In the conventional handover procedure, in case no qualified SSB/CSI-RS with associated CFRA resources is identified, the UE would fall back to a CBRA procedure. The similar mechanism can be applied for the RACH-less handover. That is, in case no qualified SSB/CSI-RS with associated UL-grant is found, the UE should fallback to CBRA.
While for 2-step RACH, it is a random access procedure itself, so no extra effort is needed.
Observation 5: 
· For 2-step RACH, no extra effort is needed for the discussion of fallback mechanism. 
· For RACH-less handover, fallback mechanism should be discussed in case no qualified SSB/CSI-RS with associated UL-grant can be identified.
Retransmission for the first uplink packet:
Unlike in LTE, only asynchronization uplink retransmission is defined in NR. So if to introduce RACH-less handover in NR, retransmission mechanism for the first uplink packet should be identified.
While in case of 2-step RACH, how to perform retransmission of the first uplink packet (i.e. the PUSCH associated with the RACH resource) is definitely in the scope of the whole 2-step RACH solution. For example, if the network can’t decode the entire msgA, the UE could initiate another msgA attempt. While if the network can decode the preamble but fails to decode the PUSCH, the network can assign a UL grant in the RAR for the re-transmission of the PUSCH. In summary, the issue can be solved by the whole solution of the 2-step RACH itself. So no extra effort is needed specifically for applying the 2-step RACH to handover. 
Observation 6: 
· For 2-step RACH, no extra effort is needed for the retransmission for the first uplink packet. 
· For RACH-less handover, retransmission mechanism for the first uplink packet should be identified.
Given the above analysis, 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
	Metrics
	RACH-less
	2-step RACH

	Applicable scenarios
	Extra efforts are needed at RAN4&RAN1; (-)
In the current, only applied to the scenario where the target TA is the same as the source or TA = 0; (-)
	No extra efforts at RAN4&RAN1; (+)
Applied to any scenarios; (+)

	Resource configuration
	Pre-allocated UL-grant may need to be configured or UL-grant may need to be scheduled on all the target SSB/CSI-RS as much as possible for RACH-less handover, which is quite resource consuming; (-)
	A separate cell specific RACH resource pool associated with larger PUSCH resources may need to be configured for 2-step RACH; 

	Beam selection
	How to perform beam selection should be discussed; (-)
How to indicate the activated TCI state(s) should be discussed; (-)
	No extra effort is needed; (+)

	Fallback mechanism
	Fallback mechanism should be discussed in case no qualified SSB/CSI-RS with associated UL-grant can be identified; (-)
	No extra effort is needed; (+)

	Retransmission for the first uplink packet
	Retransmission mechanism for the first uplink packet should be identified; (-)
	No extra effort is needed; (+)


From the comparison summary in Table 1, it can be seen that 2-step RACH excels the RACH-less handover in all of the listed metrics. So we propose to adopt 2-step RACH for the purpose of handover interruption reduction in NR, instead of RACH-less handover.
Proposal 1: Adopt 2-step RACH for the purpose of handover interruption reduction in NR, instead of RACH-less handover.
In addition, according to the WID scope [2], only contention based RACH procedures are considered for 2-step RACH. 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. So we propose to support CFRA 2-step RACH and report the outcome to the RAN plenary.
Proposal 2: Support CFRA 2-step RACH for the purpose of handover interruption reduction and report the outcome to the RAN plenary.
3. Conclusion and proposals
In this contribution, we give some further analysis for the 2-step RACH and RACH-less handover with the following observations and proposals:
Observation 1:
· There would be no extra efforts at RAN4&RAN1 for the supporting of 2-step RACH during handover.
· Extra efforts are needed at RAN4&RAN1 for the evaluation of the RACH-less handover.
Observation 2: 
· 2-step RACH can be applied to any cell size regardless of whether the UE has valid TA of the target. 
· In the current, RACH-less handover can only be applied to the scenario where the target TA is the same as the source or TA = 0.
Observation 3: 
· A separate cell specific RACH resource pool associated with larger PUSCH resources may need to be configured for 2-step RACH. 
· Pre-allocated UL-grant may need to be configured or UL-grant may need to be scheduled on all the target SSB/CSI-RS as much as possible for RACH-less handover, which is quite resource consuming.
Observation 4: 
· For 2-step RACH, no extra effort is needed for the discussion of beam selection. 
· For RACH-less handover, how to perform beam selection and how to indicate the activated TCI state(s) should be discussed.
Observation 5: 
· For 2-step RACH, no extra effort is needed for the discussion of fallback mechanism. 
· For RACH-less handover, fallback mechanism should be discussed in case no qualified SSB/CSI-RS with associated UL-grant can be identified.
Observation 6: 
· For 2-step RACH, no extra effort is needed for the retransmission for the first uplink packet. 
· For RACH-less handover, retransmission mechanism for the first uplink packet should be identified.
Proposal 1: Adopt 2-step RACH for the purpose of handover interruption reduction in NR, instead of RACH-less handover.
Proposal 2: Support CFRA 2-step RACH for the purpose of handover interruption reduction and report the outcome to the RAN plenary.
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