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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
In this contribution, we discuss following aspects based on RAN2 LS on RACH-less Handover [1] and the discussions in RAN1 #113 as summarized in [2]. According to the discussions, a draft reply is proposed.
· RACH less PUSCH to SSB mapping,
· Beam determination during RACH less handover,
· Power control of RACH less PUSCH transmission.
2. Discussions
In the LS from RAN2, following information has been provided to RAN1.
	For mobility enhancement in Rel-18 NR NTN, RAN2 has discussed NTN RACH-less HO and made the following agreements.
Agreements RAN2#121:
1. Support RACH-less Handover in Rel-18.
2. RACH-less Handover in NR NTN is a L3 mobility procedure (FFS if this is combined with the unchanged PCI approach, if supported) and uses the LTE’s RACH-less Handover procedure as a baseline. FFS on TA acquisition
3. In NTN RACH-less handover, network indicates (implicitly or explicitly) whether NTA in the target cell is identical to the source cell or explicitly provided by the NW.
4. Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell. FFS whether to limit the solution to same feeder link/gateway scenario
Agreements RAN2#121bis-e:
1. In Rel-18 we don’t aim at RACH-less HO for NTN-TN mobility
2. For initial UL transmission in RACH-less HO, support pre-allocated grant in RACH-less HO command
3. NTN RACH-less HO is supported for Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB;
4. NTN RACH-less HO can be supported for intra-satellite handover with different feeder links, i.e., with gateway/gNB switch, inter-satellite handover with gateway/gNB switch, and inter-satellite handover with same gateway/gNB.
5. RAN2 confirms the general UE procedure for NTN RACH-less HO 
	1.	receive a RACH-less HO command which can include pre-allocated grant optionally. FFS N_TA is optional. (RRC)
	2.	start timer T304 for the target cell (RRC)
	3.	perform DL and UL synchronization, and start timer T430. FFS how to perform RACH-less UL synchronization to NTN target cell. (RRC, MAC)
	4.	start time alignment timer (MAC)
	5.	monitor target cell PDCCH for dynamic grant if pre-allocated grant is not configured in RACH-less HO command (MAC, PHY)
	6.	send initial UL transmission including RRCReconfigurationComplete message using the available UL grant (RRC, MAC, PHY)
	7.	consider RACH-less HO is completed upon receiving NW confirmation. FFS how to confirm RACH-less HO is successfully completed. (RRC, MAC)
	8.	stop timer T304 for the target cell. (RRC)
	FFS whether to release UL grant if pre-allocated after RACH-less HO completion
	FFS RACH-less HO failure handling, e.g. whether UE fallback to RACH-based HO to the target cell
	FFS procedure for RACH-less HO combined with PCI unchanged or CHO if supported
4.	The pre-allocated grant is provided as type-1 CG
5.	At least for pre-allocated grant, for the confirmation of RACH-less HO completion we reuse of LTE approach, i.e., UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field. FFS if anything else is needed for dynamic grant
6.   Consider to support combining RACH-less HO with time-based CHO for NTN, taking into account the 1) validity of pre-allocated grant and potential waste of reserved resource; 2) when/how to provide dynamic grant in PDCCH.
RAN2 has also identified some issues which are more relevant to RAN1 and would like to check RAN1 views on the following aspects for NTN RACH-less HO.
	1. Regarding the pre-allocated grant for initial UL transmission, considering the similarity to Msg1 in RACH and the similarity to the initial UL transmission in CG-SDT, where PRACH/PUSCH resource is mapped to SSBs, whether the pre-allocated grant is provided with association to SSB(s)? If yes, whether a RSRP threshold is needed for SSB selection for initial UL transmission?
	2. To monitor target cell PDCCH for dynamic grant for initial UL transmission, whether beam selection is needed (e.g., performed by NW with selected beam(s) indicated, or performed by UE)?
	3. Regarding the power control for initial UL transmission, whether it follows the rules specified for PUSCH scheduled by Random Access grant or by configured grant or others?
ACTION to RAN1:	RAN2 respectfully asks RAN1 to take the agreements into consideration for the future work and provide responses to above questions.


2.1	RACH less PUSCH to SSB mapping
In RAN1#113 meeting, following agreements have been made:
	Agreement
· One company thinks that when the network knows the suitable DL beam for RACH-less handover, the pre-allocated grant can be associated with a SSB index of the target cell, and when the network does not know the suitable DL beam, RACH-based HO can be used instead of introducing beam-sweeped pre-allocated grants associated with multiple SSB indexes. Other companies think that the association between the pre-allocated grant for initial transmission and SSB index should be supported without any condition(s), and think that RSRP threshold may be helpful.


Considering that there’s no UL transmission before the initial UL transmission in the target serving cell, the target gNB is not aware of which downlink beam is preferred by UE in time and is probably not aware of which uplink beam is better to receive the uplink transmission either except that there could be some RRM measurement reported in source cell which may be not up to data for PUSCH transmissions. Therefore, an association between SSB and the initial PUSCH transmission resource is needed.
It can be seen that the initial UL transmission in RACH less handover can be either scheduled by dynamic grant or by type 1 configured grant. The association would be different for these 2 cases. For UL transmission scheduled by configured grant, a mapping between SSB and the CG PUSCH resources can be introduced similar to the SSB to CG PUSCH mapping applied in CG SDT introduced in Rel-17. For UL transmission scheduled by dynamic grant, the SSB associated to the DG PUSCH resource can be indicated in the DCI directly. For this DG PUSCH, the indicated SSB can be roughly determined based on RRM measurement of target cell reported in source cell.
According to above we have following proposal.
Proposal 1:
· For RACH less handover, introduce SSB to CG PUSCH resource mapping for CG PUSCH and indicate the SSB associated to the DG PUSCH in the DCI scheduling the PUSCH.
To support SSB to CG PUSCH mapping, similar to discussions in SDT, the mapping mechanism and association period of SSB to CG PUSCH mapping in SDT can be reused by RACH less handover. A subset of SSBs can be indicated in RACH less handover command so that UE doesn’t have to measure all the SSBs transmitted in the target serving cell. 
Proposal 2:
· For RACH less handover, reuse SSB to CG PUSCH resource mapping in SDT as much as possible and indicate a subset of SSBs in handover command for SSB to CG PUSCH resource mapping.
2.2	Beam determination during RACH less handover
In RAN1#113 meeting, following agreements have been made:
	Agreement
· If single beam is indicated, UE will monitor the target cell PDCCH scheduling the first PUSCH based on the indicated beam. RAN1 will further discuss the case where multiple beams are indicated.


During RACH less handover, the PDCCH monitoring is needed in target cell for receiving dynamically scheduled initial PUSCH transmission. In current spec., the RS that can be quasi co-located with the DMRS port of a PDCCH reception is based on the following text copied from 3GPP TS 38.213 v17.5.0. To determine the downlink beam to receive this PDCCH, it should be discussed in RAN1 on which coreset to be used for this PDCCH monitoring in target serving cell.
	For a CORESET other than a CORESET with index 0, 
-	if a UE has not been provided a configuration of TCI state(s) by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList for the CORESET, or has been provided initial configuration of more than one TCI states for the CORESET by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList but has not received a MAC CE activation command for one of the TCI states as described in [11, TS 38.321], the UE assumes that the DM-RS antenna port associated with PDCCH receptions is quasi co-located with the SS/PBCH block the UE identified during the initial access procedure, or for a most recent configured grant PUSCH transmission as described in clause 19 for a same HARQ process; 
-	if a UE has been provided a configuration of more than one TCI states by tci-StatesPDCCH-ToAddList and tci-StatesPDCCH-ToReleaseList for the CORESET as part of Reconfiguration with sync procedure as described in [12, TS 38.331] but has not received a MAC CE activation command for one of the TCI states as described in [11, TS 38.321], the UE assumes that the DM-RS antenna port associated with PDCCH receptions is quasi co-located with the SS/PBCH block or the CSI-RS resource the UE identified during the random access procedure initiated by the Reconfiguration with sync procedure as described in [12, TS 38.331].
For a CORESET with index 0, 
[bookmark: _Hlk99980026]-	if the UE is provided TCI-State and if followUnifiedTCI-State = 'enabled' for the CORESET, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET and a DM-RS antenna port for PDSCH receptions scheduled by DCI formats provided by PDCCH receptions in the CORESET are quasi co-located with the reference signals provided by the indicated TCI-State [6, TS 38.214]
-	else, the UE assumes that a DM-RS antenna port for PDCCH receptions in the CORESET is quasi co-located with 
-	the one or more DL RS configured by a TCI state, where the TCI state is indicated by a MAC CE activation command for the CORESET, if any, or
-	a SS/PBCH block the UE identified during a most recent random access procedure not initiated by a PDCCH order that triggers a contention-free random access procedure, if no MAC CE activation command indicating a TCI state for the CORESET is received after the most recent random access procedure, or a SS/PBCH block the UE identified during a most recent configured grant PUSCH transmission as described in clause 19.


According to current spec., uplink measurements or uplink transmissions are always needed for determining the relevant DL RS beam unless the uplink resources are mapped to SSBs. For the first PDCCH reception in target cell to schedule DG PUSCH, although there’s no uplink transmission in target cell, source cell may report the downlink RRM measurements of target cell to the target cell so that downlink beam preferred by UE for this PDCCH transmission can be known by target cell before triggering RACH less handover. Therefore, the PDCCH beam can be indicated in the handover command.
Proposal 3:
· For the first PDCCH transmission in target cell to schedule initial DG PUSCH, the corresponding TCI state can be indicated in handover command in the RACH less procedure.
From the RAN2 LS, it can also be observed that there could be a PDSCH transmission scheduled by DCI for confirming that RACH-less HO is successfully completed. For such PDCCH and PDSCH transmission, the UE may assume that the DM-RS antenna port associated with the PDCCH receptions, the DM-RS antenna port associated with the PDSCH receptions, and the SS/PBCH block associated with the initial PUSCH transmission are quasi co-located with respect to average gain and quasi co-location 'typeA' or 'typeD' properties.
Proposal 4:
· For PDCCH and PDSCH receptions to confirm that RACH-less HO is successfully completed, the UE may assume that the DM-RS antenna port associated with the PDCCH receptions, the DM-RS antenna port associated with the PDSCH receptions, and the SS/PBCH block associated with the initial PUSCH transmission are quasi co-located with respect to average gain and quasi co-location 'typeA' or 'typeD' properties.
After confirming that RACH-less HO is successfully completed, an ACK feedback may be needed on PUCCH transmission to confirm the PDSCH is successfully decoded which is similar to ACK feedback to Msg4 in 4-step RACH. The UE should transmit such PUCCH with HARQ-ACK information associated with the PDSCH receptions using a same spatial domain transmission filter as for the last PUSCH transmission in RACH less handover.
Proposal 5:
· UE should transmit PUCCH with HARQ-ACK information associated with the PDSCH reception (to confirm the RACH less HO complete) using a same spatial domain transmission filter as for the last PUSCH transmission in RACH less handover.
2.3	Power control of RACH less PUSCH transmission
As discussed in section 2.1, SSBs can be associated to the initial PUSCH transmission for both CG PUSCH and DG PUSCH in RACH less handover. For pre-allocated initial PUSCH transmission, an SSB would be determined before the CG PUSCH resource is determined. And the pathloss reference signal for the PUSCH transmission can be determined as the selected SSB for CG PUSCH resource determination. For DG based initial PUSCH transmission, the SSB can be derived by the PDCCH beam discussed in previous section. 
[bookmark: _Hlk134782310]Therefore, for power control of the initial PUSCH transmission, the pathloss reference can be the SSB associated to the initial PUSCH transmission.
Proposal 6:
· For power control of the initial PUSCH transmission, the pathloss reference is the SSB associated to the initial PUSCH transmission.
[bookmark: _Hlk134782668]Regarding the initial nominal power of PUSCH transmission, it can be configured in RRC in the same way as legacy. However, when it’s not configured, it can be determined as the initial target received power of PRACH in target cell since the initial target received power of PRACH can be read by UE in SIB1 of target cell although PRACH is not transmitted by this UE.
Proposal 7:
· [bookmark: _GoBack]For power control of the initial PUSCH transmission, nominal power of PUSCH transmission is determined as initial target received power of PRACH in target cell when the nominal power is not configured.
2.4	Draft reply
According to discussions in previous sections, we propose to further have a draft reply to RAN2 on supporting RACH less handover, according to Table 1.
Table 1. draft reply LS to RAN2 on RACH-less Handover
	RAN1 would thank to RAN2 for the LS on RACH less handover. RAN1 has further discussed the potential RAN1 spec. impacts of supporting RACH less handover and all the questions asked from RAN2. Following are the agreements made from the discussions:
· For RACH less handover, introduce SSB to CG PUSCH resource mapping for CG PUSCH and indicate the SSB associated to the DG PUSCH in the DCI scheduling the PUSCH.
· For RACH less handover, reuse SSB to CG PUSCH resource mapping in SDT as much as possible and indicate a subset of SSBs in handover command for SSB to CG PUSCH resource mapping.
· For the first PDCCH transmission in target cell to schedule initial DG PUSCH, the corresponding TCI state can be indicated in handover command in the RACH less procedure.
· For PDCCH and PDSCH receptions to confirm that RACH-less HO is successfully completed, the UE may assume that the DM-RS antenna port associated with the PDCCH receptions, the DM-RS antenna port associated with the PDSCH receptions, and the SS/PBCH block associated with the initial PUSCH transmission are quasi co-located with respect to average gain and quasi co-location 'typeA' or 'typeD' properties.
· The UE should transmit PUCCH with HARQ-ACK information associated with the PDSCH reception (to confirm the RACH less HO complete) using a same spatial domain transmission filter as for the last PUSCH transmission in RACH less handover.
· For power control of the initial PUSCH transmission, the pathloss reference is the SSB associated to the initial PUSCH transmission.
· For power control of the initial PUSCH transmission, nominal power of PUSCH transmission is determined as initial target received power of PRACH in target cell when the nominal power is not configured.
ACTION to RAN2:
RAN1 kindly requests RAN2 to take into account the above information in future work on RACH less handover.


Proposal 8:
· RAN1 sends an LS reply to RAN2 based on the draft reply provided in Table 1.
3. Conclusion
In this contribution, we further discuss the RAN2 LS on RACH-less Handover. According to the discussions, we have following proposals: 
Proposals 1 to 8:
· For RACH less handover, introduce SSB to CG PUSCH resource mapping for CG PUSCH and indicate the SSB associated to the DG PUSCH in the DCI scheduling the PUSCH.
· For RACH less handover, reuse SSB to CG PUSCH resource mapping in SDT as much as possible and indicate a subset of SSBs in handover command for SSB to CG PUSCH resource mapping.
· For the first PDCCH transmission in target cell to schedule initial DG PUSCH, the corresponding TCI state can be indicated in handover command in the RACH less procedure.
· For PDCCH and PDSCH receptions to confirm that RACH-less HO is successfully completed, the UE may assume that the DM-RS antenna port associated with the PDCCH receptions, the DM-RS antenna port associated with the PDSCH receptions, and the SS/PBCH block associated with the initial PUSCH transmission are quasi co-located with respect to average gain and quasi co-location 'typeA' or 'typeD' properties.
· UE should transmit PUCCH with HARQ-ACK information associated with the PDSCH reception (to confirm the RACH less HO complete) using a same spatial domain transmission filter as for the last PUSCH transmission in RACH less handover.
· For power control of the initial PUSCH transmission, the pathloss reference is the SSB associated to the initial PUSCH transmission.
· For power control of the initial PUSCH transmission, nominal power of PUSCH transmission is determined as initial target received power of PRACH in target cell when the nominal power is not configured.
· RAN1 sends an LS reply to RAN2 based on the draft reply provided in Table 1.
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