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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this paper, we discuss the remaining issues on unchanged PCI and RACH-less, including
1) Unchanged PCI
· Provision of ephemeris of incoming satellite
· “FFS on timeAlignmentTimer handling”
· “FFS whether we need to support scenarios that require the introduction of t-gap or t-start”
· Support of RACH-less
· Support for soft switch
2) RACH-less
· Beam selection
· Confirmation of HO completion
· “FFS on when timerAlignmentTimer associated with this TAG starts”
Below are the agreements in RAN2 #123 on unchanged PCI and RACH-less [1]:
	Agreements for unchanged PCI:
1. An explicit indication will be introduced to enable the unchanged PCI switch
2. The unchanged PCI mechanism can be applied to the case where the coverage gap is zero or negligible (where there is no need to introduce t-gap or t-start). FFS whether we need to support scenarios that require the introduction of t-gap or t-start
3. PCI unchanged procedure can be performed without performing RACH
4. In the unchanged PCI case, the UE considers UL synchronization timer expired at t-Service (current cell stop time) to stop any UL operation. FFS on timeAlignmentTimer handling.
5. In the unchanged PCI case, for RACH-based solution, the UE may trigger RACH immediately after DL synchronizing with the new satellite
6. The UE specific Koffset, if configured, is not used after t-Service and the UE uses the cell specifc Koffset until the UE receives new differential Koffset MAC CE.

Agreements for RACH-less:
1. Single beam can be indicated in HO command to monitor target cell PDCCH for dynamic grant for initial UL transmission
2. The pre-allocated grant is provided with association to SSBs
3. The mapping between type-1 CG and SSBs in CG-SDT can be the baseline of how to configure pre-allocated grant mapped to SSBs (can rediscuss in case of different input from RAN1)
4. UE selects an SSB associated to the pre-allocated grant with RSRP above a configured threshold, use the selected SSB and the corresponding UL grant occasions for the initial UL transmission
5. ta-Report can be included in ServingCellConfigCommon in the RACH-less HO command
6. RAN2 understands that if pre-allocated grant is not configured and dynamic grant is used for first UL transmission, if UL HARQ mode is configured, HARQ mode A is recommended for the HARQ process (this is anyway up to NW implementation and there is no Stage2 and Stage3 spec impact)
7. The MAC entity applies the N_TA (value 0 or same as source cell) configured in the RACH-less HO command for the PTAG. FFS on when timerAlignmentTimer associated with this TAG starts
8. If no SSB mapping to pre-allocated grant has RSRP above the threshold, fallback to RACH HO (with new SSB selection), while T304 is running



2. Discussion
2.1 [bookmark: _Ref131674149]Unchanged PCI
Indication of ephemeris information of next satellite
In RAN2#121bis-e meeting, RAN2 sent an LS to RAN1 for confirmation of the feasibility of unchanged PCI in hard satellite switching and soft satellite switching scenarios [2]. RAN1 reply on hard switch was received in [3] with the following answer:
	Question 1: For hard satellite switching without PCI change, if RAN1 identifies any major technical issues?
Reply: 
RAN1 discussed the resynchronization of UE when hard switching, given that new common TA, K_mac, ephemeris and cell-specific K-offset are applied during resynchronization to new satellite.
From RAN1 perspective, no feasibility issue is identified for hard satellite switching without PCI change.


From RAN1 response, the assistance information of incoming satellite (new common TA, K_mac, ephemeris and cell-specific K-offset) is needed for resynchronization with new satellite. Therefore, RAN2 needs to discuss how to provide this information.
For normal HO case, the target cell NTN-config either comes from source cell SIB19 or from HO command. In unchanged PCI case, there is no HO command so the information cannot be provided in the NTN-Config of ServingCellConfigCommon as in normal HO. The straightforward way is to refer to SIB19 for target satellite information.
Currently, the SIB19 contains assistance information for multiple neighbour satellites, and the satellite assistance information for the upcoming satellite in unchanged PCI scenario should also be added to SIB19, so that UE can refrain from performing neighbour cell measurements towards that satellite before t-Service and then use this satellite assistance information for re-synchronization upon t-Service.
The TP is as follows:
SIB19-r17 ::= SEQUENCE {
    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R
    t-Service-r17                            INTEGER (0..549755813887)                       OPTIONAL,       -- Need R
    referenceLocation-r17                    ReferenceLocation-r17                           OPTIONAL,       -- Need R
    distanceThresh-r17                       INTEGER(0..65525)                               OPTIONAL,       -- Need R
    ntn-NeighCellConfigList-r17              NTN-NeighCellConfigList-r17                     OPTIONAL,       -- Need R
    lateNonCriticalExtension                 OCTET STRING                                    OPTIONAL,
    ...,
    [[
    ntn-NeighCellConfigListExt-v1720         NTN-NeighCellConfigList-r17                     OPTIONAL        -- Need R
    ]],
    nextSatelliteWithSamePCI-r18      		NTN-Config-r17            OPTIONAL        -- Need R
}

NTN-NeighCellConfigList-r17 ::=          SEQUENCE (SIZE(1..maxCellNTN-r17))  OF NTN-NeighCellConfig-r17

NTN-NeighCellConfig-r17 ::=              SEQUENCE {
    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R
    carrierFreq-r17                          ARFCN-ValueNR                                   OPTIONAL,       -- Need R
    physCellId-r17                           PhysCellId                                      OPTIONAL        -- Need R
}

[bookmark: _GoBack]Proposal 1: Serving cell broadcasts the target satellite NTN-config to be used by the UE at t-Service.
Handling of validity timer and TAT
In the previous meeting, we discussed the handling of UL synchronization timer (validity timer) T430 and agreed that T430 expires at t-Service, and FFS on the handling of TAT.
Agreements:
1. In the unchanged PCI case, the UE considers UL synchronization timer expired at t-Service (current cell stop time) to stop any UL operation. FFS on timeAlignmentTimer handling.
If the gap is assumed to be zero or negligible (as we agreed in the previous meeting), the T430 should be restarted at t-Service, as UE can already obtain the satellite assistance information of the target cell before t-Service, and this information only comes into use since t-Service. In the legacy (R17 NR NTN) HO cases, upon receiving HO command, UE stops source cell T430 and starts target cell T430; in unchanged PCI, HO command is saved, and t-Service serves as a good reference time for such behaviour.
As for the handling of TAT, this timer (per TAG) controls how long the MAC entity considers the Serving Cells belonging to the associated TAG to be uplink time aligned, which generally starts when UE receive TA value from NW. 
In unchanged PCI scenario assuming no coverage gap, the handling of TAT should consider two cases:
1) Unchanged PCI with RACH:
In this case, the TAT should be stopped at t-Service, and then started when receiving the TA command in RAR during RACH procedure, as in legacy.
2) Unchanged PCI without performing RACH
In this case, the TAT can be restarted at t-Service.
In both scenarios (with or without RACH), the value of TAT inherits the configuration from source cell (like other configuration)
Proposal 2: The validity timer is restarted at t-Service.
The timeAlignmentTimer is stopped at t-Service, and then started upon receiving the TA command in RAR if random access is performed; the timeAlignmentTimer is restarted at t-Service if random access is not performed.
Necessity of t-Gap or t-Start
In the last meeting, an agreement is achieved that the unchanged PCI mechanism can be applied to the case where the coverage gap is zero or negligible, where there is no need to introduce t-gap or t-start. Whether it needs to support scenarios that require the introduction of t-gap or t-start is left for further discussion. 
In our understanding, there is no need to introduce t-gap or t-start. Firstly, the WID scope of NR NTN does not cover the scenario of discontinuous coverage. Even though some companies think that the gap in this case could be relatively “small” compared with discontinuous coverage, it is difficult to define the exact value range of this “non-negligible while allowing UE to stay in RRC_CONNECTED” gap, and UE behaviours need to be further discussed and specified. Secondly, if coverage gap cannot be neglected, UE should handover to any other cells to get service, rather than keep the former configuration and wait to access to the next coming satellite. Finally, the feasibility analysis of unchanged PCI switch performed by RAN1 is based on the assumption of seamless coverage, the gap was never mentioned to or discussed in RAN1, introducing the gap may incur another round of discussion on the feasibility issue. 
Proposal 3: In this release, RAN2 does not introduce t-gap or t-start for unchanged PCI. 
Support of RACH-less
RAN2 already agreed that unchanged PCI mechanism can be performed without performing RACH. However, it is unclear from the UE perspective whether random access needs to be performed.
Proposal 4: RAN2 discuss how to notify UE whether random access needs to be performed upon satellite switching with unchanged PCI.
Support of soft satellite switching
For soft switch, the feasibility is also confirmed by RAN1, under certain conditions [4]:
	Question 2: If it is feasible to support soft satellite switching without PCI change?
Reply:
Under the following conditions: 
· UE is not required to connect to two satellites simultaneously during soft satellite switching. 
· Interference avoidance/mitigation between two satellites may potentially be done by gNB implementation at least to ensure non-colliding SSB with same PCI at UE side. 
· UE is provided with the information on new common TA, K_mac, ephemeris and cell-specific K-offset are applied during resynchronization to new satellite.
· UE may be provided with the information if needed to detect the SSB of the new satellite for soft satellite switching.
· The same UE behavior may be applied for soft satellite switching and hard satellite switching.

RAN1 concludes it is feasible for soft satellite switching without PCI change. 


As indicated by RAN1, one major premise is “UE is not required to connect to two satellites simultaneously during soft satellite switching”. In our understanding, this “soft switching” can also be viewed as a perfect “hard switching” case from UE perspective. Note that, in R17 we have no definition for “soft switching” and “hard switching” for the service link, we only defined soft/hard feeder link switch. In R18 when discussing the unchanged PCI mechanism, the only definition made is in the RAN2 LS to RAN1 [2] that hard satellite switching refers to “non-overlapping satellite coverage at switching time” and soft satellite switching refers to “overlapping satellite coverage at switching time”. The overlapping coverage is a matter of deployment, and from UE perspective, the UE only connects to one satellite at a time, and by RAN1 description, the soft satellite switching indicates the scenario where the next satellite comes in a bit earlier, making itself well prepared for taking over the transmission, and guarantees a seamless switch from UE point of view. In this sense, the UE does not even need to differentiate between the “soft switching” and “hard switching with no gap”.
From UE perspective, the only behaviour required is to start DL/UL synchronization procedure with the new satellite at t-Service. This brings the minimum spec impact and the simplest UE behaviour. Therefore, we prefer to use a single mechanism for hard switch and soft switch, because they only differ in deployment and gNB implementation. Further enhancement to differentiate the two scenarios can be left to R19.
Proposal 5: Under the condition that soft satellite switch assumes “UE is not required to connect to two satellites simultaneously during soft satellite switching”, use an unified solution for both “hard satellite switching without gap” and “soft satellite switching” and consistent UE behaviour. Any further enhancement to differentiate the two scenarios will be left to R19.
2.2 RACH-less
Beam selection
The current status of beam selection in NTN/LTM RACH-less is summarized as follows:
	
	CG
	DG

	NTN
	CG is provided with association to SSB;
UE selects an SSB above threshold, and uses the corresponding CG occasion
	Single beam indicated in HO command

	LTM
	Beam selection by source cell (based on L1 measurements on target cell);
Source cell indicates selected beam to UE via LTM Cell Switch Command MAC CE;
UE uses a CG occasion associated with the indicated beam
	Beam selection by source cell (based on L1 measurements on target cell);
Source cell indicates selected beam to UE via LTM Cell Switch Command MAC CE; 
Source DU indicates the selected beam to target DU


The NTN agreement on DG largely comes from the RAN1 reply LS [6]:
		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)?


RAN1 response: 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. 


In RAN1 #114, RAN1 further discussed the case of indicating “multiple beams” and sent another LS to RAN2 [7]:
		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)?


RAN1 response: To monitor target cell PDCCH for dynamic grant for initial UL transmission, RAN1 thinks that there is no case where multiple beams are indicated for RACH-less handover. In this case, UE doesn’t expect that multiple beams are indicated from NW. 


Based on RAN1 reply, for dynamic grant, only single beam is indicated in the HO command. Even in multi-beam scenario, if the gNB is not aware of the optimal beam, it should not enable the RACH-less feature with dynamic grant monitoring. Both cases of “not indicating any beam” or “indicating multiple beams” should not happen in RACH-less DG.
Proposal 6: To monitor target cell PDCCH for dynamic grant for initial UL transmission, RAN2 will not consider the cases where “no beam is indicated in the HO command” or “multiple beams are indicated in the HO command”.
We noticed that unlike LTM (in which beam is selected by source cell regardless of CG or DC cases), NTN has arrived at different solutions for CG and DG: for CG, beam is selected by UE, while for DG the beam is selected by the target cell. This discrepancy is due to the fact that NTN did not introduce a MAC CE which can indicate the selected beam to UE. Another difference is that, for CG, we introduced an SSB threshold for beam selection in CG and allowed the UE to fall back to RACH-based HO if no beam above the threshold is found, while this mechanism was not introduced for DG:
Agreements:
1. UE selects an SSB associated to the pre-allocated grant with RSRP above a configured threshold, use the selected SSB and the corresponding UL grant occasions for the initial UL transmission
1. If no SSB mapping to pre-allocated grant has RSRP above the threshold, fallback to RACH HO (with new SSB selection), while T304 is running
Allowing the UE to fall back to RACH has the following advantages: 1) UE can perform power ramping during random access procedure; 2) according to the RRC running CR, only a subset of SSBs are configured with association to CG PUSCH, while in RACH-based procedure all SSBs can be considered. In this sense, providing the SSB threshold and allow the fallback mechanism can guarantee reliable transmission. Even the beam is indicated in DG scenario, considering the large RTT in NTN and the possible UE movement, it is likely that the beam quality may change during the RACH-less procedure, and providing the SSB threshold for DG is also beneficial.
Proposal 7: To monitor target cell PDCCH for dynamic grant for initial UL transmission, SSB threshold is provided, UE uses the beam indicated in the HO command if its quality is above the SSB threshold, otherwise fall back to RACH-based HO (as in CG).
When the beam indicated in HO command has RSRP below the threshold, an alternative would be that UE sends a scheduling request instead of RACH. The NW sends scheduling request configuration to the UE (generated by the target cell and included in the HO command), where SR resources are in a one-to-one correspondence with SSBs. UE selects an appropriate SSB beam based on the quality of beam, then the UE sends a scheduling request associated with the selected SSB to the target cell. The target cell can determine the SSB selected by the UE by the association between the SSB and the SR, and use the corresponding beam for transmitting dynamic grant to the UE. UE can release SR configuration after handover.
Proposal 8: UE can send SR instead of RACH when the beam indicated in HO command has RSRP below the threshold.
The two ways of assigning UL grant, i.e., via pre-allocation or via PDCCH monitoring, both have pros and cons. If the target gNB pre-allocates the UL grant in each beam, it will waste more UL resources; if the target cell allocates UL grant by PDCCH, the handover delay maybe longer than pre-allocated resource method. RACH-based also has its own demerits, e.g., RACH collision, longer access delay etc.
Hence we think RAN2 can consider a hybrid configuration, e.g., some beams are associated with pre-allocated grants and other beams are used for monitoring dynamic grants. 
Proposal 9: RAN2 considers a hybrid configuration of UL resource allocation.
Confirmation of RACH-less completion
In RAN2# 122 meeting, RAN2 has agreed reuse LTE solution for RACH-less HO completion confirmation for both pre-allocated grant and dynamic grant, and FFS any enhancement to the confirmation of RACH-less HO completion, e.g. the NW does not send the UE Contention Resolution Identity MAC CE, and sends PDCCH/PDSCH addressed to C-RNTI.
	Agreement:
1. LTE approach (of confirming the HO completion) is reused for both pre-allocated grant and dynamic grant. FFS any enhancement to the confirmation of RACH-less HO completion, e.g. the NW does not send the UE Contention Resolution Identity MAC CE, and sends PDCCH/PDSCH addressed to C-RNTI


In RAN2# 123 meeting, LTM also discussed this issue and arrived at the following agreement:
	· RAN2 assumes For RACH-less LTM, the UE determines successful reception of its first UL data based on receiving a PDCCH addressing the UE’s C-RNTI in the target cell scheduling a new transmission after the first UL data, (FFS if specified contents should be transmitted with this transmission, e.g. as LTE MAC CE).


The intention of such enhancement is to save the signalling overhead of the MAC CE and directly schedules DL data for the UE. If the UE receives PDCCH addressed to the C-RNTI scheduling PDSCH, the UE can know the HO is successfully completed, and there is no ambiguity. However, there are also cases where the PDCCH is used to schedule PUSCH for MSG5 (re)transmission, and under this circumstance the UE cannot declare completion of the HO. For instance, after initial UL transmission (while the NW failed to received it), the NW continues to send PDCCH addressed to C-RNTI for scheduling a new transmission of the initial UL transmission (msg5).
The issue (ambiguity of RACH-less HO confirmation due to msg5 retransmission) was also acknowledged by some companies during the offline, and one proposal was to confine the enhancement to DL assignment:
UE confirms RACH-less HO completion if PDCCH addressed to C-RNTI scheduling a downlink assignment is received after the initial UL transmission
However, if there is no immediate DL data, the NW still needs to use the MAC CE to confirm the HO completion. Another way to solve this issue is that the network uses separate HARQ process IDs for CG and DG. For instance, the target cell knows the UE may use HARQ process ID #1 for the current time being, so the network uses HARQ process ID #2 for dynamic grant if it wants to directly schedule the UE. The UE only considers the RACH-less cell switch successfully completed when a PDCCH addressed to C-RNTI indicating uplink grant for a new transmission is received for the HARQ process used for the transmission of the first UL data.
The UE considers the RACH-less cell switch successfully completed when: a PDCCH addressed to C-RNTI indicating UL grant for a new transmission is received for the same HARQ process used for the transmission of the first UL data
Regardless of the solution to fix the issue, additional UE complexity is foreseen. Since in NTN we already agreed to adopted the LTE mechanism, we think the further enhancement is not necessary.
Proposal 10: No need to introduce any enhancement to the confirmation of RACH-less HO completion.
Start of TAT
The start of TAT during RACH-less was left FFS in the previous meeting [1]:
	Proposal 6 (19/21):  The MAC entity applies the N_TA (value 0 or same as source cell) configured in the RACH-less HO command for the PTAG, and starts the timerAlignmentTimer associated with this TAG.
· QC thinks this the current procedure for LTE and the timer needs to start before performing UL tx
· Ericsson thinks TAT should be long enough no to be limiting factor to perform HO
· Agreed as: “The MAC entity applies the N_TA (value 0 or same as source cell) configured in the RACH-less HO command for the PTAG. FFS on when timerAlignmentTimer associated with this TAG starts.”


We think the original Proposal 6 is ok. The concern raised during the meeting is that TAT should be long enough to avoid TAT expiry during the RACH-less procedure. In our understanding, this can be guaranteed by NW implementation as the current value range of TAT is wide and even allows infinity: 
TimeAlignmentTimer ::=              ENUMERATED {ms500, ms750, ms1280, ms1920, ms2560, ms5120, ms10240, infinity}
Also, we think the previous agreement is a bit ambiguous because it mentioned “PTAG”. CA/DC is not supported so there is no STAG, we don’t need to mention “TAG” in the agreement.
Proposal 11: The timeAlignmentTimer is started after the MAC entity applies the N_TA (value 0 or same as source cell).
3. [bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]Conclusion
[bookmark: _Toc423020280]In this paper, we discuss remaining issues on HO enhancements, and provide the following proposals:
Proposal 1: Serving cell broadcasts the target satellite NTN-config to be used by the UE at t-Service.
Proposal 2: The validity timer is restarted at t-Service.
The timeAlignmentTimer is stopped at t-Service, and then started upon receiving the TA command in RAR if random access is performed; the timeAlignmentTimer is restarted at t-Service if random access is not performed.
Proposal 3: In this release, RAN2 does not introduce t-gap or t-start for unchanged PCI. 
Proposal 4: RAN2 discuss how to notify UE whether random access needs to be performed upon satellite switching with unchanged PCI.
Proposal 5: Under the condition that soft satellite switch assumes “UE is not required to connect to two satellites simultaneously during soft satellite switching”, use an unified solution for both “hard satellite switching without gap” and “soft satellite switching” and consistent UE behaviour. Any further enhancement to differentiate the two scenarios will be left to R19.
Proposal 6: To monitor target cell PDCCH for dynamic grant for initial UL transmission, RAN2 will not consider the cases where “no beam is indicated in the HO command” or “multiple beams are indicated in the HO command”.
Proposal 7: To monitor target cell PDCCH for dynamic grant for initial UL transmission, SSB threshold is provided, UE uses the beam indicated in the HO command if its quality is above the SSB threshold, otherwise fall back to RACH-based HO (as in CG).
Proposal 8: UE can send SR instead of RACH when the beam indicated in HO command has RSRP below the threshold.
Proposal 9: RAN2 considers a hybrid configuration of UL resource allocation.
Proposal 10: No need to introduce any enhancement to the confirmation of RACH-less HO completion.
Proposal 11: The timeAlignmentTimer is started after the MAC entity applies the N_TA (value 0 or same as source cell)
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