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1 Introduction
[bookmark: _Hlk61519723]In RAN2#121b-e [1], RAN2#122 [2] and RAN2#123 [3], RAN2 made below agreements on RACH-less HO:
RAN2#121b-e:
RACH-less for mIAB scenario, if agreed in the end, will cover only the case of same-TA. 
RAN2 discuss further the following options to support beam operation for the first UL transmission/DL reception towards the target logical DU in RACH-less HO during DU migration:
Option 1: (Explicit approach) Explicit beam information is included in HO command. FFS the details. 
Option 2: (Implicit approach) UE re-uses the same beam status as in the source cell (the beam information is not carried explicitly in HO command).
RACH-less HO with same TA with security key change is in scope for served UEs during mIAB DU migration. FFS UL grant and HO completion procedure in mIAB RACH-less HO.
RAN2#122:
RAN2 think that to have a fast handover from UE point of view for legacy UEs it is important that the target cell is known to the UE (detected and measured).
For RACH-less, if supported, there would need to be a beam indication (in RRC HO command), which seems feasible in this release from R2 perspective. R2 assumes that the network can know/select the beam, either from network impl specific knowledge or from UE measurement report (legacy report).
for the UL grant and HO completion in RACH-less HO:
1. Both type-1 configured grant and dynamic grant are supported
2. FFS handling of supervision timer and when HO is considered successfully complete (expect to align with other WI). 

RAN2#123:
RACH-less HO to be supported for UEs connected to a mIAB node (intended case: DU migration)
RACH-less HO for mIAB is expected to reuse most parts from other WI, such as NTN. 
R2 assumes that RACH-less HO for mIAB can largely adopt the steps of the agreed NTN RACH-less HO procedure:
1. Receive a RACH-less HO command which can include pre-allocated grant optionally
2. Start time T304 for the target cell (RRC)
3. Perform DL and UL synchronization.
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 configuration.
8. Stop timer T304 for the target cell (RRC).
Thus, reuse of NR NTN RACH-less handover is assumed. Please note that NTN has endorsed RRC running CR in [4] and MAC running CR in [5]. 
In this contribution, we share our view on below issues:
· Specification changes on top of NTN running CRs
· Remaining issues on RACH-less HO
· Remaining issues on CHO enhancement
· Remaining issues on UE capability 
2 Discussion  
2.1 Specification changes on top of NTN running CRs
After reviewing NTN endorsed RRC running CR in [4] and MAC running CR in [5], we think most of part can be reused, and only minor changes are required. The specific changes are provided in followed two sub-sections. 
2.1.1 RRC specification changes on top of R2-2309341
[bookmark: _Ref54102585][bookmark: _Ref54102582]We think only changes on RACH-less configuration in ReconfigurationWithSync are needed. The corresponding part in [4] is coped below for reference:
RACH-LessHO-r18 ::=             SEQUENCE {
    ntn-Rach-LessHO-r18                SEQUENCE {
[bookmark: OLE_LINK22]        targetNTA-r18                      ENUMERATED {zero, source},
[bookmark: OLE_LINK14]        ulGrantInfo-r18                    SEQUENCE {
[bookmark: OLE_LINK6]            ulGrantConfig-r18                  ConfiguredGrantConfig,
            ntn-RSRP-ThresholdSSB-r18          RSRP-Range,
            ntn-SSB-PerCG-PUSCH-r17            ENUMERATED {oneEighth, oneFourth, half, one, two, four, eight, sixteen},
            ntn-SSB-Subset-r18                 CHOICE {
              shortBitmap-r18                      BIT STRING (SIZE (4)),
              mediumBitmap-r18                     BIT STRING (SIZE (8)),
              longBitmap-r18                       BIT STRING (SIZE (64))
            },
            ntn-DMRS-Ports-r17                 CHOICE {
              dmrsType1-r17                        BIT STRING (SIZE (8)),
              dmrsType2-r17                        BIT STRING (SIZE (12))
            },
            ntn-NrofDMRS-Sequences-r17         INTEGER (1..2)
        }                                                                                   OPTIONAL    -- Need R
    }                                                                                       OPTIONAL,   -- Need R
    ...
	RACH-LessHO field descriptions

	targetNTA
This field refers to the timing adjustment, see TS 38.213 [13] and TS 38.321 [3], indicating the NTA value which the UE shall use for the target PTAG of handover.

	ulGrantConfig
A Configured-Grant of type1 for the target cell. 

	ntn-DMRS-Ports
Indicates the set of DMRS ports for SSB to PUSCH mapping (see TS 38.213 [13]). The first (left-most / most significant) bit corresponds to DMRS port 0, the second most significant bit corresponds to DMRS port 1, and so on. A bit set to 1 indicates that this DMRS port is used for mapping.

	ntn-NrofDMRS-Sequences
Indicates the number of DMRS sequences for SSB to PUSCH mapping (see TS 38.213 [13]).

	ntn-SSB-PerCG-PUSCH
The number of SSBs per pre-allocated uplink grant PUSCH (see TS 38.213 [13]). Value one corresponds to 1 SSBs per pre-allocated uplink grant PUSCH, value two corresponds to 2 SSBs per pre-allocated uplink grant PUSCH and so on.

	ntn-RSRP-ThresholdSSB
An RSRP threshold configured for SSB selection for the pre-allocated uplink grant as specified in TS 38.321 [3].



We think there are two changes are needed:
1) Because different RACH-less configurations (e.g. beam information, SSB threshold) may be used between mobile IAB and NTN, we think a separate miab-Rach-LessHO-r18 can be introduced. 
2) The IE to indicate TA of target cell (i.e. targetNTA-r18 for NTN) is not needed because RAN2#121b [1] has agreed only same TA case is supported for mIAB.                  
RACH-less for mIAB scenario, if agreed in the end, will cover only the case of same-TA. 
An example of ASN.1 changes can be found below:
 RACH-LessHO-r18 ::=             SEQUENCE {
    ntn-Rach-LessHO-r18                SEQUENCE {
        targetNTA-r18                      ENUMERATED {zero, source},
        ulGrantInfo-r18                    SEQUENCE {
            ulGrantConfig-r18                  ConfiguredGrantConfig,
            ntn-RSRP-ThresholdSSB-r18          RSRP-Range,
            ntn-SSB-PerCG-PUSCH-r17            ENUMERATED {oneEighth, oneFourth, half, one, two, four, eight, sixteen},
            ntn-SSB-Subset-r18                 CHOICE {
              shortBitmap-r18                      BIT STRING (SIZE (4)),
              mediumBitmap-r18                     BIT STRING (SIZE (8)),
              longBitmap-r18                       BIT STRING (SIZE (64))
            },
            ntn-DMRS-Ports-r17                 CHOICE {
              dmrsType1-r17                        BIT STRING (SIZE (8)),
              dmrsType2-r17                        BIT STRING (SIZE (12))
            },
            ntn-NrofDMRS-Sequences-r17         INTEGER (1..2)
        }                                                                                   OPTIONAL    -- Need R
    }                                                                                       OPTIONAL,   -- Need R
    miab-Rach-LessHO-r18                SEQUENCE {
        ulGrantInfo-r18                    SEQUENCE {
            ulGrantConfig-r18                  ConfiguredGrantConfig,
            miab-RSRP-ThresholdSSB-r18          RSRP-Range,
            miab-SSB-PerCG-PUSCH-r17            ENUMERATED {oneEighth, oneFourth, half, one, two, four, eight, sixteen},
            miab-SSB-Subset-r18                 CHOICE {
              shortBitmap-r18                      BIT STRING (SIZE (4)),
              mediumBitmap-r18                     BIT STRING (SIZE (8)),
              longBitmap-r18                       BIT STRING (SIZE (64))
            },
            miab-DMRS-Ports-r17                 CHOICE {
              dmrsType1-r17                        BIT STRING (SIZE (8)),
              dmrsType2-r17                        BIT STRING (SIZE (12))
            },
            miab-NrofDMRS-Sequences-r17         INTEGER (1..2)
        }                                                                                   OPTIONAL    -- Need R
    }                                                                                       OPTIONAL,   -- Need R
    ...

Proposal 1: On top of NTN RRC running CR (R2-2309341), only the following two changes are needed:
1) Because different RACH-less configurations (e.g. beam information, SSB threshold) may be used between mobile IAB and NTN, introduce a separate miab-Rach-LessHO-r18. 
2) The IE to indicate TA of target cell (i.e. targetNTA-r18 for NTN) is not needed because it was agreed only same TA case is supported for mobile IAB.                  
2.1.2 MAC specification changes on top of R2-2309345
We think the first change is in Section 5.2 on TA handling, the related part in [5] is copied below: 
1>	when an Absolute Timing Advance Command is received in response to a MSGA transmission including C-RNTI MAC CE as specified in clause 5.1.4a:
2>	apply the Timing Advance Command for PTAG;
2>	if there is ongoing Positioning SRS Transmission in RRC_INACTIVE as in clause 5.26:
3>	start or restart the inactivePosSRS-TimeAlignmentTimer associated with the indicated TAG.
2>	if CG-SDT procedure is ongoing:
3>	start or restart the cg-SDT-TimeAlignmentTimer associated with PTAG.
2>	else:
3>	start or restart the timeAlignmentTimer associated with PTAG.
1>	when the MAC entity is configured with rach-LessHO:
2>	set the NTA value (as defined in TS 38.211 [8]) to the value indicated by targetNTA in rach-LessHO for PTAG;
Editor’s note: when timeAlignmentTimer starts is currently FFS.
We think the required specification changes include:
· According to our Proposal 1, the IE targetNTA-r18 is not needed because only same TA is supported in mobile IAB. Thus, the required change is to specify mobile IAB UE(s) shall use TA of source cell for the target PTAG of handover. 
· The FFS when timeAlignmentTimer starts was added because the TA value of NTN may be too large to be covered by timeAlignmentTimer. Thus, it is a NTN specific FFS, and thereby not applied to mobile IAB RACH-less HO.
An example of the spec change can be found below:
1>	when the MAC entity is configured with rach-LessHO ntn-Rach-LessHO:
2>	set the NTA value (as defined in TS 38.211 [8]) to the value indicated by targetNTA in rach-LessHO ntn-Rach-LessHO for PTAG;
Editor’s note: when timeAlignmentTimer starts is currently FFS.
1>	when the MAC entity is configured with miab-Rach-LessHO:
2>	apply timing advance value of source cell for the pTAG;

Proposal 2: On top of NTN MAC running CR (R2-2309345), the following changes in section 5.2 are needed:
1) Because the IE targetNTA-r18 is not needed in mobile IAB, add specification that mobile IAB UE(s) shall use TA of source cell for the target PTAG of handover. 
2) The FFS when timeAlignmentTimer starts is a NTN specific one, and thereby not applied to mobile IAB RACH-less HO.
Then, in Section 5.8.2 and Section 5.XX, the UE behavior to handle CG Type 1 in preallocated uplink grant needs some change because the NW may configure a different SSB RSRP threshold according to our Proposal 1, i.e. ntn-RSRP-ThresholdSSB -> miab-RSRP-ThresholdSSB. An example of the spec change in Section 5.8.2 can be found below:
For a preallocated uplink grant configured for configured grant Type 1, for each configured uplink grant valid according to TS 38.214 [7] for which the above formula is satisfied, the MAC entity shall:
1> if at least one SSB configured for preallocated uplink grant with SS-RSRP above ntn-RSRP-ThresholdSSB miab-RSRP-ThresholdSSB is available:
2> select an SSB with SS-RSRP above ntn-RSRP-ThresholdSSB miab-RSRP-ThresholdSSB amongst the SSB(s) associated with the preallocated uplink grant;
2>	indicate the selected SSB index to the lower layer;
2>	consider this preallocated uplink grant as valid.
1>	else:
2>	consider this preallocated uplink grant as not valid;
2>	initiate Random Access procedure in clause 5.1.
Editor’s note: Editor: to be clarified by RAN2 if preallocated uplink grant can be configured without ntn-RSRP-ThresholdSSB miab-RSRP-ThresholdSSB.
Proposal 3: On top of NTN MAC running CR (R2-2309345), the following change in section 5.8.6 and section 5.xx is needed: 
· Add mobile IAB UE behavior of handling CG Type 1 in preallocated uplink grant, where the behavior of NTN UE can be reused with change ntn-RSRP-ThresholdSSB -> miab-RSRP-ThresholdSSB.
2.2 Remaining issues on RACH-less HO
In this section, we address all the FFS(s).
FFS#1 Indication of target cell beam in HO command
The background is that RAN2#121b-e identified two options [1]: 
RAN2 discuss further the following options to support beam operation for the first UL transmission/DL reception towards the target logical DU in RACH-less HO during DU migration:
Option 1: (Explicit approach) Explicit beam information is included in HO command. FFS the details. 
Option 2: (Implicit approach) UE re-uses the same beam status as in the source cell (the beam information is not carried explicitly in HO command).

Option 1 is the solution that NTN RACH-less HO specified. In our opinion, there is no need to support two different approaches for target cell beam indication. Thus, we propose to confirm no need to support option 2 (implicit approach).
Proposal 4: In mobile IAB RACH-less HO, the target cell beam information is explicitly included in HO command and the correspondingly NTN RACH-less HO configuration can be reused. No need to support implicit approach (i.e. UE re-uses the same beam status as in the source cell).  
FFS#2 handling of supervision timer and when HO is considered successfully complete
The background is that RAN2#122 identified below FFS [2]: 
for the UL grant and HO completion in RACH-less HO:
1. Both type-1 configured grant and dynamic grant are supported
2. FFS handling of supervision timer and when HO is considered successfully complete (expect to align with other WI). 
According to [4][5], we understand that at least legacy LTE RACH-less HO solution is reused for handling of supervision timer and when HO is considered successfully complete. It is sufficient for RACH-less in mobile IAB. Thus, we propose:
Proposal 5: On handling of supervision timer and when HO is considered successfully complete, reuse the same solution of RACH-less HO of NTN (i.e. UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field.)
2.3 Remaining issues on CHO enhancement
In RAN2#121b-e [1], CHO enhancement was discussed, and it is FFS whether to support CHO with CondT1 for mobile IAB.
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-	AT&T think this is aligned with the AT&T problem scenario. 
-	CATT think the enhancement cmp to legacy HO is small. .
-	AT&T think that also the timing is important, and CHO has less dependency to real time restrictions. 
-	Ericsson think that once CHO can be configured then also legacy HO can be done. 
-	Chair: there is some support and some opposition. 
-	Apple wonder if the UE need to support GNSS. LG think T1 is based on absolute time. 
FFS: May support CHO with CondT1 if it is “for free”, i.e. if TS impact is just to slightly modify the description to make it also applicable to TN. 

Because the FFS requires analysis of the TS impact, we provide a brief overview of existing CondT1. According to TS 38.300 [6], TS 38.331 [7] and TS 38.306 [8], the key points of CondT1 can be summarized below:
1) CondT1 is only applicable to NTN, as specified in TS 38.306 [8].  
	timeBasedCondHandover-r17
Indicates whether the UE supports time based conditional handover, i.e., CondEvent T1 as specified in TS 38.331 [9]. A UE supporting this feature shall also indicate the support of condHandover-r16 for NTN bands and the support of nonTerrestrialNetwork-r17. UE shall set the capability value consistently for all FDD-FR1 NTN bands.
	Band
	No
	N/A
	N/A


2) CondT1 is based on absolute UTC time (i.e. Threshold of T1 is UTC time) as specified in TS 38.331 [7]. 
· The absolute UTC time (rather than relative timer) is used because it is not easy for gNB to pre-calculate RTT time of NTN. And NTN UE is always equipped with GNSS.   
        condEventT1-r17                  SEQUENCE {
            t1-Threshold-r17                 INTEGER (0..549755813887),
            duration-r17                     INTEGER (1..6000)
        }
	duration
This field is used for defining the leaving condition T1-2 for conditional HO event condEventT1. Each step represents 100ms.

	t1-Threshold
The field counts the number of UTC seconds in 10 ms units since 00:00:00 on Gregorian calendar date 1 January, 1900 (midnight between Sunday, December 31, 1899 and Monday, January 1, 1900).


3) CondT1 is always configured together with one of the measurement-based trigger conditions Ax (i.e. CHO events A3/A4/A5). Only when both CondT1 and CondAx are fulfilled at the same time, UE will consider the target candidate cell as a triggered cell (i.e. AND between CondT1 and Cond Ax).
· AND (rather than OR) is specified because the time in CondT1 is to indicate the arriving time of the target cell due to fixed satellite moving pattern. Thus, the UE is allowed to execute HO only when both conditions are fulfilled.    
From Clause 5.3.5.13.4 of TS 38.331:
....
2> if event(s) associated to all measId(s) within condTriggerConfig for a target candidate cell within the stored condRRCReconfig are fulfilled:
  3> consider the target candidate cell within the stored condRRCReconfig, associated to that condReconfigId, as a triggered cell;
  3> initiate the conditional reconfiguration execution, as specified in 5.3.5.13.5;
Observation 1: The key points of existing CondT1 can be summarized below:
1) CondT1 is only applicable to NTN
2) CondT1 is based on absolute UTC time (i.e. Threshold of T1 is UTC time)
3) CondT1 is always configured together with one of the measurement-based trigger conditions (i.e. CHO Ax events A3/A4/A5). Only when both CondT1 and CondAx are fulfilled at the same time, UE will consider the target candidate cell as a triggered cell (i.e. AND between CondT1 and Cond Ax).
Thus, if CondT1 is supported in TN, we think these 3 aspects all need specification changes. Specifically, the changes should include:
1) Specification change in TS 38.306 to allow non-NTN UE to apply CondT1.
2) Specification change in TS 38.331 to allow non-NTN UE without equipping GNSS to apply CondT1.
· For example, CondT1 can be revised to use time of source DU for non-NTN UEs. 
· As another example, add procedure text that after configured with CondT1, non-NTN UEs need to obtain SIB9 to acquire UTC time.     
3) Specification change in TS 38.331 to use "OR" (rather than "AND") between CondT1 and CondAx to determine whether the target candidate cell as a triggered cell.
· Please note that different from NTN, surrounding UEs served by mobile IAB DU may move to cell boundary before DU migration is triggered (i.e. before CondT1 is fulfilled). In this case, these UE should execute HO immediately.   
Observation 2: To allow non-NTN UE without equipping GNSS to apply CondT1, CondT1 can be revised to use time of source DU (i.e. not UTC time) for non-NTN UEs. Or a new procedure text can be added that after configured with CondT1, non-NTN UEs need to obtain SIB9 to acquire UTC time. 
Observation 3: Different from NTN, surrounding UEs served by mobile IAB DU may move to cell boundary before DU migration is triggered (i.e. before CondT1 is fulfilled). In this case, these UE should execute HO immediately.      
We are not sure whether it is worth pursuing these specification changes to support CondT1 in mobile IAB. Thus, we suggest RAN2 to discuss the necessity.
Proposal 6: RAN2 confirm below specification changes are needed, if CondT1 is supported in mobile IAB.
1) Specification change in TS 38.306 to allow non-NTN UE to apply CondT1.
2) Specification change in TS 38.331 to allow non-NTN UE without equipping GNSS to apply CondT1.
3) Specification change in TS 38.331 to use "OR" (rather than "AND") between CondT1 and CondAx to determine whether the target candidate cell as a triggered cell.
2.4 Remaining issues on UE capability 
Below open issue were identified by CR Rapporteur of capability in [9]: 
	· Proposal 1: RAN2 assumes mobile-IAB capability is introduced in Rel-18. FFS: if requirement for this capability is impacted by RAN3 decision to add/not add mobile IAB-node indication to Xn handover request agreements on Xn signalling. FFS: if any need to clarify with SA2 the intention of “for a MBSR node to operate as a MBSR” from clause 5.35A.1 of TS 23.501, i.e. whether a mobile IAB shall always include or optionally includemobileIAB-NodeIndication-r18 in Msg5.



#Open issue 1: if requirement for this capability is impacted by RAN3 decision to add/not add mobile IAB-node indication to Xn handover request 
We don't think RAN2 decision on introducing mobile-IAB capability is impacted by RAN3 discussion. UE capability and the indication bit in Msg5 are served for different purposes. Thus, both of them are needed. 
Proposal 7: RAN2 introduce the mobile-IAB capability and inform RAN3. 
#Open issue 2: whether a mobile IAB shall always include or optionally include mobileIAB-NodeIndication-r18 in Msg5.
According to below copy of TS 23.501, the mobile IAB node indication is optionally included in msg5, e.g. due to the MBSR is not authorized. 
	TS 23.501:
For a MBSR node to operate as a MBSR, it provides a mobile IAB-indication to the IAB-donor-CU when the RRC connection is established as defined in TS 38.331 [28]. When the mobile IAB-indication is received, the IAB-donor-CU selects an AMF that supports IAB-node with mobility and includes the mobile IAB-indication in the N2 INITIAL UE MESSAGE as defined in TS 38.413 [34] so that the AMF can perform mobile IAB authorization as described in clause 5.35A.4. If the MBSR node does not operate as a MBSR, e.g. due to the MBSR authorization indication from AMF, it does not provide the indication when establishing new RRC connection.



Thus, it is clear that the mobile IAB node indication is optionally included in msg5 in the cases mentioned in TS 23.501, which can be included in its field description.
Proposal 8: The mobile IAB node indication is optionally included in msg5 in the cases mentioned in TS 23.501.
    
3 Conclusion
In this contribution, we share our view on remaining issues on CONNECTED mobility in mobile IAB. Our proposals are: 
Remaining issues on RACH-less HO
Proposal 1: On top of NTN RRC running CR (R2-2309341), only the following two changes are needed:
1) Because different RACH-less configurations (e.g. beam information, SSB threshold) may be used between mobile IAB and NTN, introduce a separate miab-Rach-LessHO-r18. 
2) The IE to indicate TA of target cell (i.e. targetNTA-r18 for NTN) is not needed because it was agreed only same TA case is supported for mobile IAB.                  
Proposal 2: On top of NTN MAC running CR (R2-2309345), the following changes in section 5.2 are needed:
1) Because the IE targetNTA-r18 is not needed in mobile IAB, add specification that mobile IAB UE(s) shall use TA of source cell for the target PTAG of handover. 
2) The FFS when timeAlignmentTimer starts is a NTN specific one, and thereby not applied to mobile IAB RACH-less HO.
Proposal 3: On top of NTN MAC running CR (R2-2309345), the following change in section 5.8.6 and section 5.xx is needed: 
· Add mobile IAB UE behavior of handling CG Type 1 in preallocated uplink grant, where the behavior of NTN UE can be reused with change ntn-RSRP-ThresholdSSB -> miab-RSRP-ThresholdSSB.
Proposal 4: In mobile IAB RACH-less HO, the target cell beam information is explicitly included in HO command and the correspondingly NTN RACH-less HO configuration can be reused. No need to support implicit approach (i.e. UE re-uses the same beam status as in the source cell).  
Proposal 5: On handling of supervision timer and when HO is considered successfully complete, reuse the same solution of RACH-less HO of NTN (i.e. UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field.)

Remaining issues on CHO enhancement
Proposal 6: RAN2 confirm below specification changes are needed, if CondT1 is supported in mobile IAB.
1) Specification change in TS 38.306 to allow non-NTN UE to apply CondT1.
2) Specification change in TS 38.331 to allow non-NTN UE without equipping GNSS to apply CondT1.
3) Specification change in TS 38.331 to use "OR" (rather than "AND") between CondT1 and CondAx to determine whether the target candidate cell as a triggered cell.
Remaining issues on UE capability
Proposal 7: RAN2 introduce the mobile-IAB capability and inform RAN3. 
Proposal 8: The mobile IAB node indication is optionally included in msg5 in the cases mentioned in TS 23.501.
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