3GPP TSG RAN WG2 Meeting #123                                                                     R2-2308078
Toulouse, FR, 21st – 25th Aug, 2023
Agenda Item:	7.12.2.1
Source:	Intel Corporation
Title:	Mobile IAB mobility enhancement for connected UEs
Document for:	Discussion and Decision
Introduction
During RAN2 #122 meeting, RACH-less for RRC_CONNECTED UEs were agreed with followings:
	· 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). 


In this contribution, we mainly focus on the remaining open issues on whether and how to support mobility enhancements for connected mode served UEs.
Discussion
RACH-less HO
As discussed in NR NTN, RACH-less HO is adopted to help when the group of UEs perform intra and inter satellite handover, where RACH congestion and delay can be avoided.
It is observed that much of the procedure of RACH-less HO can be common between mIAB WI and NTN WI. For example, RACH-less configuration in RRCReconfiguration message for TA, pre-allocated UL grant, trigger of security key change during RACH-less HO, HO confirmation, etc, could be common for NTN and mobile IAB as well, which is similar to the LTE RACH-less design. 
Observation 1: Much of the procedure of RACH-less HO can be common between mobile IAB WI and NTN WI (if RACH-less HO is adopted). 
It was agreed in RAN2 #121bis-e meeting, following agreements on general procedure of RACH-less HO was agreed in Rel-18 NTN (see right column of below table).
	Agreements on RACH-less up to RAN2 #122 meeting
	mIAB
	NTN (already agreed)

	Step 1
	RACH-less HO with same TA is in scope for served UEs during mIAB DU migration.
Type-2 configured grant is supported.
For RACH-less, there’s a need for a beam indication (in RRC HO command), which is feasible in this release from R2 perspective.
	receive a RACH-less HO command which can include pre-allocated grant optionally. FFS N_TA is optional. (RRC)	
The pre-allocated grant is provided as type-1 CG.

	Step 2
	
	start timer T304 for the target cell (RRC)

	Step 3
	
	perform DL and UL synchronization, and start timer T430. FFS how to perform RACH-less UL synchronization to NTN target cell. (RRC, MAC)

	Step 4
	
	start time alignment timer (MAC)

	Step 5
	Dynamic grant is supported.
	monitor target cell PDCCH for dynamic grant if pre-allocated grant is not configured in RACH-less HO command (MAC, PHY)	

	Step 6
	
	send initial UL transmission including RRCReconfigurationComplete message using the available UL grant (RRC, MAC, PHY)	

	Step 7
	FFS handling of supervision timer and when HO is considered successfully complete (expect to align with other WI).
	consider RACH-less HO is completed upon receiving NW confirmation. RRC, MAC)
For both pre-allocated grant and dynamic 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.

	Step 8
	
	stop timer T304 for the target cell and release pre-allocated UL grant if configured. (RRC)


In this section, we continue discuss the remaining open issues on supporting RACH-less HO for mIAB.
Beam indication in RRC HO command (if Type-1 configured grant is supported)
During RAN2 #121bis-e meeting NTN WI, RAN2 asked RAN1 about the feasibility to support RACH-less in terms of pre-allocation grant association to SSB, PDCCH monitoring, and power control.
When Type-1 configured grant is provided, it is replied by RAN1 in R1-2306151 [4]:
	RAN1 response: 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.


With the above statement and confirmation from RAN1, a similar approach as CG-SDT can be considered in mIAB RACH-less HO, that is, the pre-allocated grant is provided with association to the DL RSRP of configured number of highest ranked SSBs which are above a configured RSRP threshold.
Observation 2: According to RAN1 reply LS, if Type-1 CG is configured, pre-allocated grant (Type-1 CG) can be provided with association to the DL RSRP of configured number of highest ranked SSBs which are above a configured RSRP threshold in RRC HO command.
PDCCH monitoring configuration (if dynamic grant is supported)
Another question is, if dynamic grant is used, how to configure the UE monitoring PDCCH for initial UL transmission.
As replied in [4]:
	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. 


For PDCCH, normally the UE will further receive a MAC CE to indicate which beam is used for monitoring 
PDCCH among configured TCI states in RRC configuration. Based on above RAN1 reply LS, at least for single beam scenario, the UE can follow the TCI state configured in RRC HO command without MAC CE.
Observation 3: According to RAN1 reply LS, if dynamic grant is configured, RRC HO command can include at least one TCI state for UE to monitor PDCCH of initial UL transmission in target cell.
Supervision timer and When HO is considered successfully completed
Furthermore, following supervision timer start/stop behavior was agreed in RAN2 #121bis-e meeting NTN WI:
· start timer T304 for the target cell after receiving RACH-less HO command
· start timer T430 when UE starts to perform DL and UL synchronization
· stop timer T304 for the target cell upon completion of RACH-less HO, confirmation of RACH-less HO completion by receiving UE Contention Resolution Identity MAC CE (for both pre-configured grant and dynamic grant)
Based on above observation, we therefore propose:
Proposal 1: RAN2 confirms RACH-less HO is supported for served UEs during mIAB DU migration (same as agreed for NTN), including:
· Start T304 for target logical DU after receiving RACH-less HO command
· Start T430 when UE starts to perform DL and UL synchronization
· Confirm completion of RACH-less HO by receiving UE Contention Resolution Identity MAC CE.
· Upon completion of RACH-less HO, stop T304
· Release pre-allocated UL grant after RACH-less HO completion
CHO
During RAN2 #121bis-e meeting, it was proposed to consider CHO with CondEventT1 (which is specified for NTN scenario) to mobile IAB. As per the proponents, the motivation for considering this is to stagger the peak signalling load.
In Rel-17 NTN, timer-based CHO trigger event was introduced as a new conditional trigger event for NTN-capable UEs. As agreed in RAN2 #115e meeting [1], t1-Threshold in CondEventT1 is defined to use UTC, and the UE shall also be GNSS-capable to calculate UTC. 
	· RAN2 adopts Option 1: UTC time + duration/timer, e.g. 00:00:01 + 40s for representing T1 and T2 for CHO time event.


Mobile IAB-node is supposed and designed to serve the normal UEs, hence, there’s no need to mandate such UE to be GNSS-capable. During Rel-17 NTN discussion, there were some other solutions proposed that doesn’t require utilizing UTC, for example, “reference time + duration/timer, e.g. SFN=0+40s”, “two timers, 301s+341s”. However, based on TS 38.331 [2], t1-Threshold is designed as integer from 0 to 5497555813887. Expanding t1-Threshold format from UTC to either SFN or timer will require specification change, for example, adding types of t1-Threshold format, e.g. UTC/SFN/timer and define the range of time window for SFN/timer.
	[image: ]


Observation 4: Existing solution for CondEventT1 is only applicable for NTN capable UEs.  Further, it cannot be directly applied for mIAB as a mobile IAB-node served UE may not be GNSS-capable. Adopting new format, e.g. SFN/timer, as t1-Threshold requires additional specification work in TS 38.331 to define new entering/leaving condition and the corresponding value range for CondEventT1. 
Additionally, it was captured in TS 38.300 [3], CondT1 shall always be configured together with another measurement-based trigger condition. 
	[bookmark: _Toc130939082]16.14.3.2.2	Conditional Handover
The same principle as described in 9.2.3.4 applies to NTN unless hereunder specified.
NTN supports the following additional trigger conditions upon which UE may execute CHO to a candidate cell, as defined in TS 38.331 [12]:
-	The RRM measurement-based event A4;
-	A time-based trigger condition;
-	A location-based trigger condition.
A time-based or a location-based trigger condition is always configured together with one of the measurement-based trigger conditions (CHO events A3/A4/A5) as defined in TS 38.331 [12].
It is up to UE implementation how the UE evaluates the time- or location-based trigger condition together with the RRM measurement-based event.


This is because, during Rel-17 NTN discussion, it was questioned the trigger of CHO cannot purely reply on the timer/location information, as single timer/location information cannot be trusted for handover decision. CHO mechanism needs to employ radio measurement to make sure the target candidate CHO cell has a good channel quality as well. In mobile IAB scenario, though the source and target logical DU are co-located, it is still difficult to solely rely on timer-based CHO trigger event, as the configured time window may not accurately reflect the operating mode (ON/OFF) of the target logical DU as well as its channel condition. Hence, the same principle as NTN should still be followed in mobile IAB, that is, timer-based CHO trigger event needs to be used in combination with the existing CHO measurement-based event (i.e. CondA3 and CondA5 agreed for eIAB in Rel-17).
As agreed in RAN2 #114e meeting, the timer trigger event can only be used when the measurement-based event is met. 
	· CHO time trigger event is defined as time duration [t1, t2] associated for each CHO candidate cell. The UE shall execute CHO to that candidate cell during the time duration, if all other configured CHO execution conditions will apply and there is only one triggered candidate cell.


Based on the above observation, it seems configuring CHO to the served UEs with CondEventT1 only benefits to distribute CHO execution timing across served UEs to avoid handover congestion of the UE group. However, the same purpose can be achieved by normal handover via network implementation, where the IAB-donor CU can gradually handover the group of served UEs from the first logical DU to the second one. There’s no need to configure CHO as an extra step, since normal handover can achieve the same goal. 
Observation 5: For mobile IAB served UEs, timer-based CHO trigger event will be activated only if the measurement-based trigger event condition is met. It will only benefit to distribute group UEs’ handover to a certain period, which can be equally achieved by normal handover via network implementation.
Proposal 2: For mobile IAB-node’s served UEs, CHO is not enhanced in Rel-18 mIAB, including introducing CondEventT1 for served UEs.

Conclusion
In this contribution, we first discuss the remaining issue on RACH-less and confirm RACH-less can be supported for mIAB. We further discuss why CHO doesn’t need to be enhanced for Rel-18 mIAB.
In summary, we have following proposals and observations:
Observation 1: Much of the procedure of RACH-less HO can be common between mobile IAB WI and NTN WI (if RACH-less HO is adopted). 
Observation 2: According to RAN1 reply LS, if Type-1 CG is configured, pre-allocated grant (Type-1 CG) can be provided with association to the DL RSRP of configured number of highest ranked SSBs which are above a configured RSRP threshold in RRC HO command.
Observation 3: According to RAN1 reply LS, if dynamic grant is configured, RRC HO command can include at least one TCI state for UE to monitor PDCCH of initial UL transmission in target cell.
Proposal 1: RAN2 confirms RACH-less HO is supported for served UEs during mIAB DU migration (same as agreed for NTN), including:
· Start T304 for target logical DU after receiving RACH-less HO command
· Start T430 when UE starts to perform DL and UL synchronization
· Confirm completion of RACH-less HO by receiving UE Contention Resolution Identity MAC CE.
· Upon completion of RACH-less HO, stop T304
· Release pre-allocated UL grant after RACH-less HO completion
Observation 4: Existing solution for CondEventT1 is only applicable for NTN capable UEs.  Further, it cannot be directly applied for mIAB as a mobile IAB-node served UE may not be GNSS-capable. Adopting new format, e.g. SFN/timer, as t1-Threshold requires additional specification work in TS 38.331 to define new entering/leaving condition and the corresponding value range for CondEventT1. 
Observation 5: For mobile IAB served UEs, timer-based CHO trigger event will be activated only if the measurement-based trigger event condition is met. It will only benefit to distribute group UEs’ handover to a certain period, which can be equally achieved by normal handover via network implementation.
Proposal 2: For mobile IAB-node’s served UEs, CHO is not enhanced in Rel-18 mIAB, including introducing CondEventT1 for served UEs.
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condEventTl-r17 SEQUENCE {
t1-Threshold-rl7 INTEGER (0..549755813887),
duration-rl7 INTEGER (1..6000)




