[bookmark: _Ref399006623][bookmark: _Toc92513360][bookmark: _Toc193024528]3GPP TSG-RAN WG4 Meeting # 109	R4-2318321        
Chicago, US, November 13 – 17, 2023

Agenda Item:	8.24.2.1.1
Source: 	CATT
Title: 	Discussion on PDCCH-order RACH on neighbor cell for L1/L2 based inter-cell mobility
Document for:	Discussion
1. Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK1][bookmark: OLE_LINK110][bookmark: OLE_LINK111]In the last RAN4 meeting, WF on NR mobility enhancements (part 1) was approved. In this contribution, some open issues on PDCCH-order RACH on neighbor cell are further discussed [1].
2. Discussion
PDCCH-order RACH on neighbor cell
The issues for PDCCH-order RACH on neighbor cell is related to LS R1-2304276 [2]. RAN4 has discussed the related issues in the previous meetings and replied the LS to RAN1in the RAN4#108 meeting. The feedback is copied below [3]:
	For the need for any update is required to ΔBWPSwitching, ΔDelay,
· [bookmark: _GoBack]For ΔDelay: RAN4 has agreed to not change the component.
· For ∆BWPSwitching: It is not needed.
For the need for additional latency, RAN4 agreed to introduce new additional delay components at least for SSB based T/F tracking (TSSB) and RF and/or BB preparation and retuning (∆RF/BB_preparation ). The additional delay components introduced are clarified as follows: 
TSSB:
· If TCI state of target cell has been activated before PDCCH ordered RACH, and if SSB index indicated in PDCCH order is in the active TCI state list, and measurement period of L1-RSRP is no longer than 160ms, UE doesn’t need additional time for SSB based T/F tracking to meet UL transmission timing requirements, that is, TSSB = 0.
· If SSB index indicated in PDCCH order is not in the active TCI state list that has been activated for the target cell, when the measurement period of L1-RSRP is no longer than 160ms, whether additional delay is needed for TSSB is FFS.
· Otherwise, TSSB is needed, and the value is FFS.
∆RF/BB_preparation:
· [bookmark: _Hlk143837117]For the case of PRACH bandwidth of neighbor cell is within active UL BWP, ∆RF/BB_preparation is FFS.
· [bookmark: OLE_LINK128][bookmark: OLE_LINK129]For the case of PRACH bandwidth outside active UL BWP but within one of configured UL BWPs of any active serving cell, ∆RF/BB_preparation is DCI based BWP switching delay specified in clause 8.6 of TS 38.133 (in TS 38.133, DCI based BWP switch delay value is dependent on UE capability). 
· [bookmark: OLE_LINK126][bookmark: OLE_LINK127]For the case of PRACH bandwidth is not within any of the configured UL BWPs of any active serving cell, ∆RF/BB_preparation is FFS
    
For any impact/interruption on UL Tx and/or DL Rx of serving cell due to the PRACH Tx on a candidate cell that is not a current serving cell with PUCCH/PUSCH, RAN4 is still discussing.


Due to some FFS left, the corresponding issues should be further discussed by RAN4. In this paper, we will further provide our views and proposals on delay requirements and interruption requirements respectively:
Delay requirements
Additional time TSSB for DL synchronization needed in the delay requirements for PDCCH ordered RACH before cell switch command
In the previous meeting, we discussed the case where the SSB index indicated in PDCCH order is in the active TCI state list that has been activated and measurement period of L1-RSRP is no longer than 160ms. RAN4 should further discuss the additional time for DL synchronization in other cases, and the related WF is copied below:
	Further clarification on the condition when additional time for DL synchronization needed
<Way Forward> FFS:
· [bookmark: OLE_LINK113][bookmark: OLE_LINK114]If SSB index indicated in PDCCH order is not in the active TCI state list that has been activated, and when the measurement period of L1-RSRP is no longer than 160ms, one complete SSB burst is needed for fine time tracking.
The value of additional time for DL synchronization when needed
<Way Forward>: FFS the following Options
· Option 1 (MTK): TSSB in the additional time for T/F tracking during PDCCH ordered RACH delay is the time waiting for the first SSB for L1-RSRP measurement.
· Target cell of intra-f or inter-f w/o gap: TSSB is SSB periodicity 
· Target cell of inter-f with Type 1 MG: TSSB is max {MGRP, SSB period} after the slot receiving PDCCH order.
· Option 2 (QC): UE can not meet the Te requirements if the SSB periodicity of the target cell is longer than 160ms.


If SSB index indicated in PDCCH order is not in the active TCI state list that has been activated, and when the measurement period of L1-RSRP is no longer than 160ms, we believe that UE need additional delay TSSB for SSB based T/F tracking to meet UL transmission timing requirements. Otherwise, TSSB is also needed. 
[bookmark: OLE_LINK109][bookmark: OLE_LINK112]For the value of TSSB, we support Option 1, TSSB is the time waiting for the first SSB for L1-RSRP measurement. In detail, for the target cell of intra-f or inter-f w/o gap, TSSB is SSB periodicity, and for the target cell of inter-f with Type 1 MG, TSSB is max{MGRP, SSB period} after the slot receiving PDCCH order.
Proposal 1: For the need of additional delay for SSB based T/F tracking to meet UL transmission timing requirements，
· If SSB index indicated in PDCCH order is not in the active TCI state list that has been activated for the target cell, and when the measurement period of L1-RSRP is no longer than 160ms, additional delay TSSB is needed for SSB based T/F tracking to meet UL transmission timing requirements..
· Otherwise, TSSB is also needed.
Proposal 2: For the value of TSSB when needed,
· TSSB is the time waiting for the first SSB for L1-RSRP measurement.
· Target cell of intra-f or inter-f w/o gap: TSSB is SSB periodicity.
· Target cell of inter-f with Type 1 MG: TSSB is max {MGRP, SSB period} after the slot receiving PDCCH order.
Additional time for RF/BB preparation and RF re-tuning
In the previous meeting, we has discussed the additional time for RF/BB preparation and RF re-tuning in the case of PRACH bandwidth of neighbor cell is within active UL BWP and the case of PRACH bandwidth outside active UL BWP but within one of configured UL BWPs of any active serving cell. RAN4 should further discuss the left remaining case and the related WF is copied below:
	< Agreement>
· For the case of PRACH bandwidth within active UL BWP, ∆RF/BB_preparation = 0.
· For the case of PRACH bandwidth not within any of the configured UL BWPs of any active serving cell
· [bookmark: OLE_LINK136][bookmark: OLE_LINK137][bookmark: OLE_LINK140][bookmark: OLE_LINK134][bookmark: OLE_LINK135]Alt1: Define a single value
· Alt2: Introduce UE capability to report the time needed for RF/BB preparation and RF retuning, down-select from [1ms, 3ms, 5ms, 8ms, 10ms, 15ms].


For the case of PRACH bandwidth not within any of the configured UL BWPs of any active serving cell, we think that additional corresponding RF configuration generation time should be considered compared with the case of PRACH bandwidth outside active UL BWP but within one of configured UL BWPs of any active serving cell. For Case 2, UE has already generated the corresponding RF configuration after receiving the BWP configurations. However, for case 3, in order to save memory, UE does not in advance generate the corresponding RF configuration for PRACH, so additional corresponding RF configuration generation time have to be added [4].
Observation 1: For the case of PRACH bandwidth outside active UL BWP but within one of configured UL BWPs of any active serving cell, in order to save memory, UE does not in advance generate the corresponding RF configuration for PRACH, so additional corresponding RF configuration generation time have to be added.
Some companies want to introduce UE capability to fully reflect the needed time. In our view, since we have already introduced too many UE capabilities for LTM feature, and the PRACH may not very urgent [4], at least for such a case, we believe that introducing UE capability is not necessary, and we prefer to define a single value with considering RF configuration generation time and BWP switching time. For the exact value, 10ms is relaxed and fine. 
Proposal 3: For the case of PRACH bandwidth not within any of the configured UL BWPs of any active serving cell,
· Define a single value: ∆RF/BB_preparation can be [10ms].
Interruption requirements
In the last meeting, RAN4 has further discussed any impact/interruption on UL Tx of serving cell due to the PRACH Tx on a candidate cell that is not a current serving cell with PUCCH/PUSCH, the related WF is copied as follow:
	Interruption due to RACH transmission
< Agreement>
· Leave the interruption on UL during PDCCH order RACH transmission to RAN1
· Introduce a UE capability to indicate whether there will be interruption on DL during PDCCH order RACH transmission to target cell. FFS the details of the capability.
Interruption due to RF/BB retuning to target cell before RACH transmission or retuning back to serving cell after RACH transmission
< Agreement>
· When RACH bandwidth is in the UL active BWP, reuse legacy N symbols. 
· For the case of PRACH bandwidth outside active UL BWP but within one of configured UL BWPs of any active serving cell, reuse interruption requirements of BWP switching on other serving cells in NR-DC for asynchronous scenarios which are defined in 38.133 cl. 8.2.4.2.5.  
· FFS:
· For the case of PRACH bandwidth not within any of the configured UL BWPs of any active serving cell
· The interruption on both UL and DL is 
· Option 1: ⌈Y/1slot length⌉ slot +1 slot
· Option 2: ⌈(Y+1 symbol)/1slot length⌉ slot
· Other options not precluded
· Make a down-selection on the value of Y next meeting
· Alt.1: 0.5ms
· Alt.2: 1ms
· Alt.3: 0.5ms in FR1 and 0.25ms in FR2
· Alt.4: based on UE capability
Location of interruption due to RF/BB retuning to target cell before RACH transmission or retuning back to serving cell after RACH transmission
<Way Forward>: FFS the following Options
· Option 1 (xiaomi, Ericsson): 
· 	Location of the interruption due to RF retuning is before and after the RACH transmission
· Option 2 (QC): Introduce new UE capability
· Location: the starting point of the interruption is ‘interruption length + margin’ before the selected RO (no signalling, hardcoded in spec), and the value of margin is FFS


Interruption due to RACH transmission
For the interruption on UL due to RACH transmission, RAN1 has discussed the interruption due to processing time to build the PRACH transmission, carrier or/and BWP switching time if any, UL or DL RF retuning time if any, additional preparation time if any, and agreed that when the UE does not support simultaneous/parallel transmissions of PRACH in candidate cell and UL channels and signals in serving cell, UE support serving cell UL TX is dropped. The related agreements are as follows:
	RAN1 #113:
Agreement
· [bookmark: OLE_LINK130][bookmark: OLE_LINK131]For PDCCH-order based PRACH for candidate cell, If UE capability does not support simultaneous/parallel transmissions, when the PRACH transmission to a candidate cell other than current serving cell(including any interruption due to processing time to build the PRACH transmission, carrier or/and BWP switching time if any, UL or DL RF retuning time if any, additional preparation time if any) happen to overlap over one or more symbols or have a time gap below a certain threshold (e.g., N symbols, FFS: the value of N) with following UL transmission to one of the serving cells
· PRACH transmission 
· PUCCH/PUSCH transmission carrying HARQ-ACK, SR, P/SP CSI, aperiodic CSI 
· SRS transmission
· Any other PUCCH/PUSCH transmission
· Down-select the UE behavior in this case
· Alt 1: Dropping rule is needed 
· Alt 2: up to UE implementation 
RAN1 #114:
Agreement
When the UE does not support simultaneous/parallel transmissions of PRACH in candidate cell and UL channels and signals in serving cell, support
-            serving cell UL TX is dropped.


Observation 2: According RAN1’s agreement, when the UE does not support simultaneous/parallel transmissions of PRACH in candidate cell and UL channels and signals in serving cell, UE support serving cell UL TX is dropped.
However, we are not sure if RAN1 will continue to discuss this issue. We believe that RAN1 could inform RAN4 that there is the interruption on UL in some cases, but the value will not be determined in RAN1. Since the consensus is that the interruption requirements will be captured in RAN4 spec, for clarification, it is suggested that RAN4 inform RAN1 what RAN4 requires RAN1 input for defining the interruption requirement on UL due to RACH transmission in the reply LS.
Proposal 4: For clarification, it is suggested that RAN4 inform RAN1 what RAN4 requires RAN1 input for defining the interruption requirement on UL due to RACH transmission in the reply LS.
Interruption due to RF/BB retuning to target cell before RACH transmission or retuning back to serving cell after RACH transmission
For the case of PRACH bandwidth not within any of the configured UL BWPs of any active serving cell, we support that the interruption on both UL and DL is ⌈(Y+1 symbol)/1slot length⌉ slot. Considering that RTD is larger than CP, more 1 symbol interruption is needed before and after those OFDM symbols corresponding to the configured LTM L1-RSRP measurement SSBs [5]. For Option1, we understand that interruption is based on slot granularity, but it is more reasonable to add the addition 1 symbol in Y. For the value of Y, the value of PSCell/SCell activation (i.e., 1ms) can be reused. 
Proposal 5: For the case of PRACH bandwidth not within any of the configured UL BWPs of any active serving cell,
· The interruption on both UL and DL is ⌈(Y+1 symbol)/1slot length⌉ slot.
· The value of Y can be 1ms.
[bookmark: _Toc423020296][bookmark: _Toc423020279][bookmark: _Toc423019950]3. Conclusion
[bookmark: _Toc423020280]In this paper, we provide our views on PDCCH-order RACH on neighbor cell. From this discussion we have derived the following observation and proposals: 
Proposal 1: For the need of additional delay for SSB based T/F tracking to meet UL transmission timing requirements，
· If SSB index indicated in PDCCH order is not in the active TCI state list that has been activated for the target cell, and when the measurement period of L1-RSRP is no longer than 160ms, additional delay TSSB is needed for SSB based T/F tracking to meet UL transmission timing requirements..
· Otherwise, TSSB is also needed.
Proposal 2: For the value of TSSB when needed,
· TSSB is the time waiting for the first SSB for L1-RSRP measurement.
· Target cell of intra-f or inter-f w/o gap: TSSB is SSB periodicity.
· Target cell of inter-f with Type 1 MG: TSSB is max {MGRP, SSB period} after the slot receiving PDCCH order.
Observation 1: For the case of PRACH bandwidth outside active UL BWP but within one of configured UL BWPs of any active serving cell, in order to save memory, UE does not in advance generate the corresponding RF configuration for PRACH, so additional corresponding RF configuration generation time have to be added.
Proposal 3: For the case of PRACH bandwidth not within any of the configured UL BWPs of any active serving cell,
· Define a single value: ∆RF/BB_preparation can be [10ms].
Proposal 4: For clarification, it is suggested that RAN4 inform RAN1 what RAN4 requires RAN1 input for defining the interruption requirement on UL due to RACH transmission in the reply LS.
Proposal 5: For the case of PRACH bandwidth not within any of the configured UL BWPs of any active serving cell,
· The interruption on both UL and DL is ⌈(Y+1 symbol)/1slot length⌉ slot.
· The value of Y can be 1ms.
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