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[bookmark: _Ref521334010]Introduction
In RAN #97 e-meeting, a revised WID on further NR mobility enhancements was agreed [1]. In the WID, timing advance management was included in order to reduce handover interruption time. In RAN1 #110bis e-meeting, the following agreements on timing advance management were achieved [2] .
	Agreement 
Support TA acquisition of candidate cell(s) before cell switch command is received in L1/L2 based mobility.
· FFS: whether this can be applied to candidate cell when it is deactivated SCell (if defined in RAN2)
Agreement
On mechanism to acquire TA of the candidate cells, the following solutions can be further studied:
•         RACH-based solutions
e.g., PDCCH ordered RACH, UE-triggered RACH, higher layer triggered RACH from NW other than L3 HO cmd
•         RACH-less solutions
e.g., SRS based TA acquisition, Rx timing difference based, RACH-less mechanism as in LTE, UE based TA measurement (including UE based TA measurement with one TAC from serving cell)
Agreement
For TA acquisition of a candidate cell before cell switch command is received, study at least the following alternatives of associating TA/TAG to candidate cell:
· Alt1: Associate TA/TAG and candidate cell implicitly, e.g.,
· the association between TA/TAG and TCI states can be configured
· Alt2: Associate TA/TAG and candidate cell explicitly, e.g.,
· the association is provided as a part of candidate cell(s) configuration
· the association between TA/TAG and SSB(s)/TRS(s) is provided as a part of candidate cell(s) configuration



In this contribution, timing advance managements are discussed with the following outline: TA acquisition is discussed in section 2. In section 3, association between TA and candidate cell is considered. TA indication is discussed in section 4. Section 5 deals with close loop TA updating. A brief conclusion is given in Section 6.

TA acquisition
In RAN1 #110bis e-meeting, it has been agreed that TA acquisition of candidate cell(s) can be achieved before cell switch command. Regarding the mechanism to acquire TA of the candidate cells, there are following proposals：
· RACH-based solutions e.g., PDCCH ordered RACH, UE-triggered RACH, higher layer triggered RACH from NW other than L3 HO cmd
· RACH-less solutions e.g., SRS based TA acquisition, Rx timing difference based, RACH-less mechanism as in LTE, UE based TA mesurement (including UE based TA measurement with one TAC from serving cell)
In NR Rel-16/17, initial TA value is obtained through initial random access procedure. In the CBRA, the UE randomly selects a preamble in the PRACH occasion associated with the SSB using the beam the UE wants to transmit on. This preamble is detected by the gNB receiver. With the detected preamble, the timing advance is estimated by gNB and indicated to UE by TA command (12bits) in MAC RAR. 
In L1/L2-based inter-cell mobility, to obtain the TA of the candidate cell before handover command, both CFRA and CBRA can be considered. For CFRA, gNB can trigger UE to send a preamble to the candidate cell, e.g. by triggering PDCCH order as shown in Table 1. 
[bookmark: _Ref111214731]Table 1. Fields of DCI of PDCCH order
	PDCCH order field
	Size
	Description

	Identifier for DCI formats
	1 bit
	Value should be “1” indicating DCI Format 1_0

	Frequency domain resource assignment
	
	 is the size of DL BWP. This field is all ones indicating that this is a PDCCH order.

	Random Access Preamble index
	6 bits
	ra_PreambleIndex. If this is all 0 a CBRA procedure is triggered, else the ra_PreambleIndex is used for a CFRA procedure.

	UL/SUL indicator
	1 bit
	If SUL is configured, and ra_PreambleIndex is not all 0, this field indicates UL carrier, else it is reserved. When indicating UL carrier: “0” is for normal uplink and “1” is for SUL.

	SS/PBCH Index
	6 bits
	If ra_PreambleIndex is not all zeros, the SS/PBCH block index used to determine the associated RO to transmit the preamble on, else reserved.

	PRACH Mask Index
	4 bits
	If ra_PreambleIndex is not all zeros, this parameter is used to determine the RO to transmit the preamble on, else reserved.

	Reserved bits
Candidate cell index
	10 bits
xxx bits  

	
Index of the candidate cell.



The SS/PBCH index, together with candidate cell index in the PDCCH order indicates UE the beam to transmit preamble with the Random Access Preamble index in the same PDCCH order, the introduction of candidate cell index is used to indicate which candidate cell the indicated SS/PBCH belongs to, reserved bits(10 bits) in PDCCH order can be considered if the Candidate cell index is less than 10 bits. The beam that is used to transmit preamble to the candidate cell has been obtained during the beam measurement report. In this procedure, the association of the SSB index with the PRACH occasion(ssb-perRACH-OccasionAndCB-PreamblesPerSSB) in the candidate cell needs to be configured by the serving cell.
Upon reception of the PDCCH order, UE will send preamble of the indicated Random Access Preamble index in the corresponding PRACH occasion with the beam that receives SSB of indicated SS/PBCH index which has been stored during the beam measurement. Meanwhile, the frequency and time domain resource to send the preamble has been configured to UE through RACH-ConfigDedicated. This preamble is detected at the candidate  cell gNB and with the detected preamble, the timing advance from UE to candidate cell #1 is estimated and the TA value is transferred from candidate cell to the serving cell. The serving cell will indicate the TA value to UE in the cell switch command.
Proposal 1: The RRC configuration of the candidate cell, e.g., the frequency and time domain resource to send the preamble and the association between SSB and RACH occasion are pre-configured.  
In comparison to the normal 2-step or 4-step random access procedure, this PRACH transmission don’t have the remaining steps since receiving the RAR will lead to an undesired interruption in the serving cell. By only transmitting the preamble, the interruption will be limited to at most 2 slots depending on the PRACH format and SCS used. 
Observation1:  For CFRA, the PRACH transmission to acquire the initial TA doesn’t necessarily have the remaining steps in comparison to the normal 2-step or 4-step random access procedure. 
For CBRA, to obtain the TA of the candidate cell, UE randomly selects a preamble and transmits it to the candidate cell in the PRACH occasion. The beam used to send preamble can be determined by the receiving beam of the associated SSB which has been stored during the beam measurement. Similarly, the association of the SSB index with the PRACH occasion (ssb-perRACH-OccasionAndCB-PreamblesPerSSB) in the candidate cell needs to be configured. And the frequency and time domain resource to send the preamble has been configured through RACH-ConfigDedicated. 
Upon receiving the preamble from UE, candidate cell gNB will estimate the TA and acknowledges the reception of the preamble by sending a random access response (RAR) where the estimated TA will be included. The RAR is transmitted from the candidate cell to the serving cell and the UE attempts to receive the RAR during the RAR window until the RAR is successfully decoded. For CBRA based RACH, to obtain the TA of the candidate cell, UE has to monitor the information from candidate cell until the 4-step of CBRA is completed since contention resolve of the UE is completed in the fourth step. During this procedure, the data transmission/reception with serving cell will be interrupted, this data transmission interruption need to be evaluated before the agreement on applying of CBRA. 
Proposal 2: Initial TA of the candidate cell can be obtained by RACH-based mechanisms. Both CFRA and CBRA enhancement can be studied. 
Proposal 3: For CFRA based RACH, RACH triggered by PDCCH order is considered. The association between SSB and RACH occasion of the candidate cell is pre-configured, meanwhile, the candidate cell index is included in PDCCH order.
Proposal 4: For CBRA based RACH, evaluate the data transmission interruption with the serving cell due to the 4-step CBRA procedure to obtain TA. 
TA of the candidate cell can be also obtained by SRS based TA acquisition, in the implementation, SRS resource of the candidate cell need to be pre-configured, this can be achieved by associating SRS resource/sets with candidate cell, e.g. including additional PCI index in SRS-ResourceSet. 
SRS-ResourceSet ::=                     SEQUENCE {
    srs-ResourceSetId                       SRS-ResourceSetId,
    srs-ResourceIdList                      SEQUENCE (SIZE(1..maxNrofSRS-ResourcesPerSet)) OF SRS-ResourceId  
usage                                   ENUMERATED {beamManagement, codebook, nonCodebook,}
					………
candidate cell index                    CandidateCellIndex-r18 
					………
}

The time and frequency resource to transmit SRS can be configured in SRS-Resource. For periodic and semi-persistent SRS, periodicity and offset are configured in SRS-Resource. To trigger the transmission of aperiodic SRS, traditional method is to use the SRS_request field(2 bits) in DCI format 0_1. Each 2 bits of SRS request corresponds to one aperiodicSRS-ResourceTrigger which is associated with 1 SRS resource set. This method can be extended to the candidate cell, e.g. configure additional PCI in SRS-ResourceSet and use traditional DCI format 0_1, or alternatively, introduce candidate cell index in triggering DCI format 0_1.  MAC CE can also be considered for the triggering, where aperiodicSRS-ResourceTrigger/SRS-ResourceSet with candidate cell indicator can be included. 
Proposal 5:  For TA acquisition of the candidate cell, SRS based TA acquisition can be considered. 
Proposal 6: For SRS based TA acquisition of the candidate cell, SRS resource/resource sets with candidate cell index need to be configured. 
Proposal 7: For SRS based TA acquisition of the candidate cell, for periodic and semi-persistent SRS, periodicity and offset of the SRS resource in the candidate cell is pre-configured. To trigger aperiodic SRS transmission, the following methods can be considered:
· Alt1: Use traditional DCI format 0_1 with additional PCI included in SRS-ResourceSet.
· Alt2: Introduce candidate cell index/indicator in the triggering DCI format 0_1.
· Alt3: New MAC CE is designed to include aperiodicSRS-ResourceTrigger/SRS-ResourceSet with candidate cell index.
In SRS based TA acquisition, the beam used to transmit SRS to candidate cell is another issue to be considered. Considering downlink synchronization with the candidate cell has been completed at this time, a straightforward way is to use SS/PBCH block receiving beam of the same SS/PBCH block index as the one the UE uses to obtain MIB. Alternatively, SRS-SpatialRelationInfo configured in the candidate cell can be activated, candidate cell index can be included in the activated signaling, e.g. MAC CE. 
Proposal 8: In SRS based TA acquisition of the candidate cell, the following mechanisms can be considered to determine the beam used for SRS transmission:
· Alt1: SS/PBCH block receiving beam to obtain MIB.
· Alt2: Activated spatial relation configured by SRS-SpatialRelationInfo.
In SRS based TA acquisition, the power to transmit SRS to the candidate cell needs to be determined. In the legacy method, UE determines the SRS transmission power [image: ] in SRS transmission occasion i as [3]: 
[image: ]

To determine the SRS transmission power to the candidate cell. The open loop parameter settings (P0, alpha) can be configured by candidate cell and transferred to UE. PL-RS can be CSI-RS/SSB included in the PathlossReferenceRS-Config configured in SRS-ResourceSet or PSS/SSS of the non-serving cell. 
Close loop power control parameter setting can be determined by setting srs-PowerControlAdjustmentStates to be separateClosedLoop to indicate the SRS power control setting is independent of those of the PUSCH(considering there is no PUSCH transmission at this time). The close loop power control of SRS can be achieved by the TPC field in DCI with candidate cell index. 
Proposal 9: To determine the SRS transmission power in SRS based TA acquisition of the candidate cell, PL-RS can be CSI-RS/SSB included in the PathlossReferenceRS-Config configured in SRS-ResourceSet or PSS/SSS of the candidate cell. 
Proposal 10: The close loop power control of SRS can be achieved by the TPC field in DCI with candidate cell index. Close loop power control parameter srs-PowerControlAdjustmentStates is configured and set to be separateClosedLoop to indicate the SRS power control setting is independent of those of PUSCH considering there is no PUSCH transmission at this time. 

Regarding the number of TA/TAG maintained by UE for the candidate cell, in RAN1 #110bis e-meeting, there was the following proposal:
Proposal 1.3: For TA management in L1/L2 based mobility, support at least one of the candidate cells can be associated with 1 acquired TA/TAG other than the TA/TAG used for the serving cell
· FFS: the maximal number of TA/TAG associated with candidate cell(s) can be handled by UE
· FFS: whether two TA(s)/TAG(s) for a candidate cell can be configured.
· Note1: for STRP operation, more than 1 TA/TAG per candidate cell is not needed
· Note2: it can be separately discussed regarding whether the TA/TAG of candidate cell(s) is indicated before or by the received cell switch command
According to our understanding, UE will maintain at least 2 TAs in L1/L2 based mobility, one TA for serving cell and one TA for candidate cell. The maximum number of TA associated with candidate cell(s) can be handled by UE and depends on UE capability. 
One issue discussed in Proposal 1.3 is whether two TA(s)/TAG(s) for a candidate cell can be configured. In our opinion, whether two TA(s)/TAG(s) for a candidate cell can be configured depends on whether multi-DCI based multi-TRP is considered in L1/L2 mobility, if two TRPs for a candidate cell are considered in L1/L2 mobility, 2 TAGs can be configured as those already agreed in NR Rel-18 FeMIMO. Otherwise, it is preferable 1 TAG configured for 1 TRP. 
Observation 2: Whether two TA(s)/TAG(s) for a candidate cell can be configured depends on whether multi-DCI based multi-TRP is considered in L1/L2 mobility.
Thus, we propose the following changes for Proposal 1.3:
Proposal 11: For TA management in L1/L2 based mobility, support at least one of the candidate cells can be associated with 1 acquired TA/TAG other than the TA/TAG used for the serving cell
· The maximal number of TA/TAG associated with candidate cell(s) depends on UE capability.
· FFS: whether two TA(s)/TAG(s) for a candidate cell can be configured.
· Note1: for STRP operation, more than 1 TA/TAG per candidate cell is not needed
· Note2: it can be separately discussed regarding whether the TA/TAG of candidate cell(s) is indicated before or by the received cell switch command
Association between TA and candidate cell
In L1/L2 mobility, to ensure the estimated TA can be applied to the corresponding candidate cell after handover in UL transmission, the association between TA and cell needs to be established. In RAN1 #110 bis e-meeting, there are the following alternatives: 
Alt1: Associate TA/TAG and candidate cell implicitly, e.g. the association between TA/TAG and TCI states can be configured. 
· the association between TA/TAG and TCI states can be configured
Alt2: Associate TA/TAG and candidate cell explicitly, e.g., the association is provided as a part of candidate cell(s) configuration
· the association is provided as a part of candidate cell(s) configuration
· the association between TA/TAG and SSB(s)/TRS(s) is provided as a part of candidate cell(s) configuration
For Alt1, each TA can be associated with the DLorJoint TCI states/UL TCI states of the uplink transmission. The association between TA/TAG and DLorJoint TCI states/UL TCI states can be configured. When a DLorJoint TCI states/UL TCI states is indicated, the associated TA value will be applied to the uplink transmission of the candidate cell of the additional PCI associated with the DLorJoint TCI states/UL TCI states.
For Alt2, each TA can be associated with a candidate cell Index/indicator, an example of the association is shown in Table 2. The association between candidate cell index and candidate cell indicator, which is shown in the first and second line of Table 2, can be indicated to UE by higher layer configurations, e.g. RRC. Meanwhile, the association between candidate cell index/indicator and TAG, as shown in the second and third column of the table, can also be indicated to UE, e.g. through MAC-CE. In the implementation, when a candidate cell indicator is indicated to UE, e.g. in the cell switch command, the associated TA value will be applied to the later uplink transmission. 
[bookmark: _Ref118731656]Proposal 12: For the association between TA and candidate cell, slightly prefer Alt1 for its simplicity, i.e., associate TA/TAG and candidate cell implicitly, e.g., the association between TA/TAG and TCI states can be configured. 
Table 2. Association between TAG/TA and candidate cell Index/ indicator
	Candidate cell Index(PCI)
	PCI-1
	PCI-2
	PCI-3
	PCI-4

	Candidate cell Indicator
	00
	01
	10
	11

	TAG/TA
	1/30
	2/32
	3/35
	4/32



TA indication
In L1/L2 based inter-cell mobility, multiple TAs, corresponding to different candidate cells, need to be indicated to UE. As described in section 3, each TA can be associated with one candidate cell explicitly by a cell index/indicator, or implicitly by DLorJoint TCI states/UL TCI states. For the indication, the following issues need to be considered:
a. When will the TA/TAG be indicated?
b. What’s the TA/TAG indication signaling?
When TA of the candidate cell is estimated, it can be transferred to the serving cell through X2 interface, the collected TA can be indicated to UE before cell switch command by, e.g. RAR MAC PDU. Or the TA/TAG can be included in the cell switch command, e.g. cell switch MAC CE. Moreover, the TA can also be indicated to UE after cell switch command considering that a new TCI state is indicated after cell switch command, if the TCI state is associated with the TAG, the corresponding TA indicated by TAG will be indicated associated with the new TCI state. 
Proposal 13: Regarding the TA indication time, consider the following alternatives:
· Alt1: TA indication before cell switch command
· Alt2: TA indication included in cell switch command
· Alt3: TA indication after cell switch command
Issue b is related to the association method of TA/TAG with candidate cell, as described in section 3. When a TAG is associated a TCI state, the TA/TAG of a candidate cell can be indicated with the TCI state indication. 
Proposal 14: Regarding the TA/TAG indication signaling, the following alternatives can be considered:
· Alt1: MAC RAR is used to indicate TA/TAG of the candidate cell.
· Alt2: MAC CE is considered by introducing candidate cell indicator in the traditional MAC CE or a new designed MAC CE like handover MAC CE, the association between PCI and candidate cell indicator can be configured by RRC.
Close loop TA updating 
After the initial TA acquisition and before handover, due to the UE mobility, TA of the uplink transmission needs to be updated. In NR Rel-15/16, gNB will perform close loop TA updating periodically according to the periodicity provided by TimeAlignmentTimer configured in TAG-Config.

TimeAlignmentTimer ::= 
ENUMERATED {ms500, ms750, ms1280, ms1920, ms2560, ms5120, ms10240, infinity}
Or alternatively, TA updating will be performed occasionally once gNB estimates that the time difference between the uplink data/signal (e.g. PUSCH/PUCCH/SRS) arriving time and the subframe boundary is larger than a threshold for a period of time. To estimate the TA of the uplink transmission, uplink reference signal(e.g. SRS/PUSCH DM RS) can be used. The estimated TA is indicated to UE by TA command MAC-CE, where TA Command is operated with TAG (Timing Advance Group) identified by TAG ID. Each TAG consists of a group of CCs sharing a same TA. Upon the indication from gNB, UE will calculate the absolute value of the timing advance and use it on the consequent PUSCH/PUCCH transmission, the absolute value is calculated by:
NTA_new = NTA_old + (TA-31)*16*64/2u. TA = 0, 1, 2, 3, …, 63.		(1)
where TA is indicated by gNB, 2u represents the SCS of 2u x 15K. NTA_old is the absolute value of TA for previous TA adjustment. 
In L1/L2 based inter-cell mobility, similar method for TA updating can be considered i.e., TA updating can be performed periodically or occasionally upon the timing detection of the uplink signal detection. Considering there is no PUSCH transmission for a non-serving cell before cell switch command, SRS can be used to estimate the TA of the uplink transmission. For periodic SRS, whether the periodicity of the SRS needs to be associated with the periodicity of the TimeAlignmentTimer can also be considered. 
Proposal 15:  Uplink reference signal. e.g. SRS can be used to detect TA for TA updating.
Conclusions
In this contribution, we focus on the TA management in L1/L2 based inter-cell mobility, TA acquisition, association between TA and candidate cell, and TA indication are mainly discussed. We have the following proposals: 
Proposal 1: The RRC configuration of the candidate cell, e.g., the frequency and time domain resource to send the preamble and the association between SSB and RACH occasion are pre-configured.  
Observation1:  For CFRA, the PRACH transmission to acquire the initial TA doesn’t necessarily have the remaining steps in comparison to the normal 2-step or 4-step random access procedure. 
Proposal 2: Initial TA of the candidate cell can be obtained by RACH-based mechanisms. Both CFRA and CBRA enhancement can be studied. 
Proposal 3: For CFRA based RACH, RACH triggered by PDCCH order is considered. The association between SSB and RACH occasion of the candidate cell is pre-configured, meanwhile, the candidate cell index is included in PDCCH order.
Proposal 4: For CBRA based RACH, evaluate the data transmission interruption with the serving cell due to the 4-step CBRA procedure to obtain TA. 
Proposal 5:  For TA acquisition of the candidate cell, SRS based TA acquisition can be considered. 
Proposal 6: For SRS based TA acquisition of the candidate cell, SRS resource/sets with candidate cell index need to be configured. 
Proposal 7: For SRS based TA acquisition of the candidate cell, for periodic and semi-persistent SRS, periodicity and offset of the SRS resource in the candidate cell is pre-configured. To trigger aperiodic SRS transmission, the following methods can be considered:
· Alt1: Use traditional DCI format 0_1 with additional PCI included in SRS-ResourceSet.
· Alt2: Introduce candidate cell index/indicator in the triggering DCI format 0_1.
· Alt3: New MAC CE is designed to include aperiodicSRS-ResourceTrigger/SRS-ResourceSet with candidate cell index.
Proposal 8: In SRS based TA acquisition of the candidate cell, the following mechanisms can be considered to determine the beam used for SRS transmission:
· Alt1: SS/PBCH block receiving beam to obtain MIB.
· Alt2: Activated spatial relation configured by SRS-SpatialRelationInfo.
Proposal 9: To determine the SRS transmission power in SRS based TA acquisition of the candidate cell, PL-RS can be CSI-RS/SSB included in the PathlossReferenceRS-Config configured in SRS-ResourceSet or PSS/SSS of the candidate cell. 
Proposal 10: The close loop power control of SRS can be achieved by the TPC field in DCI with candidate cell index. Close loop power control parameter srs-PowerControlAdjustmentStates is configured and set to be separateClosedLoop to indicate the SRS power control setting is independent of those of PUSCH considering there is no PUSCH transmission at this time. 
Observation 2: Whether two TA(s)/TAG(s) for a candidate cell can be configured depends on whether multi-DCI based multi-TRP is considered in L1/L2 mobility.
Proposal 11: For TA management in L1/L2 based mobility, support at least one of the candidate cells can be associated with 1 acquired TA/TAG other than the TA/TAG used for the serving cell
· The maximal number of TA/TAG associated with candidate cell(s) depends on UE capability.
· FFS: whether two TA(s)/TAG(s) for a candidate cell can be configured.
· Note1: for STRP operation, more than 1 TA/TAG per candidate cell is not needed
· Note2: it can be separately discussed regarding whether the TA/TAG of candidate cell(s) is indicated before or by the received cell switch command
Proposal 12: For the association between TA and candidate cell, slightly prefer Alt1 for its simplicity, i.e., associate TA/TAG and candidate cell implicitly, e.g., the association between TA/TAG and TCI states can be configured. 
Proposal 13: Regarding the TA indication time, consider the following alternatives:
· Alt1: TA indication before cell switch command.
· Alt2: TA indication included in cell switch command.
· Alt3: TA indication after cell switch command.
Proposal 14: Regarding the TA/TAG indication signaling, the following alternatives can be considered:
· Alt1: MAC RAR is used to indicate TA/TAG of the candidate cell.
· Alt2: MAC CE is considered by introducing candidate cell indicator in the traditional MAC CE or a new designed MAC CE like handover MAC CE, the association between PCI and candidate cell indicator can be configured by RRC.
Proposal 15:  Uplink reference signal, e.g. SRS can be used to detect TA for TA updating.
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