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[bookmark: _Toc116995841]Introduction
In the last RAN4 meeting it was left open whether to introduce UE bases TA estimation requirements in Rel-18.
	Sub-topic 1-3 UE based TA measurement
Issue 1-3-1: Whether and how to define timing requirements for UE based TA measurement
<Way Forward >: 
· Option a: MTK, QC, Apple, ZTE, OPPO, Xiaomi
· Not to define requirements for UE based TA measurement in R18
· Option b: CMCC, vivo
· define timing requirements for UE-based TA measurement, and the timing requirements introduced for UE based TA measurement in R18 positioning WI can be reused. NW can enable this feature when cells are well synchronized.




In this contribution we discuss Network and RAN4 impact of UE based TA estimation. Whether the requirements for the feature are to be introduced as part of Rel-18 maintenance, or in later releases, is up to RAN4 group to decide.
UE based TA measurement. 
Work item is now closed, and to be fully operational, UE based TA measurements would need new core requirements. From our point of view, it is ok not to define requirements in Rel-18 maintenance. However, if the requirements for the feature are defined in Rel-18, there are in our view multiple critical issues from the network point of view that need to be addressed before closing the WI. These are discussed in detail in the following sections.  
[bookmark: _Toc159272067]WI is closed, and UE based TA measurements would need new core requirements for the feature to be operational. 
[bookmark: _Toc159272068]It is ok not to define requirements for UE based TA measurement in R18 but discussions about no interruptions and transmit timing is still needed. 
I. [bookmark: _Toc159272069]If the requirements are to be introduced in rel-18, at least the issues listed in this contribution need to be taken into account (RSes, TA acquisition delay, etc.) 
No Interruptions due to UE based TA measurement.
In Rel-18, UE based TA measurements were discussed in the context of LTM, and many of the details were left up to UE implementation. From the measurement point of view, LTM supports only SSB based L1-RSRP measurements. Therefore, we expect UE to use those for UE based TA measurement. One of the concerns from the network side is whether the UE based TA measurement causes unspecified interruptions. We see two main scenarios: 
· When L1-RSRP measurements are configured without gaps, and the inter-frequency cell’s SSB is completely contained in the DL active BWP, the UE shall be able to perform L1-RSRP measurements based on the configured SSB resource for L1-RSRP computation. In this case, no interruption is needed because contained in BWP. 
· When measurement gaps are provided, the UE shall be able to perform inter-frequency L1-RSRP measurements of SSBs from inter-frequency neighbour cells. In this case, as gaps are provided, there is no need for interruptions. 
[bookmark: _Toc159272070]SSB based L1-RSRP measurements specified for LTM do not cause interruptions. Therefore, UE based TA measurements shall not cause interruptions either. 
In general, this feature shall not cause any impact to the network, including interruptions. 
[bookmark: _Toc158893250][bookmark: _Toc159272071]Any UE based TA measurements shall not cause any impact to the network, for example, interruptions. 
Existing Transmit timing accuracy requirements apply
Another concern from the network side is transmit timing accuracy. RAN4 has previously agreed the following: 
	Issue 1-7-1: transmit timing accuracy
< Agreement >: 
Transmit timing accuracy requirements for any uplink transmission after cell switch should follow existing requirements.




As per above agreement, if UE is using UE based TA measurements, it shall not deviate from the existing requirements for any uplink transmission. 
[bookmark: _Toc159272072]When UE based TA measurements are used, existing transmit timing accuracy requirements shall apply. 
UE Feature group 
With the current RAN1/RAN2 design, UE-based TA measurements can be configured for one or more candidate cells. The network needs to know for how many cells it can configure the UE based TA measurements simultaneously, therefore RAN1 introduced a capability for maximum number of candidate cells that the UE maintains the TA for. 
	45. NR_Mob_enh2
	45-6
	UE-based TA measurement 
	1. Support of UE-based TA measurement
2. Maximum number of candidate cells that the UE maintains the TA for
	Component 2 candidate values: {1,2,3,4,5,6,7,8}
	Optional with capability signalling


Table 1: UE based TA measurement capability based on R1-2312572
RAN1 has defined the maximum number of candidate cells that the UE maintains the TA for as {1,2,3,4,5,6,7,8}. Therefore, those can be included in the UE based TA capability signalling. 
[bookmark: _Toc159272073]Candidate values for maximum number of candidate cells to maintain is {1,2,3,4,5,6,7,8}.
[bookmark: _Toc159272074]RAN4 to select maximum number of candidate cells the UE maintains TA for: {1, 2, 3, 4, 5, 6, 7, 8}. 
Reference signals to use.
RAN2 agreements related to UE based TA measurement are: 
	· The UE performs TA measurements for candidate cell(s) after configured by RRC
· R2 assumes that the exact time the UE performs TA measurement is up to UE impl (no need to specify in R2 TS)
· Procedure assumptions: At LTM cell switch: UE uses TA from the network if it is provided (target TA or TA=0 or TA=same as src). If not provided and the UE is configured for UE based TA, then UE based TA is used. If the UE does not have/cannot derive the TA for target, the cell switch uses RACH. (FFS if more details need to be considered). 
· Regardless if the UE is configured for UE based TA, the UE follows PDCCH-order, including requests to do RACH towards cand cells, for which the UE could derive the TA by itself. 
· Regardless if the UE has performed RACH towards cand cell, the UE will follow configuration for UE based TA, if configured.




Summarizing the RAN2 agreements, the scenario in which the UE estimated TA is used is when the UE is configured with UE based TA for a candidate cell and the network did not include TA (acquired through PDCCH ordered RACH, TA=0 or TA=serving cell TA) in the cell switch command. 
What is left open is the case when the UE does not have, or cannot derive the TA for the target cell. In this case the cell switch should use RACH. However, RAN2 left it completely up to UE implementation when to perform UE based TA estimation, which means that it is not clear to the network whether the UE has the TA estimated at the time of cell switch command or not. RAN2 did also not agree which measurements the UE is expected to use for UE based TA estimation. 
[bookmark: _Toc159272075]It is not visible to the network when, and based on which measurements, the UE performs UE based TA estimation.
[bookmark: _Toc159272076] RAN4 should discuss which measurements are expected to be used when performing UE based TA measurements. 
TA acquisition time for UE based TA measurements.
From the network point of view, the network does not know how long TA acquisition takes. To be able to know when to transmit the cell switch command, there is a need for acquisition time. 
For example, to avoid a situation where the UE has failed to perform UE based TA estimation and cell switch needs to therefore become RACH-based, RAN4 should discuss under which circumstances UE can be expected to have performed UE based TA. Here we think a minimum would be to clarify how long it takes for the UE to perform UE based TA estimation after receiving the RRC configuration. The reference time may be derived with respect to the reception of RRC configuration containing the LTM configuration, enabling the UE-based TA measurement for a candidate cell.
[bookmark: _Toc159272077]Without the information on how long TA acquisition takes, the network will not know when it can send the cell switch command with the assumption that the UE has the TA. 
[bookmark: _Toc159272078][bookmark: _Toc158648605][bookmark: _Toc158648606][bookmark: _Toc158648607][bookmark: _Toc158648608][bookmark: _Toc158648609][bookmark: _Toc158648610][bookmark: _Toc158648611][bookmark: _Toc158648612][bookmark: _Toc158648613]RAN4 need to discuss how long the acquisition of the UE based TA takes after LTM candidate cell configuration, to the point where UE is expected to have estimated the TA.
Last but not least, RAN4 should discuss timing requirements for the UE estimated TA and how to verify that the UE estimated TA is accurate enough.
[bookmark: _Toc159272079][bookmark: _Toc158648622][bookmark: _Toc158648623][bookmark: _Toc158648624][bookmark: _Toc158648625][bookmark: _Toc158648626]RAN4 should discuss requirements for the accuracy of the UE estimated TA.
[bookmark: _Toc116995848]


Conclusion
In this contribution we have made the following proposals and observations:
[bookmark: _Toc116995849]The following Observations and Proposals were made:
Observation 1: WI is closed, and UE based TA measurements would need new core requirements for the feature to be operational.
Proposal 1: It is ok not to define requirements for UE based TA measurement in R18 but discussions about no interruptions and transmit timing is still needed.
I.	If the requirements are to be introduced in rel-18, at least the issues listed in this contribution need to be taken into account (RSes, TA acquisition delay, etc.)
Observation 2: SSB based L1-RSRP measurements specified for LTM do not cause interruptions. Therefore, UE based TA measurements shall not cause interruptions either.
Proposal 2: Any UE based TA measurements shall not cause any impact to the network, for example, interruptions.
Proposal 3: When UE based TA measurements are used, existing transmit timing accuracy requirements shall apply.
Observation 3: Candidate values for maximum number of candidate cells to maintain is {1,2,3,4,5,6,7,8}.
Proposal 4: RAN4 to select maximum number of candidate cells the UE maintains TA for: {1, 2, 3, 4, 5, 6, 7, 8}.
Observation 4: It is not visible to the network when, and based on which measurements, the UE performs UE based TA estimation.
Proposal 5: RAN4 should discuss which measurements are expected to be used when performing UE based TA measurements.
Observation 5: Without the information on how long TA acquisition takes, the network will not know when it can send the cell switch command with the assumption that the UE has the TA.
Proposal 6: RAN4 need to discuss how long the acquisition of the UE based TA takes after LTM candidate cell configuration, to the point where UE is expected to have estimated the TA.
Proposal 7: RAN4 should discuss requirements for the accuracy of the UE estimated TA.
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