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In RAN#101-e meeting following agreements were made on Rx/Tx timing delay mitigation issues [1].# Clarification about “DL measurement” in the definition of UE Rx TEGs.
	Agreements:
· Based on RAN1 agreements, for a RSTD measurement, reference cell and target cell measurements can be associated with different TEGs.
# Whether to define timing error grouping method or criteria in RAN4?
Agreements:
· How to group timing errors can be left to UE/TRP implementation itself. 
· No method or UE/TRP behaviour regarding how to group the measurements or transmissions to TEGs should be defined in the spec. 
# Whether to define the timing error margins associated with TEGs in RAN4.
Agreements:
· It is within RAN4 scope to recommend feasible values for timing error margins associated with TEGs. 

# Testing requirements for verifying the timing error mitigation.
Agreements: 
· The RRM requirements including testability of TEG framework, if needed, should be discussed after the TEG framework is clearer. 
# UE and TRP behaviours that need to be discussed and specified in RAN4.
Agreements: 
· The UE and TRP behaviours definition is out of RAN4 scope and should wait for the outcome of other WGs. 




























Following the agreements, open issues on Rx/Tx timing delay migration were identified as below [1].# How many timing error margins associated with TEGs to be defined per UE/TRP?
Open issue:
· Option 1: Multiple timing error margins per UE/TRP
· Option 2: A single timing error margin associated with all TEGs per UE/TRP.
· Option 3: Define two margin values for the UE Rx TEG for different time scopes:
· Value 1: X, valid for all measurements in the same measurement report.
· Value 2: Y (< X), valid for measurements associated with same time stamp.
· The value of X and Y may be dependent on PRS BW and FR.
# How to define timing error margins associated with TEGs for UE/TRP?
Open issue:
· Option 1: NW configures fixed timing error margins to UE/TRP.
· Option 2: UE/TRP configures the timing error margins itself based on its implementation.
· Option 3: Fixed in the spec.
# Whether to define time-variant (semi-static or dynamic) TEGs?
Open issue:
· Option 1: The timing error can be time variant but TEG is up to UE implementation, i.e., there is no need to consider time variant of TEG.
· Option 2: A UE/TRP should be able to configure TEGs semi-statically during an arbitrary period of time determined by the UE/TRP and signaled to the LMF. The UE/TRP could signal a TEG reset or send a new TEG configuration to override the previous one.
· Option 3: Whether the time variant TEG is necessary can be FFS. The static TEG within a specific time window can be taken as the start point.
· Option 4: Temporal TEG validity is up to implementation assuming that TEG association is based on a per measurement report basis. 
· FFS: Indication of temporal validity of TEGs and how to treat measurement reports when a change in TEG association is observed in accordance with future RAN1 outcome
· FFS: Impact of time variance of TEGs when defining useful TEG timing error margins.
· Option 5: 	If the timing error is known and semi-static or static, gNB TX and RX chain can mitigate it by gNB implementation internally. gNB does not need to report semi-static or static TEG to an external unit (LMF).
# The impact of Rx TEGs on measurement requirements and accuracy requirements.
Open issue:
· Option 1: RAN4 should introduce enhanced absolute measurement accuracy requirements for RSTD measurements for which the target and reference TRPs are associated with the same Rx TEG. 
· Option 2: RAN4 concludes no impacts on core requirements from the TEG framework. RAN4 to discuss the following in the Performance part
· the margin value for the UE Rx TEG, and 
· whether and how to define accuracy requirements for the TEG framework.
· Option 3: Whether the requirements on TEG reporting needed is up to TEG based on static or non-static way. 
· Option 4: FFS until the timing error grouping method and timing error margins are agreed. 
# How to report transmission/measurements which cannot be associated with any TEG.
Open issue:
· Option 1: Allow TRP/UE to have a configurable TEG which does not impose timing error margin requirements.
· Option 2: Allow TEG association in measurement report to be optional
· Option 3: It is RAN1/2 scope. 









# Temporal TEG validity is up to implementation assuming that TEG association is based on a per measurement report basis
# FFS: Indication of temporal validity of TEGs and how to treat measurement reports when a change in TEG association is observed in accordance with future RAN1 outcome
# FFS: Impact of time variance of TEGs when defining useful TEG timing error margins























In this contribution we present our views on the remaining open issues.
Discussion
Number of timing error margins associated with TEGs
RAN4 have identified three options on number of timing error margins associated with TEGs for further discussion. Based on RAN1 agreement there are three TEG types and RAN4, based on the agreement in RAN4#101-e, should define number for timing error margins that are applicable to all TEG types (Rx TEG, Tx TEG, and RxTx TEG). Since option 2 mandates single timing error margin, it is not enough to capture margin requirements for all TEG types. Option 1 addresses a need for multiple timing error margins without clarifying on how margins will be used. Therefore, in our point of view, option 3 is better formulated to capture both margin requirement for Rx TEG and how the margins will be used.
1. Define two margin values for UE Rx TEG for different time scopes: 
Value 1: X, valid for all measurements in the same measurement report. 
Value 2: Y (< X), valid for measurements associated with same time stamp. 
The value of X and Y are FFS and may be dependent on PRS BW and FR.
Moreover, RAN4 should also define number of timing error margins values also for UE Tx TEG. For RxTx TEG, a margin can then be derived using Rx and Tx TEG margins.
Define number of timing error margins associated with UE Tx TEG.
Timing error margins associated with TEGs
In RAN4#101-e it was agreed that recommending feasible values for timing error margins associated with TEGs is within RAN4 scope. Furthermore, three options on how to define timing error margins associated with TEGs were identified for further discussion. 
Based on RAN1 agreement, UE can report TEG ID associated to the measurements/transmissions to the network. Therefore, to realize option 1, an additional signalling that allows UE to report its implementation to the network before network can configure/suggest an appropriate margin to be associated with TEGs is needed. Different to this, option 2 considers implementation based approach and it is up to UE to configure its own timing error margins. In order to effectively mitigate Rx/Tx timing error, it is important that the timing error margins accommodate all possible implementations that have an impact on clock drift factors. To overcome this issue in our point of view timing error margins associated with TEGs should be fixed in the spec.
Timing error margins fixed in the spec.
Time variation of TEGs
Time variation of TEGs shall be based on TEG type. For Rx TEG, it can be upto implementation and TEG association to the measurements are reported to the network.
Temporal Rx TEG validity is up to implementation assuming that Rx TEG association is based on a per measurement report basis.
For UE Tx TEG, temporal validity can be associated to the change in UL transmission time. If the UE UL transmission timing changes due to the network-configured timing advance command, then Tx TEG association is considered changed and the temporal validity of previous Tx TEG is considered expired. Furthermore, temporal validity of UE RxTx TEG can be associated to the change in antenna panel used for Rx – Tx timing measurement.
Temporal validity of Tx TEG expires when UE UL transmission timing changes due to network configured timing advance.
Temporal validity of UE RxTx TEG can be associated to the change in antenna panel used for Rx – Tx timing measurement.
Impact of Rx TEGs on measurement requirements and accuracy requirements.
Impact of Rx TEGs on measurement and accuracy requirements was left for further discussion. To clarify the implications of Rx TEGs consider the scenario in Figure 1, where the RSTD measurements take the form:

 ,
and  .
 and  are respectively the timing errors for antenna panels (and UE Rx TEG)  and .  is the speed of light. ,  and  are the estimated distances from reference TRP, target TRP1, target TRP2, and target TRP 3, respectively. Furthermore, RSTD difference value can also be calculated using  and : 
.
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[bookmark: _Ref90380779]Figure 1. UE Rx TEG and positioning measurements.
[bookmark: _Toc91152283]We note that the RSTD measurements for which UE Rx TEG association is same for reference and target TRPs, such as , can have a tougher requirement.
[bookmark: _Toc91152284]We note that the difference between two RSTDs that have the same UE Rx TEG association to the respective target TRP, such as  and , can have a tougher requirement.
Based on these observations, we make the following proposals:
Introduce measurement accuracy requirements for RSTD measurements for which UE Rx TEG association is same for both target and reference TRPs.
Introduce measurement accuracy requirements for difference between two RSTDs that have the same UE Rx TEG association to the respective target TRP. 
Similar to UE Rx TEG, UE Tx TEG also has implications on measurement and accuracy requirements. To enable high accuracy UL-TDOA positioning, requirements are needed on the difference in transmission timing between SRS transmissions performed with the same or different UE Tx TEGs.
Introduce measurement accuracy requirements for timing difference between SRS transmissions performed with same or different UE Tx TEGs.
Report of measurement without TEG association
Based on RAN1 agreement, only UEs with more than 1 TEG report measurement association with TEGs to the network. For UEs with 1 TEG, TEG association in measurement report can be made optional.
Allow TEG association in measurement report to be optional.
Change of Tx TEG association
In RAN WG1 meeting #107-e, support for serving gNB to request a UE to provide its Tx TEG association with UL SRS for positioning was agreed for UL-TDOA. A similar support for Multi-RTT positioning method has also been agreed where LMF can request UE to provide association information of UL SRS resources for positioning with Tx TEGs [2]. In the LS sent by RAN1, a request has been made to RAN4 to provide an input on how to decide when the Tx TEG association is changed. In our understanding, UE schedules its uplink transmission based on the timing advance command received from the network, therefore a change in uplink transmission time shall be considered as the point where UE Tx TEG association changes. This observation also aligns with our proposal on temporal validity of UE Tx TEG and shall be considered as RAN4 input to RAN1 in the LS response. A draft of LS response is provided in the Annex of this contribution.
Tx TEG association is considered changed when UE uplink transmission timing changes due to the network-configured timing advance command.
Conclusion
Based on the discussions, we proposed the following:
1. Define two margin values for UE Rx TEG for different time scopes: 
Value 1: X, valid for all measurements in the same measurement report. 
Value 2: Y (< X), valid for measurements associated with same time stamp. 
The value of X and Y are FFS and may be dependent on PRS BW and FR.
1. Define number of timing error margins associated with UE Tx TEG.
1. Timing error margins fixed in the spec.
1. Temporal Rx TEG validity is up to implementation assuming that Rx TEG association is based on a per measurement report basis.
1. Temporal validity of Tx TEG expires when UE UL transmission timing changes due to network configured timing advance.
1. Temporal validity of UE RxTx TEG can be associated to the change in antenna panel used for Rx – Tx timing measurement.
1. Introduce measurement accuracy requirements for RSTD measurements for which UE Rx TEG association is same for both target and reference TRPs.
1. Introduce measurement accuracy requirements for difference between two RSTDs that have the same UE Rx TEG association to the respective target TRP. 
1. Introduce measurement accuracy requirements for timing difference between SRS transmissions performed with same or different UE Tx TEGs.
1. Allow TEG association in measurement report to be optional.
1. Tx TEG association is considered changed when UE uplink transmission timing changes due to the network-configured timing advance command.
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1. Overall Description:
RAN4 thanks RAN1 for the LS. RAN4 has discussed on how to decide when the UE Tx TEG association changes. Based on the discussion RAN4 would like to provide the following feedback.

RAN4 feedback to RAN1:
In our understanding, UE schedules its uplink SRS transmission based on the timing advance command received from the network. Therefore a change in uplink transmission time shall be considered as a point where UE Tx TEG association changes. 

2. Actions: 

To RAN WG1 group. 

ACTION: 	RAN4 kindly informs RAN1 about decision on when UE Tx TEG association is changed.
 
3. References:
 
4. Date of Next TSG-RAN WG4 Meetings: 

	TSG RAN WG4 Meeting #102-e
	21 Feb – 03 Feb, 2022
	E-Meeting

	TSG RAN WG4 Meeting #103-e
	16 May – 27 May, 2022
	E-Meeting



image1.emf
Panel a

TRP-2

TRP-1

Panel b

REF-TRP

TRP-3


