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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN4#98bis-e meeting, a reply RS [1] on UE transmit timing error to RAN1 was approved. However, there were different understandings of downlink reference timing in Te requirements. RAN4 agreed to further discuss the reference point definition.
In the RAN4#99-e, RAN4#100-e and RAN4#101-e meetings, there were further discussions on reference point for Te requirements. The related issues and conclusions were captured in WF [2, 3, 4]. 
In the past meetings, we provided our views on the reference downlink timing for Te requirements in [5, 6]. In this contribution, we further provide our views on the reference downlink timing for Te requirements.
2. Discussion
In the last meeting, options for TP for downlink timing definition were proposed and discussed as captured in [4].
	Issue 2-6-1: TP for down timing definition for Rel-17
· Proposals
· Option 1: Clarifying by including ‘at the UE antenna’ as agreed earlier:
· ‘The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell at the UE antenna.’
· Option 2: Clarifying by removing ‘detected’ and including ‘at the UE antenna’ as agreed earlier:
· ‘The downlink timing is defined as the time when the first path (in time) of the corresponding downlink frame is received from the reference cell at the UE antenna.’
· Option 3: clarifying by removing ‘detected’ and use ‘arrives’ instead of ‘is received’ and including ‘at the UE antenna’ as agreed earlier:
· ‘The downlink timing is defined as the time when the first path (in time) of the corresponding downlink frame from the reference cell arrives at the UE antenna.’
· Option 4: Keep current text: 
· [bookmark: _Hlk86237176]‘The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell.’




However, due to diverse views there is no agreements being reached.
Moderator proposed WF for further discussion in this meeting.
	WF for next meeting:
· Companies to consider if Option 1 is agreeable for next meeting:
· ‘The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell at the UE antenna.’
· If agreeable it would be changed from Rel-15.


We fully support the WF proposed by moderator. There are multiple reasons that reference point for Te should be based on ‘first detected path’.
TS 38.133 is mostly a requirements spec for UE. It is described from UE perspective. ‘First path’ is not appropriate to define Te requirements as it is unknown to UE. It is not possible for UE to meet requirements that is not controllable by UE, unless relaxed requirements that covers all scenarios are defined.
However, the Te requirements are derived based on UE ‘first detected path’. Multipath detection error is not taken into consideration for downlink timing detection error in Te. This was also confirmed by several contributions. If ‘first path’ is used, then the applicability of the requirements is changed, i.e., the requirements are only applicable to AWGN and LoS channel, which is undesirable since timing requirements should be generic and should cover NLoS channel which is more typical in practical network.
Furthermore, there is severe issue of Te reference point regarding UE uplink timing autonomous adjustment, if it is based on ‘first path’. The requirements for UE uplink timing autonomous adjustment in TS 38.133 are as follows.
	When the transmission timing error between the UE and the reference timing exceeds Te then the UE is required to adjust its timing to within Te. The reference timing shall be [image: ] before the downlink timing of the reference cell.


UE needs to adjust uplink transmission timing if downlink timing is changed. The adjustment can only be conducted based on UE first detected path because there is no way for UE to know the ‘first path’. After adjustment, UE is required to meet Te requirements. The propagation conditions can change during UE autonomous adjustment. If Te requirements are based on ‘first path’ but UE adjust uplink timing based on UE ‘first detected path’, then UE could fail to meet Te requirements after UE autonomous adjustment.
As for the testability of ‘first detected path’ raised by companies, we don’t think there should be any issue. The LTE system has been deployed and commercialized for more than decade. The LTE timing requirements are based on ‘first detected path’ and UE in the field passed all the necessary conformance tests regarding timing requirements. So, we do believe there is not any testability issue.
On the contrary, if reference point requirements are to be changed to ‘first path’. It changes the requirements and tests need to be designed/updated accordingly. It means new tests are introduced. Then RAN5 has to define new tests for the new requirements. However, we don’t see justification for such change.
In summary, the comparison of definition of reference point of Te can be summarized in Table 1 below.



Table 1. Comparison of definition of reference point of Te
	 
	First detected path
	First path

	Requirement’s applicability
	Static channel, LoS channel, Multipath fading channel
	Static channel, LoS channel maybe

	UE autonomous
adjustment
	UE can always meet autonomous adjustment requirements as it is based on UE first detected path.
	UE could fail to meet autonomous adjustment requirements when in multipath-fading channel or when there is channel variation.

	System impact
	NW does not know the downlink detection error at UE side in fading channel.
	NW does not know the downlink detection error at UE side in fading channel, as there are no applicable requirements.

	Test design feasibility
	Feasible in AWGN channel
Tests has been designed
	Feasible in AWGN channel
Tests need to be revised.

	RAN5 Test
	Already implemented
	New test implementation is needed.


Therefore, we think that definition of Te reference point should be based on UE ‘first detected path’. It is also useful to further clarify that the reference point is at the UE antenna.
Proposal 1: The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell at the UE antenna.
Proposal 2: The change of Te reference point definition is made from Rel-15.

3. Summary
[bookmark: _Hlk23953093]In this contribution, we further provided our views on the reference downlink timing for Te requirements. Based on analysis following observations and proposals are present.
Proposal 1: The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell at the UE antenna.
Proposal 2: The change of Te reference point definition is made from Rel-15.
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