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Introduction
RRM requirements for Rel-17 URLLC/IIOT were discussed in RAN4#99-e, and the outcomes are captured in the WF [1]. In particular, one topic that was extensively discussed but not directly related to the WI is the definition of the reference point for Te requirements. Based on [1] we understand the following open issues are to be further discussed:
· Detected time v.s. arrival time
· Clarification regarding ‘antenna’
In this paper, we will provide our views on the definition of the reference point in Te requirements. 
 Discussion
Detected time v.s. arrival time
	· The reference point/downlink timing refer of the first path at the UE.
· Tentative agreements
· The downlink timing is defined as the time, when the first path in time of the corresponding downlink frame from the reference cell [arrives/is received] at the UE antenna
· Companies are invited to proactively work on the tentative TP from the GTW (listed on page 4) and prepare potential TPs for RAN4#100.
· Companies are invited to share their understanding on the definition of each of the following:
· Detected
· Detectable
· Truly arrived
· And whether this would need to be part of the TP.


In RAN1#104-e, an LS was sent to RAN4 [2] seeking for clarification on the UE transmit timing error (i.e. Te) defined in RAN4 spec 38.133. In RAN4#98-bis-e, a reply LS [3] was sent informing that the DL detection error is already included in Te, but during the discussion, companies had different understandings on the “reference point” in 38.133. 
In [1] RAN1 listed two options of different interpretations of the “reference point” as below:
	· Option 1: downlink frame timing detection error is already included in UE transmit timing error (i.e. Te);
· Interpretation: “the reference point” defined in section 7.1.2 in TS 38.133 for UE transmission timing is [image: ] ahead of “True arrival timing at UE”, and the timing error limit value Te is given taking downlink frame timing detection error into account, as shown in figure 1 as an example.

· Option 2: downlink frame timing detection error is not included in UE transmit timing error (i.e. Te);
· Interpretation: “the reference point” defined in section 7.1.2 in TS 38.133 for UE transmission time is [image: ] ahead of the first path detected by the UE, and the timing error limit value Te is given without consideration of downlink frame timing detection error, as shown in figure 2 as an example.

Note that “arrival time detected by UE” in Figure 1 and Figure 2 refers to the first detected path (in time) of the corresponding downlink frame from the reference cell, as described in Section 7.1 of TS 38.133 V17.0.0.

[image: ]             [image: ]
Figure 1                                                                         Figure 2


The difference between the two options is whether the reference point is based on the arrival timing or the detected timing. In our view, it should be the arrival timing i.e. option 1.
First, we should clarify whether the reference point in clause 7.1.2 of 38.133 is defined for the ideal UL timing, or the actual UL timing.
	The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. 


It can be seen that the reference point is defined for the UE initial transmit timing control requirement, or in other words, for the Te requirements. In our understanding, it should be for the ideal UL timing. 
For comparison, the determination of actual UL timing is described in clause 7.1.1, and it can be seen that the actual UL timing is based on the reception of the first detected path.
	
The uplink frame transmission takes place  before the reception of the first detected path (in time) of the corresponding downlink frame from the reference cell.


It is clear that the reference point for the ideal UL timing and the actual UL timing should be different. If the ideal UL timing is also based on the first detected path, then the DL timing detection error is is not included in Te, as shown in Figure 2 in [1].
Besides, during RAN4#98-bis-e discussion, it was also confirmed by TE vendors that in RRM testing, the actual transmitted UL timing is compared against the transmit timing of the TE. It is noted that in timing accuracy tests AWGN is used, and the propagation time from TE to the UE is negligible, so the ideal UL timing is effectively the arrival time of the first path. This is well aligned with option 1, and also with the intention of the Te requirements. 
In RAN4#99-e discussion, some companies commented that the DL timing detection error may not be fully accounted in Te requirements. The argument was that DL timing detection error includes both the baseband estimation error of the first path and also the timing uncertainty due to limitation of the sampling interval, and Te only accounts for the latter one. While we agree with the observation but we think both were included in Te requirements. 
It is noted that baseband estimation error can become large for propagation channels with large delay spread or with low Es/Iot which was already observed in the Rel-16 positioning simulation, and we understand that although the side conditions for Te requirements are not defined, the Te requirements only apply under certain conditions. As far as normal condition is concerned, we think all he DL timing detection error have been accounted in Te.
Observation 1: The “reference point” in clause 7.1.2 of 38.133 is for “ideal UL timing” instead of “actual UL timing”. If the “reference point” is defined based on “detected path”, then the DL timing detection error is not included in Te.
Observation 2: For testing, the “ideal UL timing” is derived based on transmit timing of TE, which is effectively the arrival time of the first path. 
Observation 3: Both the baseband estimation error of the first path and also the timing uncertainty due to limitation of the sampling interval are accounted in Te requirements.
As to the exact wording, we think the suggestion from moderator in RAN4#99-e is a good starting point. Among “arrives and “is received” we think it is more clear to use “when the first detectable path … arrives”, because “received” is still from UE perspective, and there could still be a difference between when a path arrives and when a path is received, and the latter may still be interpreted as “detected”. 
Clarification regarding ‘antenna’
	· Companies are invited to share their view on whether it should be clarified that the reference point/downlink timing refer to the signal of the first path being received/arrives at the UE antenna.


In our view, the reference point for the Te requirements should be the DL timing at the UE antenna, otherwise the requirements are not testable because TE cannot know when the DL path arrives or is detected at the UE baseband. 
Observation 4: Te requirements are not testable because TE cannot know when the DL path arrives or is detected at the UE baseband.
Text proposal
Based on above discussions, we think the current wording for the reference point in 38.133 is a bit confusing for people outside RAN4 because it is aligned with option 2 in [2], and it is the reason why RAN1 would send LS to clarify the interpretation. To void potential ambiguity, we suggest to update the wording in 38.133.
Proposal 1: Update the definition of the “reference point” in clause 7.1.2 of 38.133 from Rel-15:
“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 arrives at the UE antenna.”
Once the updated wording for 38.133 is agreed, RAN4 should inform it to RAN1. 
Proposal 2: Send LS to inform RAN1 about the updated definition of the “reference point”.
A draft LS to RAN1 is provided in the Annex.
Conclusions
In this paper we provided our views on the definition of the reference point in Te requirements.
Observation 1: The “reference point” in clause 7.1.2 of 38.133 is for “ideal UL timing” instead of “actual UL timing”. If the “reference point” is defined based on “detected path”, then the DL timing detection error is not included in Te.
Observation 2: For testing, the “ideal UL timing” is derived based on transmit timing of TE, which is effectively the arrival time of the first path. 
Observation 3: Both the baseband estimation error of the first path and also the timing uncertainty due to limitation of the sampling interval are accounted in Te requirements.
Observation 4: Te requirements are not testable because TE cannot know when the DL path arrives or is detected at the UE baseband.
Proposal 1: Update the definition of the “reference point” in clause 7.1.2 of 38.133 from Rel-15:
“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 arrives at the UE antenna.”
Proposal 2: Send LS to inform RAN1 about the updated definition of the “reference point”.
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1. Overall Description:
In R4-2105850, RAN4 indicated that RAN4 will further discuss the reference point definition in the future to clarify the term.

Based on discussions in RAN4#99-e, RAN4 reached consensus to update the reference point definition in clause 7.1.2 of 38.133 as follows:
“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 arrives at the UE antenna.”


2. Actions:
To RAN1:
RAN4 respectfully asks RAN1 to take the above information into account. 

3. Date of Next TSG-RAN4 Meetings:
TSG-RAN4 Meeting #101-e		  	    01 – 12 November, 2021
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