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1. Introduction
This contribution is a summary of [107-e-NR-XR-04] Email discussion/approval on XR performance evaluation results for mobility submitted under AI 8.14.1. 

Outcome of RAN1 #107-e
R1-2112723 is endorsed in principle, which be incorporated into TR
[bookmark: _GoBack]

Discussion during email

 
	Table 1

	Company
	Comment

	CMCC
	For FR1-FR1 known cell handover, OPPO has medium Y  = 192ms. From our experience, this is a quite large interruption time even for TD-LTE network. Usually it is 40~60ms in our commercial TD-LTE network coz longer than 100ms, users may notice the handover. Maybe OPPO is setting TIU for too long? Thanks.

	 OPPO
	 For FR1-FR1 known cell handover, according to current spec (38.133 and 38.213), I_{TU}  can be any value from {20,30,50,90,170} and T∆ can be the value from {5,10,20,40,80,160}. We pick {minimum, medium, maximum} from these two sets respectively for the evaluation. So for the medium case, Y is based on I_{TU}=90ms and T∆=80ms, along with  Tprocessing=20ms. The value of Y indeed depends on the NW configurations of SSB-to-PRACH asociation period and SMTC periodicity.  Operator can certainly choose other configuration choices to come up with the "mediums" for the derivation of Y. We just pick what is called "medium" mathematically.    

	 MTK
	 In “Table 8  X=99%, PDB=10ms”, our results are captured twice (6 rows); we think only 3 rows need to be kept.

	Moderator1
	@CMCC, OPPO
Thanks for CMCC’s question and OPPO’s clarification. If companies would like to clarify further such cases, maybe we can consider to add some notes for clarifications to the tables. Let’s hear more views if any.
 
@LG
Please directly edit the tables in 11.3, B.1 and B.2 by adding your results, which would be very appreciated.
I will update the observations parts accordingly after that.
 
@MTK
Thanks. I will revise it in the next update.

	Intel
	Perhaps we could clarify “R” as “F/1000” in Note 1 in the table in Section 11.3.1 
Also, it seems ZTE is using the formula for Y < PDB for Y = PDB as well (resulting in non-zero value of N when Y = PDB), and hence, we have slightly different observation N = 0 ~ 0.6 for PDB = 10ms, Y = 0 ~10ms, compared to PDB =15ms, Y = 0 ~ 15ms and PDB = 30ms, Y = 0 ~30ms where N = 0.

	LGE
	For some results, e.g., N values, results seem to be different just because some companies presented the results as integer values while some others as non-integer values. This variation can be simply eliminated by agreeing on the format of the results, which is preferred from our perspective. For example, as N is the average number, it doesn’t have to be an integer value as is our agreement on the mobility evaluation methodology. So, fractional numbers for N values expressed to 1 (or 2) decimal place(s) would be suggested.
 
There are some common observations from the companies contributed to the mobility performance evaluation which are listed below as examples:
1. N increases with the increasing Y.
1. N increases with the increasing F.
1. T increase with the increasing Y.
1. T decreases with the increasing PDB.
1. PER significantly (non-linearly) affects the T.
1. …
Wordings may be slightly different among companies, and therefore are subject to further improvement, but we think they can be captured as observations on top of those already captured in the TR.
 
Lastly, as companies have different estimations on the HO interruption time of each handover scheme and it may be not easy or time consuming to align views from companies, we suggest to capture in the TR the metrics {N, T} for mobility evaluation as a function of the HO interruption time. In this way, later on when we discuss enhancements on the XR mobility performance we can refer to the study results to analyze the gap b/w the mobility performance that can be achieved through a HO scheme with some arbitrary HO interruption time and the mobility performance required by a target XR service, and set the targets for enhancements accordingly.
So, our proposal is as follows:
1. Capture in the TR the metric {N, T} for mobility evaluation as a function of HO interruption time Y.
The range of HO interruption time Y and the granularity can be discussed subsequently.

	Moderator 2
	@Intel
Thanks for the comment. The Note 1 in table of 11.3.1 will be updated accordingly to align with the formula in A.4
Regarding the observations for Y < PDB case, some additional information on how to derive the N could be added in the observations. I will update in the next version.
 
@LGE
Regarding the results of N or T, now they are captured from the contributions from companies. From moderator’s understanding, it is not necessary to align the format of results, since companies can have different understandings on how to derive the results.
 
 

	 Huawei, HiSilicon
	Similar view with Moderator 2.

	 Nokia 2
	 Comment 1:
On notes associated with ZTE results for Y < PDB (Note 1 in Table 10.3.1-1 and Note 2 in Table 10.3.2-1) it is proposed to clarify that these are upper bound results (assuming that all the packets arriving within PDB are lost). This seems to be the easiest way to explain why the results from Source 20 are slightly higher than those from other sources. Hope nobody minds, as this is just a clarification of the assumption made here, which may be not 100% visible for some readers from just a complex formula in the note.
Table 10.3.1-1: Note 1: N = Y* F / 1000 + δ, Y < PDB, where δ = 0 => Note 1: N = Y* F / 1000 + δ, Y < PDB, where δ = 0. Upper bound, assuming all the packets arriving within HO interruption time (Y)PDB are lost.
Table 10.3.2-1: Note 2: T = Y * (100%-PE,op) / (100%-X- PE,op), Y < PDB => Note 2: T = Y * (100%-PE,op) / (100%-X- PE,op), Y < PDB. Upper bound, assuming all the packets arriving within HO interruption time (Y)PDB are lost.


Comment 2:
For the summaries text, the following addition is proposed in green based on the results from Table 10.3.1-1 and Note 2 in Table 10.3.2-1.

In summary, based on the evaluation results, it is identified that for XR applications:
· with a given FPS and a given PDB, N increases with the increase of Y.
· with a given PDB and a given Y, N increases with the increase of FPS.
· with a given FPS and a given Y, N decreases with the increase of PDB.
· with a given FPS and a given PDB, N is the lowest when Y is less than PDB

In summary, based on the evaluation results, it is identified that for XR applications and a given X:
· with a given PE,op and a given PDB, T increases with the increase of Y.
· with a given PE,op and a given Y, T decreases with the increase of PDB.
· with a given PDB and a given Y, with PE,op < 100%-X, T increases with the increase of PE,op.
· with a given PE,op, T is the lowest when Y is less than PDB


	ZTE
	Thank you for the comments. We are fine with the direction of making things clear. And I presume it should be fair that we capture a similar note for the case reported from companies showing T = 0/ N = 0 which is a bit counter intuitive.
What about the following, 
Note: Lower bound, assuming all the packets arriving within HO interruption time are successfully received.
Regarding the question raised, this is related to the figure capured in our paper, copied here for better referencing. It can be observed from this figure as well as the data in appendix that the ratio T/Y which is related to HO type/case exihibits change within the range 0.8-0.99, i.e. up to 20 times vs ratio (P_{E,OP}/PER). 
[image: cid:001000024dc401d538080b8c00001]

	Intel
	For Section 10.3.1, we raised one comment regarding discrepancy of value of N when Y = PDB as follows, but it seems not fully addressed in v1.2.
According to evaluation methodology, N = Y* F / 1000 is valid for Y < PDB. However, it seems to be used for Y = PDB case in the first highlighted observation, resulting in non-zero value of N (N = 0.6).
It should be 0 packets, similar to the other two highlighted observations. Let us know if we are missing anything.


	
	


 
 
==========For non-editorial comments==============
Issue 1: common observations from the companies contributed to the mobility performance evaluation (raised by LGE)
Please provide your comment on issue 1 in this table
	Table 1:

	Company
	Comment

	LGE
	There are some common observations from the companies contributed to the mobility performance evaluation which are listed below as examples:
1. N increases with the increasing Y.
1. N increases with the increasing F.
1. T increase with the increasing Y.
1. T decreases with the increasing PDB.
1. PER significantly (non-linearly) affects the T.
1. …
Wordings may be slightly different among companies, and therefore are subject to further improvement, but we think they can be captured as observations on top of those already captured in the TR.
 

	Moderator1
	LGE proposes to capture some common observations from the companies contributed to the mobility performance evaluation in the observation part.
From moderator’s understanding, these observations could be obvious and straightforward. If companies can reach consensus, such observations could be captured.
Hence, please check the following observations to be captured in the TR are acceptable or not.
 
FL proposal 1.1: Capture the following observations in section 11.3
  For section 11.3.1
  It is identified that for XR application with a given FPS and a given PDB, the number of consecutive XR packets lost due to a HO event N increases with the increase of HO interruption time Y.
  It is identified that for XR application with a given HO interruption time Y and a given PDB, the number of consecutive XR packets lost due to a HO event N increases with the increase of FPS.
  It is identified that for XR application with a given HO interruption time Y and a given FPS, the number of consecutive XR packets lost due to a HO event N decreases with the increase of PDB.
 
  For section 11.3.2
  It is identified that for XR application with a given PE,op and a given PDB, the minimum target time interval between HO events, T increases with the increase of HO interruption time Y.
  It is identified that for XR application with a given HO interruption time Y and a given PE,op, the minimum target time interval between HO events, T decreases with the increase of PDB.
  It is identified that for XR application with a given HO interruption time Y and a given PDB, the minimum target time interval between HO events, T increases with the increase of PE,op.
 

	 Nokia, NSB
	 We don’t mind such general observations to be also made, if desired. We agree with the Moderator that they may be quite obvious for some people (especially, the RAN1 team performing the actual study), however they may be not that straightforward to the potential readers of the TR.

	 MTK
	We are fine to add such general observations.

	Ericsson
	Fine to add general observations.

	Moderator2
	Will include the general observations in the updated draft TR – mobility


 
Issue 2: - Capture in the TR the metric {N, T} for mobility evaluation as a function of HO interruption time Y (raised by LGE)
Please provide your comment on issue 2 in this table
	Table 2:

	Company
	Comment

	LGE
	Lastly, as companies have different estimations on the HO interruption time of each handover scheme and it may be not easy or time consuming to align views from companies, we suggest to capture in the TR the metrics {N, T} for mobility evaluation as a function of the HO interruption time. In this way, later on when we discuss enhancements on the XR mobility performance we can refer to the study results to analyze the gap b/w the mobility performance that can be achieved through a HO scheme with some arbitrary HO interruption time and the mobility performance required by a target XR service, and set the targets for enhancements accordingly.
So, our proposal is as follows:
1. Capture in the TR the metric {N, T} for mobility evaluation as a function of HO interruption time Y.
The range of HO interruption time Y and the granularity can be discussed subsequently.

	Moderator1
	LGE proposes to Capture in the TR the metric {N, T} for mobility evaluation as a function of HO interruption time Y
From moderator’s understanding, the metric {N, T} for mobility evaluation is actually calculated based on HO interruption time Y, see the formula in A.4. I.e. {N, T} is a function of Y. It seems not necessary to explicitly mention that the metric {N, T} for mobility evaluation as a function of HO interruption time Y in the TR.
 
For the range and granularity of Y, as this is the last meeting and companies have already submitted their results, I think it may not be easy to align our understanding. So the better way is to capture the results and observations based on the results from companies.
Companies are welcome to provide their views on this issue.
 

	 Nokia, NSB
	We see that the results from Step 2 of the agreed methodology are well captured in 11.3. However, the agreed methodology has two steps, so we should reflect both in the main part. Following the companies’ results captured in Annex B, we came up with the following formulations of the observations to be made (i.e., in the beginning of Section 11.3) following Step 1 of the agreed evaluation methodology. Please, feel free to propose any better/more complete formulation.
· It is identified from sources (vivo, Nokia, Ericsson, CATT, Intel, <can be more here>) that, depending on the system parameters, the range of Y for Baseline HO is 40ms~480ms, while the typical value (as identified from sources (vivo, Nokia, Ericsson, CATT, Intel, CMCC, <can be more here>) is in the range of 40ms~82ms.
· It is identified from sources (vivo, Nokia, Ericsson, CATT, <can be more here>) that, depending on the system parameters, the range of Y for Conditional HO is 40ms~62ms
· It is identified from sources (Nokia, Ericsson, <can be more here>) that, depending on the system parameters, the range of Y for DAPS is in the order of 2ms.
 
Here, we agree with LG and the Moderator that it may be difficult to come up with a single common value to be used, as it depends on several parameters. The easiest approach is to capture the range for Y. From our understanding, this is considerably better than not reflecting Step 1 of the agreed methodology at all, so that at least some guidance can be provided on the meaning of the numerical values reported later in Section 11.3.

	MTK
	We agree with Moderator1 that the current formulation is already good. Open to hear more views.

	Ericsson
	Agree with moderator1: the current formulation is good enough

	Huawei, HiSilicon
	Agree with moderator1 that the current formulation is good enough.
 
RAN1 does not have enough expertise to discuss details of each HO scheme. So we do not support to capture the Y value for a specific HO scheme.


 

Issue 4: - Capture in the TR the observation on the relationship between T/Y and P_{eop}/PER (raised by ZTE)
Please provide your comment on issue 4 in this table
	Table 4:

	Company
	Comment

	ZTE
	We would like to capture the observations from our TDoc in section 10.3.2 as well on the relationship between T/Y and P_{eop}/PER
 As the ratio of P_{E,OP} to PER increases, the ratio of increase in minimum HO interval time (T) vs. HO interruption time (Y) increase exhibits abrupt change at 0.8~0.99, which is insensitive to PER.
 The abrupt change on the ratio of increase (i..e. up to 20) in minimum HO interval time (T) vs. HO interruption time (Y) increase is not sensitive to PER.


	Moderator1
	It is noted that the observations are from single company. So the proposed observation is revised as.

Possible proposal: Capture the following observations in section 10.3.2 in TR.
· It is observed by Source 20 that as the ratio of PE,op to PER increases, the ratio of increase in T vs. Y increase exhibits abrupt change at 0.8~0.99, which is insensitive to PER.
· It is observed by Source 20 that the abrupt change on the ratio of increase (up to 20ms) in T vs. Y increase is not sensitive to PER.
Company please provide your comment if any

	Nokia, NSB
	Not sure that we fully get the meaning of these proposed observations from just reading their text. it might be that the formulation proposed by ZTE is a bit too complex: 
· As the ratio of P_{E,OP} to PER increases, the ratio of increase in minimum HO interval time (T) vs. HO interruption time (Y) increase exhibits abrupt change at 0.8~0.99, which is insensitive to PER.
· How we try to read this: “As the ratio <1> increases, the increase in another ratio <2> increases exhibits abrupt change at <some level>, which is insensitive to PER” => Sorry, but I am afraid, I don’t get the meaning… If really insisted by the proponents, can a simpler formulation of the same idea be presented for discussion, please?
The same applies to the second bullet.

	LGE
	One of the common observations from more than one companies we proposed to capture in the TR is “PER significantly (non-linearly) affects the T”, which is capture in the TR as follows:
· with a given PDB and a given Y, with PE,op < 100%-X, T increases with the increase of PE,op.
As shown in the figure below (R1-2112069), the T has a non-linear relationship with the PE,op, so it would be more accurate if we make the following changes to the above observation.
· with a given PDB and a given Y, with PE,op < 100%-X, T non-linearly increases with the increase of PE,op.
[image: cid:image001.png@01D7DBFD.AC5E77C0]
[bookmark: _Ref87223410]Figure 1 T vs. PER (outside HO procedure) for AR/VR in DL
With the changes we suggested above, then we would like ask ZTE if there is any additional aspects that needs to be captured in the TR. With the non-linearity b/w T and PE,op captured in the TR as suggested above, perhaps the point ZTE wants to make is now captured as a common observation unless there is a specific reason to put emphasis on a specific range of the curve.
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