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Introduction

 [AT122][003][TEI18] Inter-freq Measurements (CMCC)
Similar issue has been brought up earlier and it seems there may be interest to resolve something.
      Scope: Collect comments one round, 
1: to clarify the issue(s) that are desired to be resolved, 
      2: the needed scope of 3GPP work/discussions to address the issue (s) ..
      Intended outcome: Brief Report, paving the way to make go/nogo decision for this in the scope of TEI18.
                           Deadline: Tuesday 2023-5-23 1700 KST (CB Wednesday)
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Discussion
In RAN2#122 meeting, R2-2305774 [1] raised the issue of unpredictable measurement sequence for inter-frequency measurement reporting. 
Issue description: When UE is configured with MeasConfig IE containing a list of measID to perform several inter-frequency measurements. The measure sequence of inter-frequency is left to UE implementation. It is observed that when the first measured frequency satisfies the event condition for measurement reporting, UE will immediately report the measurement of the first measured frequency and not wait for the measurement of other frequencies. In such case, network has no idea of channel quality of other frequencies, so network can only handover the UE to that frequency. Especially for the example of handover from NR to LTE for VoLTE fallback, as described in [1], the first measured and first reported frequency may not be the frequency that is dedicated optimized for VoLTE and may cause voice drop.
Therefore, the observation is that the unpredictable sequence of inter-frequency measurement and reporting results to the UE handover to an unexpected frequency. 
Q1: Do you agree that the issue exist, i.e., the issue of unpredictable measurement sequence for inter-frequency measurement reporting? Or in case there is any other related issue, please also share in the comments.
	Company
	Yes/No
	Comments

	BT
	Yes
	The fact that network does not know the inter-frequencies measurements done by the UE introduces an unnecessary delay. Network may need to wait for prioritized frequencies to be reported if those frequencies are not reported. 

	China Telecom
	Yes
	

	CATT
	Yes
	

	Verizon
	Yes
	Unpredictable measurement sequence for inter-frequency measurements may result in UE handover to non-optimized frequency or unnecessary delays

	MediaTek
	Clarification is needed
	We would like to clarify that “measurement order” does not equal to “reporting order”. The UE need multiple samples to get a stable measurement result and it will report whenever the quality meets the reporting criteria. 
Let’s say UE has to measure three frequencies - freq. A, freq. B, freq. C. Changing measurement sequence from {A, B, C, A, B, C, A, B, C ……} to {C, B, A, C, B, A, C, B, A, …….} will almost have no impact on early reporting to freq. C. It still highly possible that the UE will reporting freq. A if the quality of A is slightly better than freq. C. 
Unless the UE always measurement high-priority frequency, there is no guarantee to report first frequency first. But we really wonder is the intention to have strict priority? 

	Samsung
	See comments
	We tend to agree with the issue, but network has an option to configure periodic measurement reporting, if needed. 
We are also not sure whether the change of measurement order resolves the issue i.e. it does not guarantee that the first measured frequency leads to measurement reporting earlier. As mentioned by MediaTek, it would be good to clarify whether this is the real intent. 
Based on the contribution, we understand that the issue is related with inter-RAT (e.g. LTE) measurement reporting only. We are not sure if same issue on NR frequency is also critical.  

	China Unicom
	Yes
	It indeed introduce some unexpected issue when the UE randomly report the first measured frequency that meet the condition, which may not be the best choice when there are multiple conditional frequency that can be reported.

	Vodafone
	Yes
	We support the intention. The exact mechanism can be discussed more in details. I think it the issue is for interRAT and inter-Frequency case, but I think it is good to confirm it

	vivo
	Maybe 
	The UE will do measurement based on RAN4 requirement, RAN4 has introduced the concurrent gap in R17, it means that it is allowed to configure the dedicated gap for specific frequency, we think this mechanism have given measurement priority for specific frequency. 
 We should involve RAN4 firstly to confirm if the concurrent gap have solve this problem already. 



	Ericsson
	Yes
	The issue is valid, and it seems to have an impact on the network performance. The UE indeed can be handed over to a frequency that is not good, and the handover may even fail.

	CMCC
	Yes
	We confirm the issue is common for both inter-RAT and inter-frequency measurement. When a MO or MT voice call is launched, if VoNR is deployed, network would high priority to HO UE to VoNR frequency. If VoNR is not deployed, network would high priority to HO UE to VoLTE frequency. And the HO is based on the event triggered measurement reporting.
Regarding to MediaTek’s comments, we agree the measure order is different from report order. But, we think one way is to measure in the order of {C, C, C, B, B, B, A, A, A, }, this can guarantee C will be report first if C satisfy reporting criteria.
Regarding to Samsung’s comment of using periodical measurement reporting, I am afraid that this cannot address the issue of HO caused by voice call, since in such delay critical case only event trggered MR can be configured. In addition, periodical MR is rarely used in real network, because of too heavy UL signalling load to the network.
Regarding to R17 concurrent gap, a UE can be configured with at most two measurement gaps, each gap associated with 1 or more MOs. If we associate Frequency A with gap1, and associate Freq B/C with gap2, as long as the measurement sequence for Freq B and Freq C is left to UE implementation, there is still possibility that Freq B may be reported firstly.

	ZTE
	Yes with comment
	We agree there is requirement of prioritizing specific frequency in measurement reporting, so the network can trigger handover towards the most preferred frequency. 
We also think the order of measurement sequence not always implies the same order of measurement reporting. In our understanding, this is mainly useful for load balance or voice fallback in which all measured frequencies already satisfy the criterion when the MeasConfig is received and with the same TTT, so the first measured frequency can be reported first. It may not be helpful for coverage-based handover, but seems coverage-based handover is not the main use case that to be considered in this enhancement.

	Apple
	See comments
	We do acknowledge the issue when too many frequencies are configured for UE. That is why we had a contribution in R2-2207938. The previous conclusion in RAN2 around that contribution is “No further discussion for R17 (chair think the proponents should bring this to plenary if there is a real problem to resolve)”. The arguments were this involves RAN4 work thus should not be covered in TEI.

	Qualcomm Inc
	Yes with comment
	Indeed, it’s a bit challenging when UE is configured with large number of frequencies to measure to ensure best cell is reported, given the time constraints imposed by the mobility state of the UE.
To ensure the solution is feasible without introducing complexity, we suggest that the solution would be along the line of “network provides recommended priority order for the configured MOs, and it’s up to the UE how to benefit from this recommendation” in similar fashion as the priority provided in the SIB messages for reselection. By doing so we will avoid having RAN4 requirements and avoid complicating the feature by discussing details such as measurement priority vs reporting priority. 

	Huawei, HiSilicon
	Yes
	But we think the solution should not be too restrictive for UE to implement and should have minimum RAN4 impacts.



Q2: Do you support to work out a solution to address the issue in TEI18?
	Company
	Yes/No
	Comments

	BT
	Yes
	

	China Telecom
	Yes
	

	CATT
	Yes
	

	Verizon
	Yes
	

	MediaTek
	Postpone
	We have some sympathy on the motivation but think it is not so easy to find a solution in TEI. We prefer to address this in R19 WI in a proper way.

	Samsung
	Depends
	We are open to discuss potential solutions (not limited to solutions in the contribtion) if it will lead to RAN2 specification impact only. Otherwise, we suggest to address this in R19 WI as MediaTek commented.  

	China Unicom
	Yes
	From operator’s perspective, a specified solution in Rel-18 will have benefits for the network.

	Vodafone
	Yes
	

	vivo
	depend
	See comments in Q1

	Ericsson
	Yes
	

	CMCC
	Yes
	Considering R19 will be finalized in two years later and this is an urgent issue that is observed by so many operators around the world, we suggest to have a solution for Rel-18.

	ZTE
	Yes
	

	Apple
	See comments
	Answer to this question depends on the solution RAN2 selects, see Q3.

	Qualcomm Inc
	Conditioned
	If proposed solution is simple and does not impose specific UE implementation constrains. Check Q1 for details. 

	Huawei, HiSilicon
	See comments
	Depends on the specific solution.
It’s uneasy for the NW to set an appropriate priority for the UE, especially considering that the reference signals on different frequencies may have different periodicities and it is likely that in a specific gap occasion only the low-priority frequency reference signals arrive.



To address the issue in TEI18, the scope of work needs to be minimized and manageable. The following question is to invite companies to share views on the scope of work to address this issue.
Q3: If you agree to address the issue in TEI18, what is the scope of 3GPP work to address the issue? 
	Company
	Comments

	BT
	Ideally, network should be capable to indicate the specific order in which frequencies will be measured by the UE.
The minimum is that once UE reports inter-frequency, inter-RAT measurements, UE also reports to network which frequencies have been measured.

	CATT
	We prefer to study to restrict the priority of measurement frequency, the frequency with high priority could be reported as soon as possible.

	Verizon
	Network indication of priority of measurement frequencies and corresponding UE behaviour to measure/report in priority order

	MediaTek
	If there is intention to do something in R2 TEI-18, we think it should be limited to R2 scope (e.g. changing the report behavior). Changing the measurement behavior (defined by R4) in R2 is inappropriate.
For R2-based solution, we can try to have some new reporting criterial. For example, new event defined as one frequency (low-priority) is higher than a threshold and the other frequency (high-priority) is lower than another threshold.

	Samsung
	Agree with MediaTek that we need to ensure any potential solution is impacted to RAN2 specification only i.e. we should NOT increase any RAN4 workload. 

	Vodafone
	I think it is in scope of 3gpp to provide a mechanism which would allow for the operator to handover the UEs to the Frequencies it intends to handover. I agree with BT. It might also be good to separate measurements from the reporting and discuss it separately.

	vivo
	depend

	Ericsson
	Our wish is in line with BT’s comment. 

	CMCC
	Generally, we are open to discuss the solutions. For instance, a RAN2 centric solution and see if RAN4 impact can be minimized.

	ZTE
	We are supportive of the enhancement in TEI-18, if we want to finish it in TEI18, it is better to limit the work in RAN2.

	Apple
	We share the comment from BT and MediaTek that if anything to be introduced, probably we need to limit the work in RAN2.
We are open for such technical discussions.

	Qualcomm Inc
	Aligned with the opinion of limiting the work to RAN2 … suggest solution is network to provide a priority list and it’s up to the UE to take advantage of this info (as it’s the case in Reselection procedure)

	Huawei, HiSilicon
	We think one solution is to let the UE report all obtained measurement results in a periodic manner (the NW implementation can set such periodicity).




Summary
The following proposals can be taken as starting point for online discussion.
(13/15) Proposal 1: RAN2 confirm the issue of unpredictable reporting sequence for inter-frequency and inter-RAT measurement reporting is valid. It may result in UE handover to non-optimized frequency or unnecessary delays.
(12/15) Proposal 2: RAN2 will try to address this issue in TEI18, as long as the solution only has RAN2 specification impact. FFS if minimum RAN4 impact is acceptable.
Proposal 3: The following candidate approaches can be taken as starting point for discussion (other solutions are not precluded):
· Option 1: Network provides the sequence of MeasId, and UE measures and evaluates each frequency one by one.
· Option 2: Network provides recommended priority order for the configured MeasObject or MeasId.
· Option 3: Introducing new reporting event, i.e., one frequency (low-priority) is higher than a threshold and the other frequency (high-priority) is lower than another threshold.
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