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Introduction
In RAN1#109-e meeting, one contribution [1, MTK] is submitted to clarify the NR RSRQ definition in 38.215. 
As guided by the Chairman, this contribution provides summary of the submitted contributions (Section 5), phase 1 discussion points (Section 2), phase 2 discussion points (Section 3), and possible RAN1 consensus during this meeting (Section 4, TBD).
[109-e-NR-CRs-11] Maintenance of Rel-15 RSRQ definition – James (MTK)
· Check point on May 11 to see if there is consensus for spec change or conclusion
· Relevant tdoc: R1-2204681
Discussion points (phase 1 discussion until 10-May)
[bookmark: _Hlk54027001]Based on the submitted contribution [1, MTK], it is mentioned that
· For LTE system, RSRQ is defined as the ratio of 
N×RSRP / (E-UTRA carrier RSSI), 
where N is the number of RB's of the E-UTRA carrier RSSI measurement bandwidth.
· the numerator and denominator will always be measured based on almost the same time span
· >= -10dB RSRQ corresponds to very good channel quality
[image: ]
https://www.digi.com/support/knowledge-base/understanding-lte-signal-strength-values 
· For NR system, RSRQ evaluation rules in different scenarios are specified in TS38.215 5.1.3. RSRQ is defined as the ratio of 
N×SS-RSRP / (NR carrier RSSI)
· If the IE measurementSlots is NOT indicated by higher layers:
· NR Carrier RSSI is measured from OFDM symbols within SMTC window duration
· In this case, the numerator and denominator might NOT be measured based on the same time span

Take the following Figure 1 where “there is only one SSB inside the SMTC window” for ease of illustration:
[image: ]
Figure 1. Example of only one SSB inside the SMTC window
For NR FR2, 120kHz SCS with 5ms SMTC duration, and only one SSB detected by UE, when the IE measurementSlots is NOT indicated, there are two possible methods to calculate the RSRQ according to current spec in TS38.215 5.1.3 as shown in Table I below:

Table I. The RSRQ calculation based on two different methods
[image: ]

From Table I, it can be seen that, when the cell loading is small, the calculated RSRQ based on the two methods can have up to 20dB value difference.

In the preparation phase summary for AI 7.1 during RAN1 #109e [2],
· vivo states that:
· We do observe large difference in calculated NR-RSRQ value among different chipset vendors, probably mainly due to the different implementation on the RSSI measurement window. In case "measurementSlots" is not configured by higher layer, the specification says "NR Carrier RSSI is measured from OFDM symbols within SMTC window duration". However, UE implementation could choose to 1) all OFDM symbols in the SMTC window are to be used to calculate the averaged RSSI, or  2) choose a subset of OFDM symbols (how to choose the subset is implementation specific) for the calculation, which would result in different RSRQ. Would be good to have some discussion for better common understanding.
· Qualcomm states that:
· RSSI measurement is clearly defined in TS 38.215. We don't see the need to align NR RSRQ definition and LTE RSRQ definition. In addition, from our understandings, when measurementSlots is not indicated to the UE, it is up to UE to select resource(s) within the SMTC window for RSSI measurement.
· DOCOMO states that:
· RAN1 made following conclusion at the RAN1#92 meeting.
Conclusion:
It is RAN1 understanding that the selection of resources within the RSSI measurement window to obtain the RSSI measurement is up to UE implementation. UE is expected to meet the RAN4 RSSI requirements.









Discussion point 1:
[bookmark: _Hlk102755537]For NR RSRQ calculation (N×SS-RSRP / (NR carrier RSSI)), according to 38.215 5.1.3 [3], when the IE measurementSlots is NOT indicated, specification says
· [bookmark: _Hlk103098394][bookmark: _Hlk103099486]“NR Carrier RSSI is measured from OFDM symbols within SMTC window duration”
What’s your interpretation for the spec sentence above?
· Interpretation 1: UE uses all OFDM symbols in the SMTC window to calculate the averaged RSSI
· Interpretation 2: UE chooses a subset of OFDM symbols (how to choose the subset is up to UE implementation) to calculate the averaged RSSI
· Interpretation 3: UE uses the SSB symbols to calculate the averaged RSSI
	Company
	Interpretation 1 or 2 or 3
	Comment

	Ericsson
	1
	This is the definition that would enable the most accurate estimation of RSSI. Interpretation 3 is useless in FR2, and interpretation 2 cannot be used to define a RAN4 requirement. 

	Intel
	2
	The RAN4 requirement should be based on interpretation 1. However, it should be understood that if UE can meet the requirements by measuring a subset, it should be considered be a valid implementation (interpretation 4).

	Apple
	1 or 2
	[bookmark: _Hlk103098754][bookmark: _Hlk103102150]Based on our knowledge, RAN4 requirement on RSRQ measurement in TS38.133 is based on interpretation 1. 

	ZTE
	2
	From RAN1 perspective, it is up to UE implementation to select the OFDM symbols within in the SMTC for RSSI measurement as agreed in RAN1#92. The subset of OFDM symbols could be all the OFDM symbols within the SMTC window.

	Qualcomm
	2
	We have the same view as ZTE.

	NTT DOCOMO
	1 or 2
	RAN4 agreed to recommend RAN1 as Interpretation 1, while RAN1 made a conclusion on “RAN1 understanding”. So, it seems unclear how the definition is interpreted in practice.

	vivo
	2
	As agreed in RAN1#92

	Samsung
	2
	In our understanding, as long as RAN4 requirement is fulfilled, it is up to UE to select the OFDM symbols within the SMTC window. Of course, the safest selection would be all OFDM symbols. 

	Nokia, NSB
	1 (in principle)
	The original intent was in our understanding not to say “for some undefined set of the OFDM symbols”, but to mean “all the OFDM symbols”. That said, we recognize the fact that this is not what happened later on, and interpretation 1 is not broadly shared and clarification at this stage would not help when other implementations already seem to exist.

	Huawei, HiSilicon
	1 literally or 2 factually
	From RAN1 specification point of view it can be read as 1 in order to ensure consistent understanding between gNB and UE as usual. However given the later on RAN1 agreements, the text can also be read as Interpretation 2, which, cause possibility of misunderstanding but seems to be intentionally. 

	MTK
	Interpretation 1
	From plain spec text reading, it seems to reflect Interpretation 1.



Discussion point 2:
RAN1 made following conclusion at the RAN1 #92 meeting [4]:
· Conclusion:
[bookmark: _Hlk103095489]It is RAN1 understanding that the selection of resources within the RSSI measurement window to obtain the RSSI measurement is up to UE implementation. UE is expected to meet the RAN4 RSSI requirements.
What’s your interpretation for the RAN1 conclusion above?
· Interpretation 1: UE uses all OFDM symbols in the SMTC window to calculate the averaged RSSI
· [bookmark: _Hlk103095561]Interpretation 2: UE chooses a subset of OFDM symbols (how to choose the subset is up to UE implementation) to calculate the averaged RSSI
· Interpretation 3: UE uses the SSB symbols to calculate the averaged RSSI
	Company
	Interpretation 1 or 2 or 3
	Comment

	Ericsson
	2
	[bookmark: _Hlk103097173][bookmark: _Hlk103095754]The UE may choose any subset, but the RAN4 requirements are based on all.

	Intel
	2
	Same understanding as Ericsson comment.

	Apple
	1 or 2
	

	ZTE
	2
	See the comment for the discussion point 1.

	Qualcomm
	2
	The current spec is clear.

	NTT DOCOMO
	2
	The interpretation for RAN1 conclusion would be clear.

	vivo
	2
	The RAN1 conclusion was clear. 

	Samsung
	2
	In our understanding, as long as RAN4 requirement is fulfilled, it is up to UE to select the OFDM symbols within the SMTC window. 

	Nokia, NSB
	2
	Same understanding as Ericsson. As this is a measurement where a result will include a measurement error, the definition itself is secondary as the implementation is not verifiable. The report accuracy vs. the set performance requirement is the only thing that can be verified.

	Huawei, HiSilicon
	2 
	 

	MTK
	Interpretation 2
	Reading from the RAN1 #92 conclusion, it seems to reflect interpretation 2.



Discussion point 3:
If your interpretations in Discussion point 1 and Discussion point 2 are different, do you see a need to update the following R15/R16 spec text in 38.215 5.1.3:
· “Otherwise not indicated by higher-layers, if measurement gap is not used, NR Carrier RSSI is measured from OFDM symbols within SMTC window duration and, if measurement gap is used, NR Carrier RSSI is measured from OFDM symbols corresponding to overlapped time span between SMTC window duration and the measurement gap.”
If your answer is “Yes”, please suggest a revised spec text for R15/R16 in the comment. 
	Company
	Yes/No
	Comment

	Ericsson
	Yes
	Prefer to add “all”

	Intel
	No
	As long as UE is performing consistent measurement for different cells, we don’t necessarily think there will be problems.

	Apple
	No
	We do not think specification needs change. As long as UE can meet the performance requirement in TS38.133, it is up to UE implementation 
We cannot confirm a different understanding and change the specification to conflict with RAN4
We cannot change specification for the existing UE in the field

	ZTE
	No
	We wonder which one in the example satisfies the requirement of the RSRQ measurement accuracy defined by RAN4. The the UE can just implement the right one that satisfy the requirement. For RAN1 spec, we slightly prefer not to update since RAN1 has agreed that it is to UE implementation to ensure the requirement satisfied.

	Qualcomm
	No
	It is up to UE implementation as long as UE can meet RAN4 performance.

	NTT DOCOMO
	No
	Although it would be good to revise the spec text so that all UEs from different vendors have consistent behavior, it seems too late for Rel-15/16 as behavior for the UEs in the field cannot be changed. 

	vivo
	No
	Current RAN1 specification does not conflict with previous RAN1 conclusion. No need to update. 

	Samsung
	No
	Same view as QC. 

	Nokia, NSB
	
	We agree with Ericsson that adding “all” to the definition would be helpful for future reference, but understand that this question was already discussed in RAN1#92 and implementations that do something else may already exist.

	Huawei, HiSilicon
	No
	

	MTK
	Yes
	We suggest the following revised text to reflect Interpretation 2 to better match the RAN1 #92 conclusion:
[bookmark: _Hlk103099629][bookmark: _Hlk103099649]“Otherwise not indicated by higher-layers, if measurement gap is not used, NR Carrier RSSI is measured from a subset of OFDM symbols within SMTC window duration and, if measurement gap is used, NR Carrier RSSI is measured from a subset of OFDM symbols corresponding to overlapped time span between SMTC window duration and the measurement gap. The subset selection is based on UE implementation.”



Discussion point 4:
(This discussion point is only for potential spec change of R17)
Putting current spec text and the RAN1 #92 agreement aside, which interpretation below is most reasonable for you when the IE measurementSlots is NOT indicated by higher layers?
· Interpretation 1: UE uses all OFDM symbols in the SMTC window to calculate the averaged RSSI
· Interpretation 2: UE chooses a subset of OFDM symbols (how to choose the subset is up to UE implementation) to calculate the averaged RSSI
· Interpretation 3: UE uses the SSB symbols to calculate the averaged RSSI
	Company
	Interpretation 1 or 2 or 3
	Comment

	Ericsson
	1
	

	Intel
	2
	Not sure why Rel-17 interpretation should be changed compared to Rel-15/16.

	Apple
	1 or 2 
	We do not think we need to discuss Rel-17

	ZTE
	2
	

	Qualcomm
	2
	No further discussion is needed.

	NTT DOCOMO
	1
	

	vivo
	2
	As agreed in RAN1#92

	Samsung
	2
	In our view, 2 allows 1. There may be added benefits from having flexibility in selection of OFDM symbols. 

	Nokia, NSB
	1
	

	MTK
	Interpretation 3
	Interpretation 3 results in a similar RSRQ range for NR and LTE. This assists NW to more easily determine channel condition in EN-DC or other LTE-related scenarios.



Discussion point 5:
(This discussion point is only for potential spec change of R17)
If your interpretations in Discussion point 1 and Discussion point 4 are different, do you see a need to update the following R17 spec text in 38.215 5.1.3:
· “Otherwise not indicated by higher-layers, if measurement gap is not used, NR Carrier RSSI is measured from OFDM symbols within SMTC window duration and, if measurement gap is used, NR Carrier RSSI is measured from OFDM symbols corresponding to overlapped time span between SMTC window duration and the measurement gap.”
If your answer is “Yes”, please suggest a revised spec text for R17 in the comment.
	Company
	Yes/No
	Comment

	Ericsson
	Yes
	Prefer to add “all”

	Intel
	No
	As long as UE is performing consistent measurement for different cells, we don’t necessarily think there will be problems. RSSI not being able to capture correctly the load was a inherently problem that was identified early in Rel-15 design. The current RSRQ definition only measures RSSI in the same resources as PSS/SSS and this may also skew load, and taking measurements from the entire SMTC that may potentially include uplink symbols can also skew load. So RSRQ not being able to correctly represent DL load always have been a problem. What is important is the UE is performing the measurement in a consistent manner and being able to met the RAN4 requirements at the same time.
If above can be achieved, then our preference is not to change UE behavior for Rel-17+ UEs compared to Rel-15/16 UEs.

	Apple
	No
	

	ZTE
	No
	The different implementation for Rel-15/16 and Rel-17 is not preferred.

	Qualcomm
	No
	

	NTT DOCOMO
	Yes
	Same preference as Ericsson.

	vivo
	No
	Current RAN1 specification does not conflict with previous RAN1 conclusion. No need to update. 

	Nokia, NSB
	Yes
	Same preference as Ericsson

	Huawei, HiSilicon
	No
	

	MTK
	Yes
	We suggest the following revised text to reflect Interpretation 3 in R17 to set a more reasonable RSRQ range when the IE measurementSlots is NOT indicated by higher layers:
“Otherwise not indicated by higher-layers, if measurement gap is not used, NR Carrier RSSI is measured from SSB OFDM symbols within SMTC window duration and, if measurement gap is used, NR Carrier RSSI is measured from SSB OFDM symbols corresponding to overlapped time span between SMTC window duration and the measurement gap.”



Discussion points (phase 2 discussion until 11-May)

According to companies’ reply:
· From Discussion point 2, when the IE measurementSlots is NOT indicated by higher layers, as stated by the RAN1 #92 agreement:
· “It is RAN1 understanding that the selection of resources within the RSSI measurement window to obtain the RSSI measurement is up to UE implementation. UE is expected to meet the RAN4 RSSI requirements.”
Companies’ interpretations are 
· Interpretation 1: RAN1 says UE may choose a subset, but RAN4 requirements are based on all symbols inside SMTC window, so UE should use all symbols inside SMTC window to calculate RSSI
· Ericsson, Intel, Nokia, [Apple] (4)
· Interpretation 2: UE chooses a subset of OFDM symbols inside SMTC window (how to choose the subset is up to UE implementation) to calculate the averaged RSSI
· ZTE, Qualcomm, DOCOMO, vivo, Samsung, Huawei, MTK, [Apple] (8)

The key reason that companies have different views is the different understanding on: 
· Whether RAN4 requirements on RSSI measurement are based on interpretation 1 (all OFDM symbols inside SMTC window)

From moderator’s perspective, if we can find a proof that “RAN4 requires RSSI measurement to base on all symbols inside SMTC window”, then we should go with TP1 below. Otherwise, we should go with TP2 below. If there is no consensus in RAN1 on “Whether RAN4 requirements on RSSI measurement are based on all symbols inside SMTC window”, moderator would suggest to send an LS to RAN4 to clarify.
· TP1 for 38.215 5.1.3:
· NR Carrier RSSI is measured from all OFDM symbols within SMTC window duration …
· TP2 for 38.215 5.1.3: 
· NR Carrier RSSI is measured from a subset of OFDM symbols within SMTC window duration … The subset selection is based on UE implementation.



Discussion point 6:
When the IE measurementSlots is NOT indicated by higher layers, do you agree “RAN4 requirements are based on all symbols inside SMTC window”?
If your answer is “Yes”, please assist to provide the corresponding RAN4 spec text in the comment for ease of reference.
	Company
	Yes/No
	Comment

	MTK
	No
	We do not see such limitations from RAN4 spec.

	Apple
	
	We are fine and supportive to send LS to RAN4. Based on our discussion with our RAN4 delegates, it may also impact scheduling restriction details in 38.133, regarding which symbol UE is used for RSSI measurement. 

However, even if RAN4 confirms that RSRQ requirement is derived based on all symbols (which we confirmed with our RAN4 delegates), strictly speaking, UE can still choose symbols up to UE implementation. When we checked the test cases in RAN4 (38.133), the test cases are mostly for heavily loaded system in which the difference is anyway small. In otherwise, UE can have its own implementation to meet all RAN4 requirement. 

The issue raised here is mostly for a very lightly loaded system, but it is not tested in RAN4 as far as we know. 

	Ericsson
	
	Just to clarify: our interpretation is that the RAN4 requirements are based on all symbols inside SMTC window, but the UE can use any subset of symbols (or resource elements) to estimate RSRQ.

Then, we also checked with our RAN4 colleague, who provided the following agreement from RAN4#88bis:

[bookmark: _Toc529479461]7.12.6.1               Intra-frequency RSRQ accuracy for FR1 and FR2 [NR_newRAT-Perf]

R4-1812485                 Discussion on intra-frequency SS-RSRQ accuracy test cases
                                                                                                             Source: LG Electronics Inc.
Abstract: 
In this contribution, we provide initial intra-frequency SS-RSRQ accuracy test cases list and our views on test configurations. We propose
1. Proposal 1: Intra-frequency SS-RSRQ test cases should be considered with no measurement gap.
1. Proposal 2: Use OFDM symbols within SMTC window duration for RSSI measurement (no high-layer signalling for SS-RSSI-Measurement) under all downlink configuration within SMTC window duration
Discussion: 
Agreement: 
1. Intra-frequency SS-RSRQ test cases should be considered with no measurement gap.
1. For the test case, all the DL OFDM symbols within SMTC window duration for RSSI measurement
1. This is just the configuration to simplify the test case rather than limiting the UE behavior
Decision:                           Noted

So it would seem for the test case, RAN4 clearly assumes that all the DL OFDM symbols within the SMTC are used, but without any limitation on UE behaviour.

Based on this, we propose to update 38.215 according to TP1, and we don’t see a need to send an LS to RAN4.

	Qualcomm
	
	We do not think LS to RAN4 is necessary. In addition, neither TP1 nor TP2 is needed. The current text in 38.215 is comprehensive enough to cover different UE behaviors. We should not limit 38.215 to RAN4 test case assumption. If using all symbols for RSSI is assumed in RAN4, it is just for test case configuration simplification.

	Intel
	
	We agree with Qualcomm (Hung) that with the clarification provided by Apple and Ericsson, it seems neither TP1 nor TP2 is needed.

	RAN1 Chairman
	
	Seems there no consensus on the need for making specification change. And similar situation for an LS to RAN4.
If this is the case, I think we should close this email discussion.



Discussion point 7:
If RAN1 can NOT achieve a consensus in Discussion point 6, RAN4 input may be needed to assist the RAN1 spec text clarification in 38.215 5.1.3. In that case, do you agree to send an LS to RAN4 to inquiry the RSSI requirement for this scenario?
	Company
	Yes/No
	Comment

	MTK
	Yes
	If RAN1 can not achieve consensus, RAN1 would need RAN4 input to clarify the RAN1 spec text clarification in 38.215 5.1.3.

	
	
	

	
	
	

	
	
	

	
	
	



Resulted RAN1 conclusion/agreement (phase 3)
As guided by RAN1 Chairman (see Discussion Point 6), seems there is no consensus on the need for making specification change. And similar situation for an LS to RAN4.
Hence, there is no resulted RAN1 conclusion/agreement for this discussion.

Summary of contribution inputs
Summary for [1, MTK]:
In [1], it is mentioned that 
· For LTE system, RSRQ is defined as the ratio of 
N×RSRP / (E-UTRA carrier RSSI), 
where N is the number of RB's of the E-UTRA carrier RSSI measurement bandwidth.
· the numerator and denominator will always be measured based on almost the same time span
· -10dB RSRQ corresponds to very good channel quality
· For NR system, RSRQ evaluation rules in different scenarios are specified in TS38.215 5.1.3. RSRQ is defined as the ratio of 
N×SS-RSRP / (NR carrier RSSI)
· If the IE measurementSlots is NOT indicated by higher layers:
· NR Carrier RSSI is measured from OFDM symbols within SMTC window duration
· In this case, the numerator and denominator might not be measured based on the same time span

Take one example of NR FR2, 120kHz SCS with 5ms SMTC duration, and only SSB1 can be detected by UE. When the IE measurementSlots is NOT indicated, there are two possible methods to calculate the RSRQ according to current spec in TS38.215 5.1.3: 
[image: ]

[bookmark: _Hlk101807007]Observation 1: RSRQ might become abnormally high when RSRP and RSSI are not evaluated based on the same time span
[bookmark: _Ref95772048][bookmark: _Ref101804762]Proposal 1: RAN1 to clarify UE/gNB behavior on RSRQ calculation/comparison between NR and LTE when Network does not indicate the measurementSlots to the NR cell 
[image: ]
[bookmark: _Ref101800617]Figure 1: Example of SSB structures in FR2
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