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Introduction
In last RAN4 e-meeting the topic of how to define requirements for NR early measurement reporting was further discussed. RAN4 reached a number of good agreements captured in the WF [R4-2002234]. In this paper we discuss, based on those agreement the next step requirements for UE requirements for NR EMR. This paper focuses only on 38.133 requirement while we discuss 36.133 requirement in a separate paper. 
In draft CR [3] we have captured the agreements from last meeting.

Discussion
Following we address some of the open issues listed in the agree WF from last meeting, topic by topic.

Actively measured carrier
In last meeting RAN4 agreed following:
1. RAN4 use ‘actively measured’ in the definition of overlapping and non-overlapping carriers is agreeable conditioned that RAN4 also defines the conditions for ‘actively measured’.
This was conditioned that RAN4 would also define ‘actively measured’ conditions. Next we give our view on such definition based on what has been defined in LTE and what has been agreed in RAN2.
RAN2 has in RAN2#108 agreed that measurement for Cell reselection (304) and early measurements are independent. Hence, as also applied in LTE EMR, search thresholds do not apply to carriers configured for EMR. This means that carriers configured for EMR are measured independently from any configured search thresholds (SnonIntraSearch). This applies for both inter-frequency carriers and inter-RAT (LTE) carriers configured for EMR.
Any configured search thresholds (SnonIntraSearch) do not apply to carriers configured for EMR.
Hence, EMR carriers are measured throughout the cell while timer T331 is running. A carrier configured for EMR is on the other hand not measured if:
1) Timer T331 has expired
2) Serving cell does not support EMR
3) Serving cell is not in the validity area
4) UE is in connected mode
5) UE changes RAT
This also means that while the timer T331 is running and the serving cell is part of the validity area and support EMR, the UE shall measure the configured EMR carriers. If the UE enters connected mode or changes RAT the UE stops timer T331 and deletes any EMR configuration.
A carrier configured for EMR is actively measured while T331 running provided serving cell supports EMR and is part of the validity area.
EMR configuration is deleted in the UE when the UE enters connected mode or changes to a cell in another RAT.
Considering the RAN4 requirements we propose following definition of an actively measured EMR carrier:
[bookmark: _Hlk37424497]An EMR carrier is actively measured while while T331 running provided serving cell supports EMR and is part of the validity area.
As for the definition of overlapping EMR carrier and non-overlapping EMR carrier, this refers to whether the EMR carrier is configured for mobility and EMR or only configured for EMR:
An overlapping carrier is configured for mobility and EMR
A non-overlapping carrier is configured for EMR but not configure for mobility.
Based on this we propose following definition of overlapping and non-overlapping EMR carriers:
An overlapping carrier is a carrier actively measured for mobility and EMR.
A non-overlapping carrier is a carrier actively measured for EMR but not mobility.
For both proposal 2 and proposal 3 any configured SnonIntraSearch thresholds do not apply to carriers configured for EMR.
Based on proposals 2 and 3 we suggest following TP capturing the overlapping and non-overlapping EMR carrier definition:
[bookmark: _Hlk37424158]An overlapping carrier is defined as an actively measured carrier configured by higher layer for early measurement reporting and inter-frequency and inter-RAT mobility measurements. A non-overlapping carrier is defined as an actively measured carrier configured by higher layer for early measurement reporting while not configured for inter-frequency mobility measurements. Configured SnonIntraSearch thresholds do not apply to carriers configured for EMR.
An EMR carrier is actively measured while while T331 running provided serving cell supports EMR and is part of the validity area.

Total number of carriers to measure
As already agreed in RAN4, the EMR requirements will not increase the UE requirements related to the total number of carriers the UE at least shall be able to monitor in idle and inactive mode. This will follow exiting requirements in 38.133 section 4.2.2.1.
What still needs further clarification is the UE requirements related to how many carriers the UE shall be able to measure for EMR – both overlapping and non-overlapping and how are these distributed among inter-frequency and inter-RAT (LTE) carriers. 
In last meeting RAN4 agreed to use following template in order to be able to facilitate the discussion:
· The total number carriers the UE at least shall be able to measure for EMR, N ≤ 14; 
· N = A + B; 
· The number of overlapping carriers, A = [0;x]; 
· The number of non-overlapping carriers, B = [0;y]
· A, B, x and y are all FFS.
For each overlapping and non-overlapping RAN4 would then need to consider any potential differentiation between inter-frequency carriers and LTE inter-RAT carriers. Hence:
· The total number carriers the UE at least shall be able to measure for EMR, N ≤ 14; 
· N = A + B; 
· The number of overlapping carriers, A = [0;x]; 
· x=x1+x2 where x1 is number of inter-frequency carriers and x2 is number of inter-RAT carriers.
· The number of non-overlapping carriers, B = [0;y]
· y=y1+y2 where y1 is number of inter-frequency carriers and y2 is number of inter-RAT carriers.
As for the more concrete proposals, we start with inter-frequency EMR carriers, which could be used for either CA or DC setup or both, we see that more than one EMR carrier would need to be supported. Having only 1 EMR carrier would limit the configuration flexibility on carrier basis (e.g. for network to consider load) and would only enable either configuring PSCell (NR-DC) or CA (NR-CA). Hence, we that more than 1 inter-frequency EMR carrier should be supported. Likely 3 carriers would be sufficient.
The UE shall support at least 3 inter-frequency EMR carriers.
For inter-RAT overlapping and non-overlapping carrier. As the intended use of the inter-RAT measurements are for fast setup of NE-DC (assuming the LTE cell will be the PSCell). I.e. at least 1 inter-RAT carrier should be possible to configure for EMR. In addition, for enabling further flexibility, it would be good to have a second inter-RAT EMR carrier. Hence, for inter-RAT EMR carriers (overlapping and non-overlapping) we propose:
The UE shall support at least 2 inter-RAT EMR carriers.
Of these EMR carriers it would need to be decided whether they can be all overlapping, all non-overlapping or if there would be any limitations in the distribution among overlapping and non-overlapping carriers. 
As a starting point the UE should at least support that all configured EMR carriers are overlapping carrier. As the total number of carriers will never exceed the current existing UE capability, the UE is already required to be able to measure up to this number of carriers for mobility – and hence can naturally measure those.
The UE shall support measurement on overlapping carriers up to the sum of inter-frequency and inter-RAT EMR carriers.
UE shall support at least 5 overlapping carriers (A=5).
of the overlapping carriers we propose that up to 2 can be inter-RAT EMR carriers.
Of the overlapping EMR carrier, up to 2 can be inter-RAT EMR carriers (x2≤2).
Of the overlapping EMR carrier, up to 2 can be inter-frequency EMR carriers (x1≤5).
Understanding from LTE is that non-overlapping carriers are measured as:
For non-overlapping carriers, at least prior to transmission of the idle mode measurement report, the UE shall perform at least a single measurement on detected cells on the non-overlapping inter-frequency carrier(s) configured to be measured for early measurement reporting.
Such measurement limitation of course reduces the usefulness of non-overlapping carriers as they may not have been measured sufficiently to provide an accurate measurement result. On the other hand, it provides better power saving opportunities for the UE. Based on this we propose that the number of non-overlapping EMR carriers can be the same as for overlapping EMR carriers.
The UE shall support measurement on non-overlapping EMR carriers up to the sum of inter-frequency and inter-RAT EMR carriers.
UE shall support at least 5 non-overlapping carriers (B=5).
of the non-overlapping carriers, we propose that up to 2 can be inter-RAT EMR carriers.
Of the non-overlapping EMR carrier, up to 2 can be inter-RAT EMR carriers (y2≤2).
Of the non-overlapping EMR carrier, up to 2 can be inter-frequency EMR carriers (y1≤5).

We see it difficult to decide on the final numbers on the split between over-lapping and non-overlapping carriers and inter-frequency and inter-RAT carriers, until RAN4 has discussed the actual measurement requirements for the different carriers. Once these requirements are clearer a final decision on the final numbers can be done.
These proposals in this section are based purely on what we would see reasonable and useful from system perspective to enable fast setup of either CA and/or DC. When discussing the number of overlapping and non-overlapping carriers to be measured it is important have the discussion concerning what the UE measurement requirements for such carriers would be – which we look at next.

Measurement requirements baseline
Before discussing the detailed UE measurement requirements for the EMR carriers we would like to address the question listed as open in last meeting in order to have a framework for the discussion:
1. Shall RAN4 define UE EMR requirements for EMR carriers while T331 timer is active?
2. Shall RAN4 need to define UE EMR requirements for EMR carriers when T331 timer has expired?
3. Shall RAN4 define UE EMR measurement requirements for EMR for overlapping EMR carriers?
· when T331 is running?
· when T331 has expired?
4. Shall RAN4 define UE EMR measurement requirements for EMR for non-overlapping EMR carriers?
· when T331 is running?
· when T331 has expired?
Basically, most of these questions relates to RAN2 work and has already been addressed in RAN2. Next we address each question.
Shall RAN4 define UE EMR requirements for EMR carriers while T331 timer is active?
The EMR configuration is deleted in the UE if the UE reselects to a cell in another RAT or the UE enters connected state. Additionally, the UE clear the EMR configuration if the UE reselect to a cell outside the validity area.
Hence, in general RAN4 should define requirements while the T331 is active. RAN4 can then list the detailed conditions for those cases where the timer T331 is running but UE need not perform EMR measurements. E.g. if UE reselects to a cell that does not support early measurements (as indicated by absence of an indicator in SI).
RAN4 defines UE EMR requirements for EMR carriers while T331 timer is active

Shall RAN4 need to define UE EMR requirements for EMR carriers when T331 timer has expired?
Once the T331 timer has expired the UE deletes the EMR configuration and hence no UE requirements can be expected to be defined.
RAN4 does not define UE EMR requirements for EMR carriers when T331 timer has expired.

Proposals 14 and 15 applies for both overlapping and non-overlapping EMR carriers. This means that in general RAN4 defines UE EMR requirements which applies when the T331 timer is running. When these requirements would not apply while the T331 timer is conditioned based on the RAN2 agreements. Otherwise, RAN4 does not define any UE related EMR requirements (When T331 has expired).
Based on this framework, next we discuss the UE measurement requirements for EMR carrier (for when T331 timer is running).

EMR Measurement requirements
As a starting point we think the requirements defined for the LTE EMR should be used as baseline:
For overlapping carriers, the inter-frequency measurement requirements in section 4.2.2.4 apply.
For non-overlapping carriers, at least prior to transmission of the idle mode measurement report, the UE shall perform at least a single measurement on detected cells on the non-overlapping inter-frequency carrier(s) configured to be measured for early measurement reporting. 
In the absence or expiration of T331, it is up to UE implementation to perform the idle mode CA measurement. 
For overlapping carriers, the UE shall be capable of performing RSRP and RSRQ measurements of the overlapping carriers, and the UE physical layer shall be capable of reporting RSRP and RSRQ measurements of the overlapping carriers to higher layers, with measurement accuracy as specified in sub-clauses 9.1.3B.2 and 9.1.6B.2, respectively. The UE shall be able to report idle mode CA measurements when idle mode CA measurement reporting is requested by the network.
In practise this means that for overlapping carrier the existing idle mode measurement requirements apply excluding the applicability of the search thresholds (see e.g. [2]). Same approach can be applied for NR.
UE measurement requirements for an overlapping EMR inter-frequency carriers can re-use existing inter-frequency measurements (excluding applicability of search thresholds).
A similar approach can be used also for inter-RAT measurements.
UE measurement requirements for an overlapping EMR inter-RAT carriers can re-use existing inter-frequency measurements (excluding applicability of search thresholds).
For non-overlapping EMR carriers it would be very beneficial from network and system point of view to get measurement results which are more accurate than based on one sample assumption only. Current LTE EMR requirements assume at least one sample is performed prior to transmission of the measurement report. We do recognize the potential UE power consumption impact from increasing the UE measurement effort on non-overlapping carriers. However, considering the reason for EMR and the purpose of the measurements, it is important from network point of view that measurement results reported by the UE are accurate such that the configured CA or DC would lead to a usable configuration.
Hence, we suggest to further discuss how to improve the UE EMR measurement for non-overlapping carriers while still considering the UE power consumption impact. As minimum baseline for measurement requirements for non-overlapping EMR carriers we could use existing LTE requirements.
Use existing LTE EMR measurement requirements for non-overlapping carriers as minimum baseline for NR EMR measurement requirement requirements for non-overlapping carriers.
Hence, also in NR EMR the starting point for discussion is that for non-overlapping EMR carriers the UE is only required to measure the carrier just before transmitting the measurement report. Meanwhile, RAN4 can discuss how to possibly improve the accuracy of the reported measurements on non-overlapping carriers.
RAN4 to discuss how improve the accuracy of the reported measurements on non-overlapping carriers.
By using the same approach as in LTE we would be able to re-use the already existing UE requirements for overlapping EMR carriers and RAN4 would only need to define new requirements for non-overlapping EMR carrier.

Cell detection status upon leaving connected mode
RAN4#94 meeting agreed to re-use a similar cell detection status concept as defined in LTE EMR:
RAN4 agree to option 1 and defines requirements for the detected cell status for the EMR measurement when UE transitions from RRC Connected mode to Idle or Inactive mode and after UE has entered Idle or Inactive mode
· Note: further clarification as to the conditions needs to be discussed
And as captured RAN4 would next need to define the detailed conditions. The conditions were discussed at length in LTE and we suggest using the LTE conditions as a starting point for the conditions for NR. At least for cells in FR1 it seems feasible to use the same conditions:
Upon releasing the connection and if the UE has been configured with idle mode CA measurement reporting, following requirements apply concerning the detected cells in Connected mode upon state transitioning to Idle mode and during Idle mode: 
- A cell which is detected cell in Connected mode prior to connection release, shall remain detected after UE has entered Idle mode and during Idle mode, provided that the following conditions are met: 
- The UE has been provided with a list of cells and/or carrier frequencies for early measurement reporting by dedicated RRC signaling and 
- The detected cell is among the list of cells or on a carrier frequency provided for early measurement reporting, and 
- The UE is provided with a valid timer T331 by dedicated RRC signaling, and 
- The detected cell remains detectable until UE reconnects to the network and transmits the early measurement report. 
- The carrier frequency of the detected cell and the carrier frequency of the serving cell are among the supported band combination of the UE. 
An inter-frequency cell is considered detectable according to RSRP, RSRP Ês/Iot, SCH_RP and SCH Ês/Iot defined in Annex B.1.1 and Annex B.1.2 for a corresponding Band.
If needed these conditions could be updated accounting the new aspects of the NR design compared to LTE, e.g. accounting beam aspects.
Use the LTE detected cell conditions as baseline for NR detected cell conditions. 

Search thresholds and cell edge measurements
RAN4 has been discussing the issue of how to balance the UE measurement at the cell edge conditions. E.g. if the search thresholds are used while the EMR measurements are in use. Once the UE conditions are such that also mobility carriers have to be measured these measurements may be delayed due to EMR measurements. Hence, it was proposed to focus the search on mobility carriers in cell edge conditions. Following options were listed in the agreed WF:
1. No additional thresholds are needed for EMR
2. Let RAN2 decide
3. Use existing search thresholds
4. Weighted number of EMR carriers based on cell center or cell edge based on serving cell threshold.
Considering option 3, one solution which discussed that would not introduce any new thresholds would be to re-use existing search thresholds (SnonIntraSearchP) and allow those to be configured per carrier. 
One approach alternative proposal is to use existing search threshold applied for all carriers but in opposite manner for EMR carriers and hence, when the UE is at cell edge conditions it would only search mobility carriers and not EMR carriers. 
This however limit the use of EMR to cell center conditions only which is not always preferable. One way to address this would be by enabling search thresholds per EMR carrier and define the behaviour in either of two following ways:
1) If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ the UE will measure the EMR carrier. Otherwise not.
2) If Srxlev < SnonIntraSearchP and Squal < SnonIntraSearchQ the UE will not measure the EMR carrier.
This approach should be feasible as the existing EMR baseline is that search thresholds do not apply for EMR carriers. 
Such a proposal would enable more controlled measurements on UE side for targeted purpose. At the cell center the UE searches more EMR carriers and no mobility carrier only carriers. However, when the UE goes to cell edge conditions the measurements would be more targeted at mobility measurements and less on EMR measurements (while these are performed).
Introduce carrier-based search thresholds.
Define search threshold rules for EMR carriers for controlling cell edge measurements. 


Conclusion
In this paper we discuss the open aspects from agreed [1]. We provide a number of text proposals how rAN4 could potentially capture the UE EMR requirements. We propose following:
1. An EMR carrier is actively measured while while T331 running provided serving cell supports EMR and is part of the validity area.
1. An overlapping carrier is a carrier actively measured for mobility and EMR.
1. A non-overlapping carrier is a carrier actively measured for EMR but not mobility.
For both proposal 2 and proposal 3 any configured SnonIntraSearch thresholds do not apply to carriers configured for EMR in alignment with RAN2 agreement.
The UE shall support at least 3 inter-frequency EMR carriers.
The UE shall support at least 2 inter-RAT EMR carriers.
The UE shall support measurement on overlapping carriers up to the sum of inter-frequency and inter-RAT EMR carriers.
UE shall support at least 5 overlapping carriers (A=5).
Of the overlapping EMR carrier, up to 2 can be inter-RAT EMR carriers (x2≤2).
Of the overlapping EMR carrier, up to 2 can be inter-frequency EMR carriers (x1≤5).
The UE shall support measurement on non-overlapping EMR carriers up to the sum of inter-frequency and inter-RAT EMR carriers.
UE shall support at least 5 non-overlapping carriers (B=5).
Of the non-overlapping EMR carrier, up to 2 can be inter-RAT EMR carriers (y2≤2).
Of the non-overlapping EMR carrier, up to 2 can be inter-frequency EMR carriers (y1≤5).
RAN4 defines UE EMR requirements for EMR carriers while T331 timer is active
RAN4 does not define UE EMR requirements for EMR carriers when T331 timer has expired.
UE measurement requirements for an overlapping EMR inter-frequency carriers can re-use existing inter-frequency measurements (excluding applicability of search thresholds).
UE measurement requirements for an overlapping EMR inter-RAT carriers can re-use existing inter-frequency measurements (excluding applicability of search thresholds).
Use existing LTE EMR measurement requirements for non-overlapping carriers as minimum baseline for NR EMR measurement requirement requirements for non-overlapping carriers.
RAN4 to discuss how improve the accuracy of the reported measurements on non-overlapping carriers.
Use the LTE detected cell conditions as baseline for NR detected cell conditions. 
Introduce carrier-based search thresholds.
Define search threshold rules for EMR carriers for controlling cell edge measurements. 
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