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Introduction
In RAN4#93 in Reno the MR-DC related discussion continued and the WF [1] was agreed. Considering early measurement and reporting two main topics are open – NR measurements for EMR while serving cell is in NR and NR inter-RAT measurement for EMR while camped in LTE.
In this paper we discuss NR measurements for EMR while serving cell is in NR.
Discussion
RAN4 has already adapted a number of baseline agreements:
· RAN4 has earlier agreed that the UE measurement capability will not change due to EMR
· RAN4 has earlier agreed that requirements for EMR will be the same in Inactive mode and Idle mode
· RAN4 agreed to adopt support of overlapping and non-overlapping carrier concept
And RAN4 made following as a working assumption:
· RAN4 EMR requirements for NR carriers while camped on NR only apply if EMR carriers are in CA combination supported by UE
Open for further discussion, based on the WF, are:
1) How to define overlapping and non-overlapping carriers
2) The number of carriers to monitor
3) Idle mode measurements for EMR
4) EMR behaviour at cell change
5) Detected cell state assumption upon transitioning between states
In this paper we look at the different open aspects listed.

Overlapping and non-overlapping carriers
In Reno meeting two options were discussed. Both options used the LTE definition as baseline:
· Overlapping carrier is a carrier used for EMR and mobility
· Non-overlapping carrier is a carrier used only for EMR
The main difference between the proposals was the word ‘used’. Would this mean ‘configured’ or would it mean ‘actively measured’
Although option 2 (actively measured) was tentatively agreed, it would need further clarifications as to what ‘actively measured’ means. Otherwise this approach may cause some problems related to what could be expected UE behaviour. the network can expect reported by the UE under different scenarios. 
In one example, if the UE is configured with a carrier only used for EMR (i.e. non-overlapping carrier) the question is whether such carrier is actively measured or not. The answer to this question would depend on the outcome of discussion related to Idle mode measurements for EMR.
To avoid future ambiguity and progress the work we propose to adapt the same definition as used in E-UTRAN. Hence, the definition is based on the configuration. 
Adopt the LTE definition of overlapping and non-overlapping EMR carriers
An overlapping carrier is defined as a carrier configured by higher layer for early measurement reporting and inter-frequency mobility measurements.
A non-overlapping carrier is defined as a carrier configured by higher layer for early measurement reporting while not configured for inter-frequency mobility measurements.
The details related to the idle mode measurement requirements for EMR carrier would then be defined as part of the measurement requirement work.

Number of carriers to monitor
In Reno a number of slightly different options related to the number of carriers the UE would need to support for EMR, were listed.
As noted, RAN4 has earlier agreed that the UE measurement capability will not change due to EMR. Hence, the UE measurement capability requirement is not increased due to configuration EMR. The understanding is if EMR is configured, the carriers for EMR will be part of the measurement capability. This means the requirements in 38.133 are unchanged even when EMR is configured (e.g. 7 NR inter-frequency carriers and a total of 14 carriers).
Looking at the number of NR carrier, the UE is assumed to support monitoring of at least 7 inter-frequency carriers. Out of these 7 carriers a number of carriers can be carriers configured for EMR, [N]. Of the [N] carriers, the UE can be configured with up to [A] overlapping carriers and up to [B] non-overlapping carriers.
What needs to be discussed and decided in RAN4 are:
N: The total number EMR carriers. N = A + B.
A: The number of overlapping carriers. A = [0;x]
B: The number of non-overlapping carriers. B = [0;y]
One aspect to address is the UE power consumption impact from performing EMR measurements. RAN2 has decided that measurements cell reselection and EMR are independent and hence e.g. search thresholds do not apply to EMR carriers.
The 4 options in the WF all propose different combinations of above generic expression. However, it may be difficult to make a decision regarding the number of EMR carriers in total and for overlapping and non-overlapping specifically, before the detailed idle mode measurements for EMR has been discussed.
Therefore, we propose to agree following generic approach to progress the work.
N: The total number EMR carriers, N ≤ 7; N = A + B.
A: The number of overlapping carriers, A = [0;x]
B: The number of non-overlapping carriers, B = [0;y]

Idle mode measurements for EMR
When discussing EMR measurement RAN4 should initially discuss the actual measurement requirements and accuracy for the NR EMR carriers. Additionally, RAN4 should also discuss the overall UE measurement effort and latency and this can be improved by use of EMR.
Measurement requirements for NR EMR carriers
As mentioned, RAN2 has decided that measurements cell reselection and EMR are independent and hence e.g. existing search thresholds (SnonIntraSearchP and SnonIntraSearchQ) for inter-frequency measurements do not apply to EMR carriers in NR.
This is aligned with E-UTRAN where the search thresholds do not apply for overlapping EMR carriers. Meanwhile the non-overlapping EMR carriers are not required to be measured continuously. Specifically, 36.133 states:
While T331 is running, the UE shall perform measurement on the configured overlapping and non-overlapping inter-frequency carriers for idle mode measurement reporting.
A UE which supports ca-IdleModeMeasurements shall support the idle mode CA measurements of at least [1, 2 or 3] inter-frequency carriers of which zero or one inter-frequency carrier may be a non-overlapping carrier.
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.
Considering overlapping carriers, our view is that for NR overlapping EMR carriers, RAN4 could adopt the E-UTRAN measurement requirements for overlapping EMR carriers.
While T331 is running, the UE shall perform measurements and fulfil the ‘inter-frequency’ measurement requirements on the configured overlapping EMR carriers.
Where the ‘inter-frequency’ measurement accuracy would need to be discussed further.
Additionally, RAN4 would need to discuss the measurement requirements for the non-overlapping EMR carriers in NR. We believe the current E-UTRAN measurement requirements for non-overlapping carriers are too relaxed which compromises the measurement result accuracy and potential use of non-overlapping carriers.
E-UTRAN measurement requirements for non-overlapping carriers are very relaxed.
We would prefer to tighten the measurements requirements for NR EMR to improve the measurement accuracy. This would help when using the EMR on the network side for setting up CA.
 Discuss tightening of the EMR measurements and accuracy for NR EMR carriers
This would help in reducing CA setup delay and improve the overall performance of the feature. Any tightening would of course need to consider the impact on the UE power consumption.

EMR and non-EMR measurement requirements
In RAN4#93 the EMR and non-EMR measurement effort and measurement delays were discussed and captured in the WF. RAN4 discussed the aspect of reducing the measurement effort and delays focusing the measurement types to certain areas e.g. by use of thresholds. Such approach could help in focusing the UE measurements which can also help reducing the UE measurement effort and thereby UE power consumption.
When not applying the inter.frequency search thresholds the UE would measure EMR and non-EMR carriers as follows:
· Non-EMR carriers are measured obeying configured SnonIntraSearch threshold
· EMR carriers are measured irrespectively of configured SnonIntraSearch threshold
Which again means that at cell center the UE measurements are focused on EMR measurements, while at the cell edge UE will perform both EMR and non-EMR measurements. This would increase the UE inter-frequency measurement effort at the cell edge (searching both mobility and EMR carriers) increasing the measurement delay at cell edge where the measurement delay is especially important.
To evaluate the UE measurement effort and delay, we would need to look at the measurement requirement for each type of EMR carrier before and after T331 expiry. Following table (disregarding the non-overlapping EMR carriers) illustrates the UE inter-frequency measurement requirements (assuming E-UTRAN approach is adopted for overlapping carriers):

	T331 status
	carrier type
	Srxlev > SnonIntraSearch
	Srxlev < SnonIntraSearch
	no SnonIntraSearch

	Running
	non-EMR
	not measured
	measured
	measured

	
	overlapping EMR
	measured
	measured
	measured

	Expired
	non-EMR
	not measured
	measured
	measured

	
	overlapping EMR
	not measured
	measured
	measured



From the table is it seen that the impact from having EMR carriers configured is that measurements are to be performed on the overlapping EMR carriers irrespective of search thresholds (SnonIntraSearch). As can also be seen is that the use of search threshold (SnonIntraSearch) can in fact reduce the UE measurement effort under good cell conditions.
The use of the search threshold do have one significant drawback – and especially in NR with synchronized and aligned SMTC periods and limited UE searcher capability – namely that once the Srxlev < SnonIntraSearch the UE shall start to search all inter-frequency carriers simultaneously.
In last meeting was discussed in [2] how to further reduce the UE measurement effort. One proposal was to introduce an opposite SnonIntraSearch threshold, such that if Srxlev > SnonIntraSearchEMR UE would measure the EMR carrier, otherwise this would not be required. Hence, at the cell edge when Srxlev < SnonIntraSearchEMR UE would not be required to measure the EMR carrier. 
	T331 status
	carrier type
	Srxlev > SnonIntraSearch
and 
Srxlev > SnonIntraSearchEMR
	Srxlev < SnonIntraSearch
and
Srxlev < SnonIntraSearchEMR
	no SnonIntraSearch

	Running
	non-EMR
	not measured
	measured
	measured

	
	overlapping EMR
	measured
	not measured
	measured

	Expired
	non-EMR
	not measured
	measured
	measured

	
	overlapping EMR
	not measured
	measured
	measured



In this case we have assumed that thresholds are set at the same Srxlev. The use of this threshold would be network configurable (similar as with current SnonIntraSearch threshold). This would further reduction of the UE inter-frequency measurement for EMR carriers at cell edge.  
Introduce cell edge search threshold for NR EMR carriers.

EMR behaviour at cell change
Last meeting RAN4 also managed to discuss a number of aspects related to EMR and cell change. Most topics were left open and captured in the WF for further study by the companies. 
initial topics regarding cell change and EMR:
· Possible Agreement: Follow RAN2 agreements which are (for information)
· Dedicated:
· UE performs measurements for EMR using the RRCRelease configured MOs independently from PCell changes while T331 is running.
· SIB Configured:
· UE performs EMR measurements according to serving cell SIB configuration while T331 is running.
· FFS whether the above also applies when the carrier changes from overlapping to non-overlapping or from non-overlapping to overlapping after the cell change
· Discuss if any additional rules are necessary from RAN4 side
In general, we see that RAN4 follow the RAN2 agreements and hence we support the possible agreement. Our understanding of an non-overlapping carrier is that such carrier is not for mobility. Therefore, there is no reason to discuss what the UE requirements would be in case UE reselection to/from non-overlapping carrier.
Non-overlapping carriers are carrier not used for mobility.
At cell change - follow the RAN2 agreements.
Second part of the discussion considered following topics which we address next:
· At cell change, what is the UE behaviour related to reporting of EMR:
· Option 1: leave it to UE implementation
· Option 2: RAN4 defines specific rules
At RAN2#106 RAN2 agreed following:
Agreements
1	The early measurement configuration can be different between that in RRCRelease and in SIB. If the UE receives the early measurement configuration from RRCRelease, this overrides the early measurement configuration provided in SIB (if any).
FFS: Whether some other measurement related configuration in SI (e.g. smtc) outside of the early measurement configuration can still be used.
2	A single early measurement configuration is provided in SI for idle and inactive
FFS: Whether the early measurement configuration can be kept when the UE receives the Release (to Inactive to Idle) in response to Resume Request.
3	L3 filtering is not applied to early measurement reporting
4	The UE performs the idle measurement for the frequencies in configured frequency list only when the UE support CA or MR-DC between the frequency and the serving frequency.
FFS Whether the network can provide information on support of CA/DC between frequencies to assist the UE to determine which frequencies to provide measurement for.
6	If UE reselects to a cell that does not support early measurements (as indicated by absence of an indicator in SI), the validity timer keeps running, but the UE is not required to performs measurements while camped on that cell (same as LTE euCA)

And at RAN2#107bis:
	Agreements:
1. There is a validity area, and the action when the UE exits the validity area is that the UE stops all early measurements.
2. Validity area is configured by means of dedicated RRC signaling
3. Validity area can be configured by means of: Lists of PCIs; Lists of CellIdentity;
4. When UE reselects to a cell that is not part of the validity area (for any of the configured frequencies/cells) while measIdleDuration is running, UE should stop measurement. UE stops the timer. WA that the UE also clears the entire early measurement configuration.
5. The RRC release message can include SSB measurement configuration. It is assumed that information provided for cell reselection by broadcast is not provided in the RRC release message. 
6. No UE requirements will be specified for what UE shall do upon reselection to a cell broadcasting for some frequency an SSB measurement configuration that differs from the values received in the RRC release message i.e. UE may stop early performing measurements for concerned frequency
7. If the UE has not received a dedicated SSB configuration, the UE does early measurements based on SIB.
8. The UE only needs to support the following signalling combination options:
A. If network uses broadcast signaling for the list of early measurements, it will provide all parameters by broadcast signaling with the only exception that dedicated signalling is used for the timer
B. If network uses dedicated signaling for the list of early measurements, the following signalling options are allowed for each of the frequencies:
1) SSB measurement configuration (incl SMTC) and all other parameters are provided by dedicated signaling
2) SSB measurement configuration (incl SMTC) is broadcast and all other parameters are provided by dedicated signaling



Our understanding is that as long as the UE reselects to a cell within the validity area the UE keeps the EMR configuration and keeps the T331 timer running. UE is not required to perform EMR related measurements in a cell not supporting EMR (and UE will neither be requested to report in a cell not supporting EMR). However, only if the UE leaves the validity area is it allowed to remove the EMR configuration.
RAN2 has defined rules for EMR at cell changes and RAN4 should align the necessary accordingly.

· RAN4 to discuss introduction of the concept of unknown cells considering early measurement reporting
· Option 1: Introduce known/unknown cells for EMR
· Option 2: Do not introduce known/unknown cells for EMR
We do not see it necessary to introduce any known/unknown concept for EMR. Any cell that would be unknown would not be detected in idle mode and hence nor reported. Only detected and measured cells can be reported.
There is no need to introduce the concept of known and unknown cells for EMR. 

· Impact on early measurements after T331 stops and before reporting EMR
· FFS if RAN4 specifies applicable requirements for the early measurements performed and used for EMR after the expiry of the T331 timer (at least for overlapping carriers)
· FFS if the UE shall be capable of reporting the results of the early measurements at least up to T0 after the expiry of T331
Related to this RAN2#107 agreed following:
Agreements:
1	Upon the reception of the RRCSetup message in response to RRCSetupRequest or RRCResumeRequest (while T331 is running), the UE stops T331, and deletes the dedicated idle mode measurement configuration, if any.
2:	Upon the reception of the RRCReject message in response to RRCSetupRequest or RRCResumeRequest (while T331 is running), the UE keeps performing the idle mode measurements.
3: 	During a 2-step resume (i.e. RRCRelease in response to RRCResumeRequest), the network can release or reconfigure the idle mode measurements.
FFS whether this is delta or complete replace
4:	Upon the expiry of T331 while in IDLE or INACTIVE mode, the UE deletes the dedicated idle mode measurement configuration, if any.
5: The UE deletes the early measurement results after it has successfully reported them to the network (i.e. in UEInformationResponse or RRCResumeComplete).

We see the RAN2 defined rather clear and see no immediate need for any special additional requirements in RAN4
Upon the expiry of T331 while in IDLE or INACTIVE mode, the UE deletes the dedicated idle mode measurement configuration. 

Detected cell state assumption
In E-UTRAN RAN4 discussed and agreed on an important issue contributing to the significant benefits achievable from EMR, namely the detected cell state during state transitions from connected mode to idle mode.
This requirement is also captured in 36.133 section 4.9.2.1. Here RAN4 has defined conditions for when a cell can be regarded to keep the detected cell state when UE transition to idle mode. For NR we believe RAN4 should define same or similar conditions and could use E-UTRAN requirements as starting point.
RAN4 defines conditions for detected cell state during UE state transitions.

Conclusion
In this paper we discuss NR measurements for EMR while serving cell is in NR, based on the agreed WF [1]. We make following proposals:
1. Adopt the LTE definition of overlapping and non-overlapping EMR carriers
An overlapping carrier is defined as a carrier configured by higher layer for early measurement reporting and inter-frequency mobility measurements.
A non-overlapping carrier is defined as a carrier configured by higher layer for early measurement reporting while not configured for inter-frequency mobility measurements.
N: The total number EMR carriers, N ≤ 7; N = A + B.
A: The number of overlapping carriers, A = [0;x]
B: The number of non-overlapping carriers, B = [0;y]
While T331 is running, the UE shall perform measurements and fulfil the ‘inter-frequency’ measurement requirements on the configured overlapping EMR carriers.
Discuss tightening of the EMR measurements and accuracy for NR EMR carriers
Introduce cell edge search threshold for NR EMR carriers.
At cell change - follow the RAN2 agreements.
RAN2 has defined rules for EMR at cell changes and RAN4 should align the necessary accordingly.
There is no need to introduce the concept of known and unknown cells for EMR. 
Upon the expiry of T331 while in IDLE or INACTIVE mode, the UE deletes the dedicated idle mode measurement configuration. 
RAN4 defines conditions for detected cell state during UE state transitions.
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