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1. Introduction

The RRM requirements for NR EMR are discussed in RAN4#95-e, and the outcomes are captured in the WF [1]. The remaining open issues are 
· Applicability of search threshold in EMR requirements
· Measurement requirements for non-overlapping carriers
· Requirements for beam level measurements
· Measurement capability in terms of number of non-overlapping carriers
· Conditions for ‘actively measure’
In this paper we will provide our views on the remaining issues in NR EMR requirements.
2. Discussion
2.1. Applicability of search threshold

There were quite extensive discussion in RAN4#95-e on whether search threshold can be used in defining the measurement requirements for EMR, but there was no conclusion. Based on GTW discussion, there are two options:
· Option 1: Search thresholds do not apply to carriers configured for EMR measurements.

· Option 2: Search thresholds do not affect measurement procedures to carriers configured for EMR measurements, but the search thresholds are used to define the EMR measurement requirements. 

Option 1 means UE performs EMR measurements as if the search threshold is not configured, i.e. UE measures EMR overlapping carriers in the same way as UE measures mobility carriers when serving cell is below the search threshold, no matter the actual serving cell condition is above or below the threshold. More specifically, with option 1 UE is always assumed to measure EMR overlapping carriers every Kcarrier * Tmeasure,NR_Inter, where Kcarrier and Tmeasure,NR_Inter are defined in clause 4.2.2.4 of 38.133.
Option 2 means UE performs measurements on EMR carriers in the same way as UE measures mobility carriers, i.e. based on the actual serving cell condition and the search threshold. More specifically, with option 2 UE is assumed to measure EMR overlapping carriers every Thigher_priority_search when serving cell is above the threshold, and every Kcarrier * Tmeasure,NR_Inter when below the threshold, where Thigher_priority_search, Kcarrier and Tmeasure,NR_Inter are defined in clause 4.2.2.4 of 38.133.

The resulted measurement requirements from both options for different types of carriers are listed in Table 1. The last row for Type 5 carrier is left TBD because it is non-overlapping, which will be addressed later.
Table 1: measurement requirements from option 1 and option 2 for different types of carriers

	
	Configured for EMR
	Configured for mobility
	Option 1
	Option 2

	
	
	
	Above threshold
	Below threshold
	Above threshold
	Below threshold

	Type 1
	No
	Yes, high priority
	Thigher_priority_search
	Kcarrier * Tmeasure,NR_Inter
	Thigher_priority_search
	Kcarrier * Tmeasure,NR_Inter

	Type 2
	No
	Yes, low priority
	Not measured
	Kcarrier * Tmeasure,NR_Inter
	Not measured
	Kcarrier * Tmeasure,NR_Inter

	Type 3
	Yes
	Yes, high priority
	Kcarrier * Tmeasure,NR_Inter
	Kcarrier * Tmeasure,NR_Inter
	Thigher_priority_search
	Kcarrier * Tmeasure,NR_Inter

	Type 4
	Yes
	Yes, low priority
	Kcarrier * Tmeasure,NR_Inter
	Kcarrier * Tmeasure,NR_Inter
	Thigher_priority_search
	Kcarrier * Tmeasure,NR_Inter

	Type 5
	Yes
	No
	TBD
	TBD
	TBD
	TBD


One observation from the table is that with option 1 UE may have to measure with two different intervals. 
· The measurement interval is 60s for type 1, and 
· The measurement interval is Tmeasure,NR_Inter for type 3 and 4. 
This will increase UE implementation complexity, since the algorithm for scheduling measurements has to be designed such that the respective requirements are met for both measurement intervals. This has not been required based on any existing measurement requirements defined for NR, instead when defining the existing requirements e.g. CSSF for connected mode measurements, the assumption is that they can be met by UE with simple scheduling algorithm. 
In addition, the scheduling algorithm needs to accommodate all possible configurations in terms of e.g. number of type 1 carriers and type 3/4 carriers and the DRX cycle in Tmeasure,NR_Inter. This will further complicate the UE implementation.
Observation 1: Option 1 will increase UE implementation complexity, as UE may have to measure with two different intervals.
On the other hand, as EMR is a new feature it is worthwhile to have a look at whether the additional UE complexity is justified, i.e. whether there is clear system gain if we define requirements based on option 1. The benefit of option 1, as far as we can see, is that the measurement period for EMR will be shorter when serving cell is above the search threshold in some cases. 

However, we do not think this is a strong justification for the additional UE complexity. EMR is not a time critical task, as it is only requested and used when UE enters connected mode. It is possible that the EMR is not used at all e.g. when UE stays in idle mode for a time period much longer than T331. Even UE reports the EMR to the network, it is up to network whether to use the EMR or not when configuring CA or DC to the UE. As the use of EMR is opportunistic, we do not see not much point to have a tight requirement on EMR measurement period, especially when it increase UE complexity considerably.
Another factor to consider is the UE power consumption. The reason to have large measurement interval for mobility measurement when serving cell is above the search threshold is to enable UE power saving. Now if we define EMR requirements with option 1, UE still has to measure with a short interval which lead to larger power consumption. We understand EMR and mobility measurements are for different purposes, but we do not see the point to have tighter measurement period for EMR than for mobility, especially when it increase UE power consumption.
Observation 2: The complexity and additional power consumption due to option 1 is not well justified, as EMR measurement is not time critical and use of EMR is anyway opportunistic. 

Based on above observations, we prefer option 2 to define EMR measurement requirements. The concern on option 2, raised by the opponents in RAN4#95-e, is that it may contradict with RAN2 agreement, more specifically the following note in section 5.7.8.2 of 38.331.
	NOTE 1:
The fields s-NonIntraSearchP and s-NonIntraSearchQ in SIB2 do not affect the idle/inactive UE measurement procedures. How the UE performs idle/inactive measurements is up to UE implementation as long as the requirements in TS 38.133 [14] are met for measurement reporting.


To resolve this uncertainty, RAN4 sent LS to RAN2 [2] asking if option 1 or option 2 contradicts with RAN2 agreement. The reply LS from RAN2 [3] states that “R2 intended that Search thresholds (s-NonIntraSearchP and s-NonIntraSearchQ) do not apply to EMR measurements performed on carriers configured for EMR measurements”.  
In our view, the reply LS confirms the first sentence of the Note, i.e. the measurement procedure is not affected by the search threshold. On the other hand, when the reply LS was discussed in RAN2 GTW, it was clear that how to define measurement requirements is up to RAN4, and that was why there is no comment on the two options mentioned in [2]. 
Observation 3: Option 2 is not contradict with RAN2, as RAN2 is defining measurement procedure while the measurement requirements are up to RAN4.
We suggest to define EMR measurement requirements based on option 1.

Proposal 1: EMR measurement requirements for overlapping carriers are defined based on serving cell condition and the search threshold.
· Follow existing requirements for higher priority mobility carriers, if serving cell condition is above the search threshold, and 

· Follow existing requirements for higher/equal/lower priority mobility carriers, if serving cell condition is below the search threshold
2.2. Measurement requirements for non-overlapping carriers
In RAN4#94-e-bis, it was agreed that the measurement requirements for overlapping carriers follow the existing requirements for mobility. Based on discussions in section 2.1, it means that UE does not need to perform additional or different measurement for EMR, i.e. UE just measures the carrier for mobility and meets the requirements defined for mobility, and the results are reused for both reselection evaluation and EMR.
However, the requirements for non-overlapping carriers are still open as they are additional measurements on top of the mobility measurements. There are basically two options for non-overlapping carriers:
· Option A: single measurement for detected cells 
· Option B: periodic cell detection and measurement for all cells

Our preference is option B. In our view, option A will make the EMR feature very risky for both UE and network. It means the UE may perform the single measurement for non-overlapping carriers at any time when UE is in Idle/Inactive, and report the stored measurement results when entering Connected. It is then very likely that the measurement results are outdated due to UE mobility. 

Observation 4: With option A (single shot measurement), it is likely that the measurement results for non-overlapping carriers are outdated.

On the other hand, per RAN2 procedure UE is required to report all the available measurement results for EMR when requested by network, no matter how old the measurement is. Network also has no means to tell if the reported measurement results are outdated or not. Therefore, it is likely that network makes wrong CA/DC setup based on outdated information. This will cause adverse impact to both UE and network, e.g. waste of signalling resources and slower CA/DC setup compared to the case without EMR.
Observation 5: Network may make wrong CA/DC setup based on outdated information, which causes adverse impact to both UE and network.
Based on above observations, we think UE should also perform periodic cell detection and measurement for non-overlapping carriers. This is also reasonable from EMR perspective, as overlapping carriers and non-overlapping carriers are of equal importance for CA/DC setup.
As to the exact measurement period for non-overlapping carriers, our preference is to define it same as for overlapping carriers with option 2 in section 2.1. In this way, there is unified measurement behaviour for all carriers, for both cases when the serving cell is above and below the search threshold. The measurement requirements for different types of carriers are shown in Table 2.
Table 2: measurement requirements for different types of carriers

	
	Configured for EMR
	Configured for mobility
	Above threshold
	Below threshold

	Type 1
	No
	Yes, high priority
	Thigher_priority_search
	Kcarrier * Tmeasure,NR_Inter

	Type 2
	No
	Yes, low priority
	Not measured
	Kcarrier * Tmeasure,NR_Inter

	Type 3
	Yes
	Yes, high priority
	Thigher_priority_search
	Kcarrier * Tmeasure,NR_Inter

	Type 4
	Yes
	Yes, low priority
	Thigher_priority_search
	Kcarrier * Tmeasure,NR_Inter

	Type 5
	Yes
	No
	Thigher_priority_search
	Kcarrier * Tmeasure,NR_Inter


There are two concerns on having periodic cell detection and measurement for non-overlapping carriers. One is additional power consumption, and the other is the extended delay for mobility measurement. They are discussed as follows.
· Power consumption: As long as there is ongoing mobility measurement, the measurement on non-overlapping carriers will not cause additional power consumption. The only exception case is when there are only carriers of type 4 or type 5, i.e. UE does not need to perform any mobility measurement, and all the measurements performed are for EMR. We admit that in this case the power consumption will be increased due to periodic measurement, but we think this is justified in order to avoid the adverse impact due to possible wrong CA/DC setup based on outdated information.
· Extended delay for mobility measurement: When serving cell is above the search threshold, the delay for mobility measurement is anyway not critical. When serving cell is below the search threshold, there will be some adverse impact on mobility due to type 5 carriers. However, as the total number of carriers (EMR+mobility) will not exceed the capability defined in Rel-15, the longest delay, taking into account the measurement of non-overlapping carriers, will not exceed what is allowed in Rel-15.
Proposal 2: Measurement requirements for non-overlapping carriers are defined same as overlapping carriers. 
2.3. Beam level requirements for EMR
	UE requirements related to EMR and beam-level measurement capability (1-4):
1. Companies propose to introduce this as a UE capability. Hence, assuming capability is introduced moderator suggest that RAN4 will define beam level measurements for EMR requirements for UE supporting such capability
2. For a UE supporting beam level EMR RAN4 will introduce beam level measurement requirements for EMR under the assumption that UE will be allowed additional time for such measurement. Numbers are FFS.
3. For a UE not supporting beam level measurement for EMR capability shall support cell level measurement for EMR
Note: UE requirements related to EMR and beam-level measurement capability is a UE capability


In [1] it is agreed to introduce beam level measurement requirements for EMR, which is optional based on UE capability. There are two detailed requirements to defined, one is the number of beams UE should monitor per carriers, and the other is the measurement time to account for SSB index reading. 
On the number of beams, it is straightforward to re-use the number of beams for inter-frequency measurement in connected mode for EMR measurement, which are 

· FR1: 7 SSBs with different SSB index and/or PCI on the inter-frequency layer
· FR2: 10 SSBs with different SSB index and/or PCI on the inter-frequency layer
Proposal 3: For beam level EMR measurements, UE is required to measure

· FR1: 7 SSBs with different SSB index and/or PCI on the inter-frequency layer

· FR2: 10 SSBs with different SSB index and/or PCI on the inter-frequency layer
On the measurement time, same as for connected mode requirements, UE should be allowed additional time for SSB index reading, which is not part of current idle mode measurements for mobility purpose. From the requirements in clause 9.3 of 38.133, the number of samples for SSB index reading is 3 in FR1 and 5 in FR2. In idle mode requirements a single number of samples is defined for FR1 and FR2, so we suggest to use 5 samples as the baseline.
· When serving cell is below the search threshold, a new column for SSB index reading time (Tindex,NR_Inter) can be defined in the same way as Tevaluate,NR_Inter except that for 2.56s DRX the number of samples is 5 instead of 3. In connected mode requirements, the SSB index reading time (TSSB_time_index_inter) is included in the cell identification time (Tidentify_inter_with_index), such that SSB index reading is only needed once when the SSB is detected for the first time. The same principle should be followed for idle mode, and this gives Table 3 which includes a new column for Tindex,NR_Inter, and the time Tdetect,NR_Inter is updated by adding Tindex,NR_Inter on top of the existing value.
Table 3: Beam level EMR measurement requirements when serving cell is below the search threshold
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Inter [s] (number of DRX cycles)
	Tmeasure,NR_Inter [s] (number of DRX cycles)
	Tevaluate,NR_Inter [s] (number of DRX cycles)
	Tindex,NR_Inter [s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	
	

	0.32
	1
	8
	16.64 x N1 x 1.5 (52 x N1 x 1.5)
	1.28 x N1 x 1.5 (4 x N1 x 1.5)
	5.12 x N1 x 1.5 (16 x N1 x 1.5)
	5.12 x N1 x 1.5 (16 x N1 x 1.5)

	0.64
	
	5
	23.04x N1 (36 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	38.4 x N1 (30 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	3
	71.68 x N1 (28 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)
	12.8 x N1 (5 x N1)

	Note 1:
Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle length.


· When serving cell is above the search threshold, currently UE is required to search the carrier within 60s, including SSB detection and measurement. Now with SSB index reading, this time should be also increased. Considering the ratio between Tindex,NR_Inter and the current Tdetect,NR_Inter, we suggest to add 12s on top of the existing search time for high priority carrier, which is 72s when UE is required to perform beam level EMR.
Proposal 4: Beam level EMR measurement requirements are defined as 
· In Table 3 when serving cell is below the search threshold

· 72s when serving cell is above the search threshold

2.4. Number of EMR carriers
In RAN4#95-e some agreements are made regarding the number of EMR carriers, which is shown in Table 4, where the red texts are our proposals as discussed in the following.
Table 4: Number of EMR carriers UE shall monitor based on RAN4#95-e agreement
	
	Total number of EMR carriers
	Number of overlapping carriers
	Number of non-overlapping carriers

	NR inter-frequency EMR carriers
	≤7
	≤7
	FFS ( ≤7

	LTE inter-RAT EMR carriers
	≤7
	≤7
	1

	NR inter-frequency and LTE inter-RAT EMR carriers
	≤13
	Not defined
	Not defined


The remaining issue is the number of non-overlapping inter-frequency EMR carriers. In our view, this depends on the measurement requirements for non-overlapping carriers. Assuming the measurement requirements for non-overlapping carriers are same as overlapping carriers as we proposed in section 2.2, we do not see strong motivation to have a limit on number of non-overlapping carriers, i.e. the number of non-overlapping inter-frequency EMR carriers is ≤7.
For example, when UE is not configured with any mobility carriers, network can configure up to 7 type 5 carriers for EMR. When UE is configured with 4 mobility carriers, network can configure up to 3 type 5 carriers for EMR. It is up to network responsibility to make sure the total number of inter-frequency EMR carriers does not exceed 7, as otherwise there would be no UE measurement requirement. Network should also account for the impact on mobility measurement latency due to additional measurement on non-overlapping carriers.
Proposal 5: The number of non-overlapping inter-frequency EMR carriers is ≤7, assuming that same measurement requirements are defined for overlapping and non-overlapping carriers.
2.5. Conditions for ‘actively measure’
In RAN4#94-e-bis, it is agreed in [4] that 

	· Definition of overlapping and non-overlapping (sub-topic 1-2)
· An overlapping carrier is a carrier which the UE is actively measuring for EMR and mobility.
· A non-overlapping carrier is a carrier which the UE is actively measuring for EMR.
· Note: overlapping and overlapping carrier relates to a carrier configured for EMR.


However, companies have different views on the condition for ‘actively measure’ in RAN4#95-e. The controversial part is whether conditions for ‘actively measure’ for mobility should be considered in the definition of overlapping and non-overlapping carriers.

It is clear from RAN2 that whether a carrier is actively measured for mobility is based on serving cell condition and the search threshold, i.e. a carrier is actively measured for mobility if 
· It is configured with higher priority than UE’s serving carrier, or

· It is configured with equal or lower priority than UE’s serving carrier, and Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ
This will impact the classification of type 4 carrier:

· Alt 1: If the ‘actively measure’ conditions for mobility is considered, type 4 carrier should be defined as 
· Non-overlapping carrier, when serving cell condition is above the search threshold

· Overlapping carrier, when serving cell condition is below the search threshold

· Alt 2: If the ‘actively measure’ conditions for mobility is not considered, type 4 carrier should be defined as overlapping carrier regardless of the search threshold.
Alt 1 is more aligned with the RAN4#94-e-bis agreement, and technically it is more accurate. When serving cell is above the search threshold, UE will not measure type 4 carrier for mobility, so type 4 carrier is only measured for EMR, and it is additional measurement on top of the mobility measurement. In this sense, it should be defined as non-overlapping carrier. On the other hand, Alt 1 means classification of type 4 carrier can be dynamically changed from a non-overlapping carrier to an overlapping carrier or vice versa when UE is moving, which will create additional complexity for specification.

In our view, the selection between Alt 1 and Alt 2 depends on how measurement requirements differs between non-overlapping and overlapping carriers. Assuming the measurement requirements for non-overlapping carriers are same as overlapping carriers as we proposed in section 2.2, it does not matter technically if type 4 carrier is defined as overlapping or non-overlapping carrier. Therefore, we suggest to discuss how to account ‘actively measure’ conditions for mobility in definition of overlapping and non-overlapping carriers after measurement requirements for EMR are settled.
Proposal 6: RAN4 to discuss how to account ‘actively measure’ conditions for mobility in definition of overlapping and non-overlapping carriers after measurement requirements for EMR are settled.
3. Conclusions

In this paper we provided our views on NR EMR measurement requirements.

Proposal 1: EMR measurement requirements for overlapping carriers are defined based on serving cell condition and the search threshold.

· Follow existing requirements for higher priority mobility carriers, if serving cell condition is above the search threshold, and 

· Follow existing requirements for higher/equal/lower priority mobility carriers, if serving cell condition is below the search threshold
Proposal 2: Measurement requirements for non-overlapping carriers are defined same as overlapping carriers. 

Proposal 3: For beam level EMR measurements, UE is required to measure

· FR1: 7 SSBs with different SSB index and/or PCI on the inter-frequency layer

· FR2: 10 SSBs with different SSB index and/or PCI on the inter-frequency layer
Proposal 4: Beam level EMR measurement requirements are defined as 

· In Table 3 when serving cell is below the search threshold

· 72s when serving cell is above the search threshold

Proposal 5: The number of non-overlapping inter-frequency EMR carriers is ≤7, assuming that same measurement requirements are defined for overlapping and non-overlapping carriers.

Proposal 6: RAN4 to discuss how to account ‘actively measure’ conditions for mobility in definition of overlapping and non-overlapping carriers after measurement requirements for EMR are settled.
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