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1 Introduction
RAN4 received an LS from RAN2 [1] asking for a clarification on whether the Rel-16 UE measurement requirements allow for the following configurations, considering that the UE can be configured with early measurements not only via dedicated signalling but also via broadcast signalling:
For early measurement configuration and reporting, ASN.1 signalling to allow the configuration of


-up to 8 E-UTRA and 8 NR carries to be measured


-up to 8 E-UTRA and 8 NR carriers to be reported


-up to 32 beams to be included in the NR results (per carrier).

In RAN4#94-e-Bis, the following related agreements were made:

· Defining the number of EMR carriers (sub-topic 1-4)
· if N>14:
· Option 1: no RAN4 requirements defined (UE implementation)

· Agreement:
· Total number of carriers that the UE needs to measure for cell reselection and EMR (overlapping or not overlapping), including NR and LTE carriers, cannot exceed Rel-15 UE capability (as defined in 38.133, section 4.2.2.1)
· Number of LTE EMR carriers:
· The number of LTE EMR inter-frequency carriers remain unchanged compared to Rel-15
In RAN4#94-e, the following related agreements on NR EMR were made [3]:

· The total number of carriers that the UE must measure, for mobility and for EMR (overlapping and non-overlapping), should not exceed UE’s NR idle mode mobility measurement capability (section 4.2.2.1 in 38.133).
· UE requirements related to number of overlapping and non-overlapping carriers for EMR in NR SA idle mode, use following in order to enable further discussions in RAN4 while leaving all numbers FFS:
· 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.
· There may be additional restrictions on number of LTE carriers to be measured in NR idle.
RAN4#94-e, agreements on inter-RAT EMR [4]:

· number of LTE EMR carriers to support:
· At least agree that the total number of carriers for EMR and mobility should not exceed the corresponding Rel-15 capability
· RAN4 discussion to continue to decide the actual number.
· Number of NR inter-RAT carriers:
· At least agree that the total number of carriers for EMR and mobility should not exceed the corresponding Rel-15 capability.
· RAN4 discussion to continue to decide the actual number.
In this contribution, we discuss the above topic and propose a response to RAN2 in [2].
2 Number of carriers

2.1 NR EMR
The measurement capability in RRC_IDLE for UE camping on NR cell, as specified in Section 4.2.2.1 of TS 38.133, is as follows:
-
Intra-frequency carrier, and

-
Depending on UE capability, 7 NR inter-frequency carriers, and

-
Depending on UE capability, 7 FDD E-UTRA inter-RAT carriers, and

-
Depending on UE capability, 7 TDD E-UTRA inter-RAT carriers.

In addition to the requirements defined above, a UE supporting E-UTRA measurements in RRC_IDLE state shall be capable of monitoring a total of at least 14 carrier frequency layers, which includes serving layer, comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD and NR layers.

Given the RAN4 agreements that the above UE capability shall not be exceeded for UE configured with EMR measurements and shall include the carriers for mobility and EMR measurements, the NR UE shall support the configuration of mobility and EMR measurements in total on:

· 8 NR carriers (1 serving and 7 inter-frequency NR carriers), 
· 7 FDD E-UTRA inter-RAT carriers, and 
· 7 TDD E-UTRA inter-RAT carriers.
Due to the purpose of EMR measurements, the EMR measurements are configured on non-serving carriers. So, unless RAN4 introduces any additional restriction on the number of EMR measurement carriers, EMR measurements can be configured on up to 7 carriers in each of the RAT while meeting the requirements in Section 4.2.2.1 of TS 38.133.

For NR UE, the total number of carriers for NR EMR and mobility measurements can be up to 7 NR inter-frequency carriers.

· Proposal 1: Inform RAN2 that for NR UE, 
· the total number of inter-frequency carriers for NR EMR and mobility measurements can be up to 7 NR inter-frequency carriers,

· within this capability, the UE shall be able to report EMR measurements on all carriers configured for EMR.

2.2 NR inter-RAT EMR

From TS 36.133, the UE measurement capability in RRC_IDLE is as follows:
-
Intra-frequency carrier, and

-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 3 FDD UTRA carriers, and

-
Depending on UE capability, 3 TDD UTRA carriers, and

-
Depending on UE capability, 32 GSM carriers, and

-
Depending on UE capability, 3 cdma2000 1x carriers, and

-
Depending on UE capability, 3 HRPD carriers.

-
Depending on UE capability, 8 NR inter-RAT carriers.

In addition to the requirements defined above, the UE which supports E-UTRA measurements and any of the above inter-RAT measurements including NR measurements in RRC_IDLE state shall be capable of monitoring a total of at least 10 effective carrier frequency layers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x, HRPD and NR layers.

Given the RAN4 agreement that the above UE capability shall not be exceeded for UE configured with EMR measurements and shall include the carriers for mobility and EMR measurements, the LTE UE shall support the configuration of mobility and EMR measurements in total on the numbers of carriers listed above.

The EMR measurements for LTE UE can be configured on up to 8 NR inter-RAT carriers.

According to RAN4#94-e-Bis agreement, the number of LTE EMR inter-frequency carriers is the same as in Rel-15.
· Proposal 2: Inform RAN2 that for LTE UE, 
· the total number of inter-RAT NR carriers for NR EMR and mobility measurements can be up to 8 NR inter-RAT carriers,
· the number of inter-frequency LTE carriers for EMR is the same as in Rel-15,
· within the above capability, the UE shall be able to report EMR measurements on all carriers configured for EMR.
3 Number of beams
There are currently no beam-level measurement requirements and measurement capability for RRC_IDLE in general. There are only cell-level measurement requirements and measurement capability, except for cell re-selection: when the UE is configured with rangeToBestCell the UE needs to know the cell with the highest number of beams above threshold absThreshSS-BlocksConsolidation. For UE in RRC_CONNECTED, the UE shall be able to measure on up to 10 beams on an inter-frequency layer in FR2.

However, for EMR purpose, the need to configure measurements per beam can be understood, and it should be possible for RAN4 to define corresponding measurement capability requirements. For such requirements, RAN4 could reuse the existing Rel-15 beam measurement capability requirements for inter-frequency measurements in RRC_CONNECTED state: 7 and 10 SSBs with different SSB index and/or PCI per inter-frequency layer in FR1 and FR2, respectively. We 
· Proposal 3: RAN4 will define UE measurement capability to support beam-level measurements for EMR on:

· inter-frequency NR carriers, and

· inter-RAT NR carriers.
· Proposal 4: The UE beam-level measurement capability requirements for EMR is the same as the number of beams in the existing inter-frequency requirements for RRC_CONNECTED state: 

· 7 SSBs with different SSB index and/or PCI per inter-frequency layer in FR1,

· 10 SSBs with different SSB index and/or PCI per inter-frequency layer in FR2.
4 Summary
The following have been proposed in this contribution:
· Proposal 1: Inform RAN2 that for NR UE, 
· the total number of inter-frequency carriers for NR EMR and mobility measurements can be up to 7 NR inter-frequency carriers,

· within this capability, the UE shall be able to report EMR measurements on all carriers configured for EMR.

· Proposal 2: Inform RAN2 that for LTE UE, 
· the total number of inter-RAT NR carriers for NR EMR and mobility measurements can be up to 8 NR inter-RAT carriers,
· the number of inter-frequency LTE carriers for EMR is the same as in Rel-15,
· within the above capability, the UE shall be able to report EMR measurements on all carriers configured for EMR.
· Proposal 3: RAN4 will define UE measurement capability to support beam-level measurements for EMR on:

· inter-frequency NR carriers, and

· inter-RAT NR carriers.
· Proposal 4: The UE beam-level measurement capability requirements for EMR is the same as the number of beams in the existing inter-frequency requirements for RRC_CONNECTED state: 

· 7 SSBs with different SSB index and/or PCI per inter-frequency layer in FR1,

· 10 SSBs with different SSB index and/or PCI per inter-frequency layer in FR2.
5 References
[1] R2-2002376, RAN2 LS on Clarification of UE requirements for early measurement performance and reporting, Feb. 2020.
[2] R4-2007966, Response LS on clarification of UE requirements for early measurement performance and reporting, May 2020.
[3] R4-2002234, WF on MR-DC RRM requirements, Nokia, Feb. 2020.

[4] R4-2002235, WF on NR Inter-RAT EMR requirements, Nokia, Feb. 2020.
PAGE  
3

