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1. Introduction

For UE measurement capability, there is no conclusion in last RAN4 #84bis meeting, the only approved WF is in RAN4 AH NR#3 meeting, some agreements were duplicated as below,

	· The measurement capability shall be defined per reference signal type. 

· Option 1: define capability on number of cells per frequency layer and number of beams per cell 

· Option 2: define capability on number of beams per frequency layer

· Option 3: define capability on number of cells per frequency layer and number of beams per frequency layer

· Definition of “Number of cells per frequency layer”:

· The UE SSB based measurement capability for the number of cells to monitor should be specified as frequency range dependent (e.g. Sub-6GHz, mmWave)

· Sub-6GHz:

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [8] identified SSB based intra-frequency cells

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [4] cells per frequency layer 

· mmWave:

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [x] identified SSB based intra-frequency cells

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [y] cells per frequency layer 

· x, y and z are TBD

· Definition of “Number of beams per cell”:

· The UE SSB based measurement capability for the number of beams to monitor should be specified as frequency range dependent (e.g. Sub-6GHz, mmWave)

· Sub-6GHz:

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [m1] identified SSB based intra-frequency beams per cell 

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [n1] identified beams per cell 

· mmWave:

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to simultaneously monitor [m2] identified SSB based intra-frequency beams per cell 

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [n2] identified beams per cell 

· Definition of “Number of beams per frequency:

· The UE SSB based measurement capability for the number of beams to monitor should be specified as frequency range dependent (e.g. Sub-6GHz, mmWave)

· Sub-6GHz:

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [k1] identified SSB based intra-frequency beams per frequency layer

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [h1] identified SSB based intra-frequency beams per frequency layer

· mmWave:

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [k2] identified SSB based intra-frequency beams per frequency layer

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [h2] identified SSB based intra-frequency beams per frequency layer

· Monitoring carrier number:

· IncMon feature shall be deprioritized in Rel-15 NR.

· the NR UE capability of frequency layers in CONNECTED mode is provided below for Release 15 NR.

· Define the same UE capability for both NSA and SA in terms of number of NR inter-frequency carriers
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The UE shall be capable of monitoringat least per RAT group

- Depending on UE capability, [x] TDD E-UTRA inter-frequency carriers, and
- Depending on UE capability, [y] FDD E-UTRA inter-frequency carriers, and
- Depending on UE capability, [8] NR inter-RAT carriers

the UE shall be capable of monitoring a total of at least [z1] effective carrier frequency layers comprising of any above defined combination of
NR, E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x and HRPD layers

Release 15 LTE-NR NSA UE

The LTE-NR NSA UE shall be capable of monitoring at least per RAT group
- Depending on UE capability, [7] NR inter-frequency carriers
FFS: if E-UTRA should be included in 38.133

the UE shall be capable of monitoring a total of at least [z2] effective carrier frequency layers comprising of any above defined
combination of NR, [E-UTRA FDD, E-UTRA TDD if introduced].







In this contribution we continue to have discussion on the UE measurement capability based on the latest progress. 
2. Capability on monitoring cell number
For sub6GHz, the cell number for monitoring is: 
· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [8] identified SSB based intra-frequency cells

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [4] cells per frequency layer 

 For mmWave case, the SLS simulation results in last meeting was summarized in [1],
Table 1. Summary of cell number from SLS

	Case
	Number of detectable cells for all UEs
	Number of detectable cells for cell edge UEs

	
	20%
	50%
	90%
	20%
	50%
	90%

	minimum
	1
	2
	3
	1
	1
	2

	mean
	3.1214286
	4.7214286
	7.3357143
	1.75
	2.75
	3.888889

	median
	3
	5
	8
	1
	2
	3

	maximum
	5.5
	8.2
	13.4
	4
	6
	8


With help of beamforming, UE may able to detect more cells from the SLS results, however, in mmWave case, UE also need to monitor beams which can be configured up to 64 at gNB side, and therefore more cells monitoring will introduce more complexity and power consumption to the UE. On the other hand, the cell number of sub6GHz case may not introduce any big impact on the mobility of mmWave since those numbers are also used in LTE legacy and high speed case. As a trade-off, we propose to keep the same cell number as sub6GHz, which is:
Proposal 1: For FR2, the cell number for monitoring is: 

· For SSB based intra-frequency measurement , UE is required to at least monitor [8] identified SSB based intra-frequency cells

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [4] cells per frequency layer 
3. Capability on monitoring beam number

In last meeting some companies mentioned that, in legacy LTE, we have UE capability requirement of carrier number on each RAT and also we have a capability requirement of total carrier number for all RATs. If we define the beam number per cell, it may increase the total number of beams for UE to monitor and it’s really a big burden. On the other hand, defining beam number per cell is not flexible enough from network side if network want UE to report more beams on certain cells but don’t want so many beams reported on other cells. In order to make the trade-off between UE complexity and NW flexibility, we would like to revise the proposal from last meeting, 
Proposal 2: define capability on number of cells per frequency layer and number of beams per frequency layer 

Based on the SLS results summary in last meeting, the beam number per frequency layer were provided, but most of the companies set the gNB Tx beam number as 32 and less, and only in NTT DOCOMO paper (R1-1710940) the 64 Tx beam case was evaluated, which show that the beams monitored by cell edge UE is 16 at 90%. For inter-frequency case, the monitoring beam number will be less than intra-frequency case, and we propose to use the same proportional scale between intra-frequency cell number and inter-frequency cell number, that is,
Proposal 3: For FR2, the beam number for monitoring is: 

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [16] identified beams per intra-frequency.
· For SSB based inter-frequency measurement, UE is required to at least simultaneously monitor [8] identified beams per inter-frequency.
4. Capability on monitoring carrier number

A draft TP[2] was discussed in the last meeting, which is duplicated as below,
	9.1.2.2
Monitoring of multiple layers using gaps
The requirements in this section are applicable for UE capable of E-UTRA-NR dual connectivity operation with E-UTRA PCell.
When monitoring of multiple inter-frequency NR and E-UTRAN carriers using gaps (or without using gaps provided the UE supports such capability) is configured, the UE shall be capable of performing one measurement of the configured measurement type (SS-RSRP, SS-RSRQ, SS-SINR, E-UTRAN RSRP, E-UTRAN RSRQ, E-UTRAN RS-SINR measurements, etc.) of detected cells on all the layers.
For UE configured with the E-UTRA-NR dual connectivity operation, the effective total number of frequencies excluding the frequencies of the PSCell, SCells, E-UTRA PCell, and E-UTRA SCells being monitored is Nfreq, NSA, which is defined as:
Nfreq, NSA = Nfreq, NR + Nfreq, E-UTRA ,
where

Nfreq, NR = Nfreq, inter-freq NR, NSA + Nfreq, inter-RAT NR, NSA,

Nfreq, inter-freq NR, NSA is the number of inter-frequency NR carriers being monitored as specified in Section 9.1.2.2.1,

Nfreq, inter-RAT NR, NSA is the number of inter-RAT NR carriers being monitored as specified in [TS 36.133, Section X],
Nfreq, E-UTRA is the number of E-UTRA inter-frequency carriers being monitored (FDD and TDD) as specified in [TS 36.133, Section X].

Editor’s note: The possible overlap between Nfreq, inter-freq NR, NSA and Nfreq, inter-RAT NR, NSA is FFS.
9.1.2.2.1
Maximum allowed layers for multiple monitoring

If a UE is configured with E-UTRA-NR dual connectivity operation, the UE shall be capable of monitoring at least:

-
Depending on UE capability, Nfreq, inter-freq NR, NSA =[8] inter-frequency NR carriers.
In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least [TBD] effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD and E-UTRA TDD.


As per the agreement in WF [2], the number of inter-frequency NR carriers being monitored shall be 7 based on the UE capability and previous discussion in RAN4. However, as discussed in last meeting there might be two issues to address before we finalize the UE measurement capability.
(Do we need to consider inter-RAT NR carriers?

Inter-RAT NR carrier is configured by LTE eNB RRC, since NR cell is an inter-RAT cell to the LTE cell. However, the measurement capability is a requirement for per-UE level, and we need to consider the requirement from UE perspective rather than the measurement configuration source. As in a reply LS to RAN2, we concluded that UE may treat the measurement object on the same frequency layers as a single object, that means, inter-RAT NR measurement configured by LTE PCell and the inter-frequency NR measurement configured by NR PSCell will be considered as same object as long as they are on the same carrier, and it will not cause any additional UE behaviour to conduct the measurement. So, here, similarly, the inter-RAT NR carrier configured by LTE PCell shall also be considered as an inter-frequency NR carrier as long as this UE is in EN-DC status.

Proposal 4: Nfreq, inter-RAT NR, NSA, which is the number of inter-RAT NR carriers, shall not be included in the UE measurement capability requirement when UE is in EN-DC status, i.e. NR is PScell for the UE.
( Overlap between Nfreq, inter-freq NR, NSA and Nfreq, E-UTRA
If LTE and NR cells coexist on a same carrier, there might be some overlap between Nfreq, inter-freq NR, NSA and Nfreq, E-UTRA. As UE may share the same RF/BB resource for measurement on LTE and NR, it may impact the monitoring cell number for each RAT. For instance, in LTE at least 4 cells need to be monitored and also in NR at least 4 cells need to be monitored, but if LTE and NR are on the same carrier, it is not reasonable to expect UE can simultaneously monitor 8 cells of LTE+NR. In this sense, we propose to count LTE and NR carrier separately even though NR and LTE are coexisting on some of the carriers.
Proposal 5: Count LTE and NR carrier separately even though NR and LTE are coexisting on some of the carriers, e.g. F1 is a carrier which has both LTE and NR cells, the F1 shall be counted into both Nfreq, inter-freq NR, NSA and Nfreq, E-UTRA.

So, considering LTE measurement capability in TS36.133, the Nfreq, E-UTRA shall be 6 and therefore the total effective carrier frequency shall be 13.

Proposal 6: the UE shall be capable of monitoring a total of at least [13] effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD and E-UTRA TDD

A draft TP is as below,

-----------------------------------------------------------------Text Proposal--------------------------------------------------------------

9.1.3.1
Monitoring of multiple layers using gaps
The requirements in this section are applicable for UE capable of E-UTRA-NR dual connectivity operation with E-UTRA PCell.
When monitoring of multiple inter-frequency NR and E-UTRAN carriers using gaps (or without using gaps provided the UE supports such capability) is configured, the UE shall be capable of performing one measurement of the configured measurement type (SS-RSRP, SS-RSRQ, SS-SINR, E-UTRAN RSRP, E-UTRAN RSRQ, E-UTRAN RS-SINR measurements, etc.) of detected cells on all the layers.
For UE configured with the E-UTRA-NR dual connectivity operation, the effective total number of frequencies excluding the frequencies of the PSCell, SCells, E-UTRA PCell, and E-UTRA SCells being monitored is Nfreq, NSA, which is defined as:
Nfreq, NSA = Nfreq, inter-freq NR, NSA + Nfreq, E-UTRA ,
where

Nfreq, inter-freq NR, NSA is the number of inter-frequency NR carriers being monitored as specified in Section 9.1.2.2.1,

Nfreq, E-UTRA is the number of E-UTRA inter-frequency carriers being monitored (FDD and TDD) as specified in [TS 36.133, Section X].
The carriers in Nfreq, inter-freq NR, NSA and Nfreq, E-UTRA shall be counted separated regardless of NR and E-UTRAN coexisting on same carrier(s).
9.1.3.2
Maximum allowed layers for multiple monitoring

If a UE is configured with E-UTRA-NR dual connectivity operation, the UE shall be capable of monitoring at least:

-
Depending on UE capability, Nfreq, inter-freq NR, NSA =[7] inter-frequency NR carriers.
In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least [13] effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD and E-UTRA TDD.
-----------------------------------------------------------------Text Proposal--------------------------------------------------------------

5. Conclusion
The indication interval is still open for NR RLM and in this contribution we discuss the possible intervals for both DRX and non-DRX cases.

Proposal 1: For FR2, the cell number for monitoring is: 

· For SSB based intra-frequency measurement , UE is required to at least monitor [8] identified SSB based intra-frequency cells

· For SSB based inter-frequency measurement, the NR UE shall be capable of performing SSB based measurements of at least [4] cells per frequency layer 
Proposal 2: define capability on number of cells per frequency layer and number of beams per frequency layer 

Proposal 3: For FR2, the beam number for monitoring is: 

· For SSB based intra-frequency measurement with and without measurement gap, UE is required to at least simultaneously monitor [16] identified beams per intra-frequency.
· For SSB based inter-frequency measurement, UE is required to at least simultaneously monitor [8] identified beams per inter-frequency.
Proposal 4: Nfreq, inter-RAT NR, NSA, which is the number of inter-RAT NR carriers, shall not be included in the UE measurement capability requirement when UE is in EN-DC status, i.e. NR is PScell for the UE.
Proposal 5: Count LTE and NR carrier separately even though NR and LTE are coexisting on some of the carriers, e.g. F1 is a carrier which has both LTE and NR cells, the F1 shall be counted into both Nfreq, inter-freq NR, NSA and Nfreq, E-UTRA.

Proposal 6: the UE shall be capable of monitoring a total of at least [13] effective carrier frequency layers comprising of any above defined combination of NR, E-UTRA FDD and E-UTRA TDD
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