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1. Introduction

In RAN4 #85 meeting, the UE measurement capability of frequency layer for NSA was specified in TS38.133[1], and from this meeting, we would like to trigger the corresponding discussion for SA case (option 2 in the NR WID).
In this contribution we discuss the UE measurement capability of frequency layers for NR SA mode. 
2. Capability on monitoring carrier number

A draft TP[1] for NSA was approved in the last meeting, which is duplicated as below,

	9.1.3.1
Monitoring of multiple layers using gaps for NSA

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 E-UTRAN and inter-RAT NR carriers as configured by E-UTRA PCell, and inter-frequency NR carriers as configured by PSCell 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, NSA + Nfreq, E-UTRA,

where

Nfreq, E-UTRA is the number of E-UTRA inter-frequency carriers being monitored (FDD and TDD) as configured by E-UTRA PCell.

Nfreq_NSA_NR ≤ Nfreq_NSA_NR_inter-RAT + Nfreq_NSA_NR_inter-freq
where

Nfreq_NSA_NR_inter-RAT is the number of NR inter-RAT carriers being monitored as configured by E-UTRA PCell [15]

Nfreq_NSA_NR_inter-freq is the number of NR inter-frequency carriers being monitored as configured by PSCell
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, [7] NR inter-frequency carriers configured by PScell, and 

-
Depending on UE capability, [7] NR inter-RAT carriers configured by E-UTRA PCell [15], and

-
Depending on UE capability, [6] E-UTRA TDD inter-frequency carriers configured by E-UTRA PCell [15], and

-
Depending on UE capability, [6] E-UTRA FDD inter-frequency carriers configured by E-UTRA PCell [15],

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 layers. The UE shall be capable of monitoring a total of at least [7] effective NR carrier frequency layers configured by E-UTRA PCell and/or PScell. 

Note: The E-UTRA-NR dual connectivity capable UE configured with PSCell shall fulfil the requirements defined in only one of Section 9.1.3.2 and Section 8.2.1.1b.1 of [15].



In principle the number of frequency layers for UE to monitor may not be changed from NSA mode, but in order to consider NR as PCell, the requirement of measurement capability shall be revisited.

The requirements in the measurement capability section shall be applicable for UE capable of NR standalone operation with NR PCell. However, the NR standalone operation may include following operations:

For single connectivity option:

-
NR connected to 5G-CN (Option 2 in TR 38.801 section 7.1).
For Dual Connectivity options:

-
NR-E-UTRA DC via 5G-CN where the NR is the master (Option 4/4A in TR 38.801 section 10.1.3).
And as discussed in RAN plenary, the conclusion of option 4 is as below.
	· Conclusion: 
· Until March/2018 WGs shall prioritize on Option-3 stabilization (only essential corrections allowed), and on Option-2 specification work

· NR-NR DC is within the scope of the work, but needs basic Option-2 functionalities to stabilize first ( NR-NR DC to commence in Q2

· For Option-4, Option-7x: commence work once Option-2 and Option-3 are stabilized

· Check the progress in March, and adjust plans/measures if necessary 


So in this stage we may need to focus on the option 2 only for SA.

Proposal 1: specify the measurement capability requirement for Option 2 only (in TR 38.801 section 7.1) first.
For option 2 SA, we need to consider 3G and 2G carriers as well, so all the LTE/3G/2G carrier are inter-RAT carriers since all the serving cells are NR cells, while all the NR carriers are inter-frequency carriers since no NR cell measurement can be configured from a LTE cell(no serving cell is LTE cell for this NR UE). So when monitoring of multiple inter-frequency NR and inter-RAT carriers as configured by NR PCell 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, UTRAN TDD P-CCPCH RSCP, UTRAN FDD CPICH measurements, GSM carrier RSSI, etc.)of detected cells on all the layers.
For UE configured with the NR standalone operation, the effective total number of frequencies excluding the frequencies of the NR PCell, NR PSCell, and NR SCells being monitored is Nfreq, SA, which can be defined as:
Nfreq, SA = Nfreq, NR, SA + Nfreq, E-UTRA + Nfreq, UTRA + Mgsm + Nfreq, cdma2000 + Nfreq, HRPD,

where

Nfreq, E-UTRA is the number of E-UTRA inter-RAT carriers being monitored (FDD and TDD) as configured by NR PCell.

Nfreq, NR, SA is the number of NR inter-frequency carriers being monitored as configured by NR PCell 
Nfreq, UTRA is the number of UTRA carriers being monitored (FDD and TDD)

MGSM is an integer which is a function of the number of GSM carriers on which measurements are being performed. MGSM is equal to 0 if no GSM carrier is being monitored. For a MGRP of 40 ms, MGSM is equal to 1 if cells on up to 32 GSM carriers are being measured. For a MGRP of 80 ms, MGSM is equal to ceil(Ncarriers,GSM /20) where Ncarriers,GSM is the number of GSM carriers on which cells are being measured.

Nfreq, cdma2000 is the number of cdma2000 1x carriers being monitored.

Nfreq, HRPD is the number of HRPD carriers being monitored.
Regarding the UE capability of measurement, the number of frequency layers will not be impacted by the NR deployment options, so we propose that,

If a UE is configured with NR standalone operation, the UE shall be capable of monitoring at least:

-
Depending on UE capability, [7] NR inter-frequency carriers configured by NR PCell, and 

-
Depending on UE capability, [6] E-UTRA TDD inter-RAT carriers configured by NR PCell, and

-
Depending on UE capability, [6] E-UTRA FDD inter-RAT carriers configured by NR PCell

-
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 (one GSM layer corresponds to 32 carriers), and

-
Depending on UE capability, [5] cdma2000 1x carriers, and

-
Depending on UE capability, [5] HRPD 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, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x and HRPD layers. 

Proposal 2: the proposed measurement capability for NR SA mode is as below,
-----------------------------------------------------------------Text Proposal--------------------------------------------------------------

9.1.3.1
Monitoring of multiple layers using gaps for NSA
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 E-UTRAN and inter-RAT NR carriers as configured by E-UTRA PCell, and inter-frequency NR carriers as configured by PSCell 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, NSA + Nfreq, E-UTRA,
where
Nfreq, E-UTRA is the number of E-UTRA inter-frequency carriers being monitored (FDD and TDD) as configured by E-UTRA PCell.

Nfreq_NSA_NR ≤ Nfreq_NSA_NR_inter-RAT + Nfreq_NSA_NR_inter-freq
where

Nfreq_NSA_NR_inter-RAT is the number of NR inter-RAT carriers being monitored as configured by E-UTRA PCell [15]

Nfreq_NSA_NR_inter-freq is the number of NR inter-frequency carriers being monitored as configured by PSCell
9.1.3.2
Monitoring of multiple layers using gaps for SA
The requirements in this section are applicable for UE capable of NR standalone operation.

When monitoring of multiple inter-frequency NR and inter-RAT carriers as configured by PCell 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, UTRAN TDD P-CCPCH RSCP, UTRAN FDD CPICH measurements, GSM carrier RSSI, etc.) of detected cells on all the layers.

For UE configured with the NR standalone operation, the effective total number of frequencies excluding the frequencies of the PCell, PSCell, and SCells being monitored is Nfreq, SA, which is defined as:
Nfreq, SA = Nfreq, NR, SA + Nfreq, E-UTRA + Nfreq, UTRA + Mgsm + Nfreq, cdma2000 + Nfreq, HRPD,

where

Nfreq, E-UTRA is the number of E-UTRA inter-RAT carriers being monitored (FDD and TDD) as configured by NR PCell.

Nfreq, NR, SA is the number of NR inter-frequency carriers being monitored as configured by NR PCell 
Nfreq, UTRA is the number of UTRA carriers being monitored (FDD and TDD)

MGSM is an integer which is a function of the number of GSM carriers on which measurements are being performed. MGSM is equal to 0 if no GSM carrier is being monitored. For a MGRP of 40 ms, MGSM is equal to 1 if cells on up to 32 GSM carriers are being measured. For a MGRP of 80 ms, MGSM is equal to ceil(Ncarriers,GSM /20) where Ncarriers,GSM is the number of GSM carriers on which cells are being measured.

Nfreq, cdma2000 is the number of cdma2000 1x carriers being monitored.

Nfreq, HRPD is the number of HRPD carriers being monitored.
9.1.3.3
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, [7] NR inter-frequency carriers configured by PScell, and 

-
Depending on UE capability, [7] NR inter-RAT carriers configured by E-UTRA PCell [15], and

-
Depending on UE capability, [6] E-UTRA TDD inter-frequency carriers configured by E-UTRA PCell [15], and

-
Depending on UE capability, [6] E-UTRA FDD inter-frequency carriers configured by E-UTRA PCell [15],

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 layers. The UE shall be capable of monitoring a total of at least [7] effective NR carrier frequency layers configured by E-UTRA PCell and/or PScell. 

Note: The E-UTRA-NR dual connectivity capable UE configured with PSCell shall fulfil the requirements defined in only one of Section 9.1.3.2 and Section 8.2.1.1b.1 of [15].
If a UE is configured with NR standalone operation, the UE shall be capable of monitoring at least:

-
Depending on UE capability, [7] NR inter-frequency carriers configured by NR PCell, and 

-
Depending on UE capability, [6] E-UTRA TDD inter-RAT carriers configured by NR PCell, and

-
Depending on UE capability, [6] E-UTRA FDD inter-RAT carriers configured by NR PCell

-
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 (one GSM layer corresponds to 32 carriers), and

-
Depending on UE capability, [5] cdma2000 1x carriers, and

-
Depending on UE capability, [5] HRPD 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, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x and HRPD layers. 
-----------------------------------------------------------------Text Proposal--------------------------------------------------------------
3. Conclusion
In this contribution we discuss the UE measurement capability of frequency layers for NR SA mode. 

Proposal 1: Specify the measurement capability requirement for Option 2 only (in TR 38.801 section 7.1) first.
Proposal 2: The measurement capability requirement for NR SA mode is proposed in the text proposal in this contribution.
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