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1 Introduction
In RAN4 NR AH#2, some agreements were reached and some areas for further investigation were identified on the expected requirements in 36.133 for NSA. In addition, since there are only 3-4 meetings remaining to complete the work on NSA RRM requirements, as well as finalising lists it is important to agree the methodology and start to work on the details of each area where requirements are needed.

The agreements from the RRM way forward are

	Following was agreed:

· Inter-RAT NR measurement requirements should be introduced in TS36.133. 
· Further analysis is needed on existing capability for measurement, event triggering and reporting criteria should be revisited. 

· Inter-RAT NR measurement can be with gaps or without gaps from LTE side.

· Measurement accuracy and report mapping for NR reference signals should be introduced in TS36.133.

· Introduce the requirement by referring to inter-frequency measurement requirements TS38.133.

· The delay uncertainty for PRACH on PSCell should be checked from NR PRACH design.

· The existing interruption requirements for E-UTRAN PSCell addition/release in TS36.133 could be used as baseline for NR PSCell addition/release in NSA scenario.

· The number for the requirements need further study

· The interruption depends on the UE architecture.

Interested companies are invited to investigate further details regarding the topics.



2 Discussion

The basic requirements for 36.133 to support NSA operation are agreed, and RAN4 needs to work on further details to develop the requirements. Firstly, we observe that the main reason for including measurement requirements in 36.133 is

a) To ensure that interRAT are specified, so that NR can be measured to allow a suitable PSCell to be configured. Once the PSCell has been configured, NR measurements may be reported to the (NR) PSCell so 38.133 requirements will be applicable

b) To capture aspects impacting the LTE operation of the device such as interruptions caused by NR RRM activities.

Observation 1: NSA requirements in 36.133 are to support RRM to allow an NR PSCell to be configured, and to capture any impacts such as interruption to LTE from NR RRM activities

Next, we consider the methodology for developing the various needed requirements

1) Measurement capability

The NR measurement capability should be in addition to existing measurement capabilities. Specifically, the following changes are needed:
· Addition of a minimum number of NR layers to monitor to section 8.1.2.1.1.1 Maximum allowed layers for multiple monitoring and 8.1.2.1.1.1a Maximum allowed layers for multiple monitoring for incmon. Even though incmon may not be specified for NR, still there need to be applicable measurement requirements for UEs that support UTRA and LTE incmon.

	The UE shall be capable of monitoring at least per RAT group:

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

-
Depending on UE capability, 1 FDD E-UTRA inter-frequency carrier for RSTD measurements, and

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

-
Depending on UE capability, 1 TDD E-UTRA inter-frequency carrier for RSTD measurements, 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 (one GSM layer corresponds to 32 carriers), and

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

-
Depending on UE capability, 5 HRPD carriers

-
Depending on UE capability, X NR carriers


Proposal 1: Sections 8.1.2.1.1.1 and 8.1.2.1.1.1a are updated to reflect the number of NR carriers that the UE is required to measure
The next change which needs to be considered is extension of the Nfreq concept to include NR carriers eg

	8.1.2.1.1
Monitoring of multiple layers using gaps

When monitoring of multiple inter-frequency E-UTRAN and inter-RAT (UTRAN, GSM and NR) 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 (RSRP, RSRQ, RSTD, UTRAN TDD P-CCPCH RSCP, UTRAN FDD CPICH measurements, GSM carrier RSSI, SSRP, CSI-RP, SSRQ, CSI-RQ, SS-SINR, CSI-SINR etc.) of detected cells on all the layers

The effective total number of frequencies excluding the frequencies of the PCell, SCells, and PSCell being monitored is Nfreq, which is defined as:

Nfreq = Nfreq, E-UTRA + Nfreq, UTRA + Mgsm + Nfreq, cdma2000 + Nfreq, HRPD + Nfreq, NR
where

Nfreq, E-UTRA is the number of E-UTRA carriers being monitored (FDD and TDD)

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, NR is the number of NR carriers being monitored


Proposal 2: The Nfreq scaling is updated to include Nfreq, NR
Criteria for number of NR cells to measure, number of beams etc. should be captured in a new section 8.1.2.4.x covering NR measurements. This should include NR cell identification requirements with and without LTE DRX, side conditions for NR Cell identification, measurement period, and number of cells and beams to measure. Most of these topics can be progressed once NR interfrequency requirements have been progressed. The approach which was used in LTE (when 25.133 interRAT requirements were being implemented) was that interRAT requirements were agreed with a 1 meeting delay compared to interfrequency (36.133) requirements.
Proposal 3: A new section 8.1.2.4.x is introduced with NR measurement requirements including NR cell identification requirements with and without LTE DRX, side conditions for NR Cell identification, measurement period, and number of cells and beams to measure. This can be done after progressing NR (38.133) requirements
2) Measurements with and without gaps

Following similar principles as LTE and other interRAT measurements, the performance (cell identification, measurement period) may be defined as if gap pattern 0 is configured. Therefore, this aspect appears easy to address.
	A UE that is capable of identifying and measuring inter-frequency and/or inter-RAT cells without gaps shall follow requirements as if Gap Pattern Id #0 had been used and the minimum available time Tinter1 of 60 ms shall be assumed for the corresponding requirements.


Proposal 4: UE that can measure NR without gaps shall follow the requirements as if gap pattern id #0 had been used
3) Measurement accuracy and report mapping for NR reference signals
Measurement accuracy and report mapping for NR reference signals are expected to refer to the interfrequency requirement in 38.133, i.e. there will not be a separate accuracy requirement or report mapping in 36.133. An example is shown below for NR SSRP accuracy and report mapping:
	9.2.x
NR SSRP

NOTE:
This measurement is for dual connectivity between E-UTRAN and NR.
The requirements in this clause are valid for terminals supporting this capability.

The measurement period for RRC_CONNECTED state is specified in clauses 8.1.2.4.x and 8.1.2.4.y.

In RRC_CONNECTED state the accuracy requirements shall meet the absolute accuracy requirements in 38.133 section 9.x

If the UE, in RRC_CONNECTED state, needs measurement gaps to perform NR SSRP measurements, the relevant SSRP measurement procedure and measurement gap pattern stated in clause 8.1.2.4 shall apply.

The reporting range and mapping specified for FDD CPICH RSCP in TS 38.133 [18] shall apply.



Proposal 5: A new section 9.2.x is introduced which refers to same accuracy and report mapping which will be specified in 38.133
4) The delay uncertainty for PRACH on PSCell
This is needed for PSCell addition requirements. As indicated in [1] it should be checked from the NR PRACH design.
Proposal 6: PRACH delay uncertainty is analysed for NR
5)PSCell addition/release

PSCell addition and release delay requirements need to be specified for an NR PSCell. Using the existing LTE PSCell requirements for reference (reproduced below) there are two activation cases, known and unknown PSCell, with different requirements for Tactivation_time. If the suitable Tactivation_time is analysed for NR, along with PRACH delay uncertainty on the PSCell, the activation and deactivation delay requirements should be developed for NR in a similar way.
	7.14.2
PSCell Addition Delay Requirement

The requirements in this section shall apply for the UE configured with only PCell.
Upon receiving PSCell addition in subframe n, the UE shall be capable to transmit PRACH preamble towards PSCell no later than in subframe n+ Tconfig_ PSCell:

Where:

Tconfig_PSCell = 20ms + Tactivation_time + 50ms + TPCell_ DU + TPSCell_ DU
Tactivation_time is the PSCell activation delay. If the PSCell is known, then Tactivation_time is 20ms. If the PSCell is unknown, then Tactivation_time is 30ms provided the PSCell can be successfully detected on the first attempt.
TPCell_ DU is the delay uncertainty due to PCell PRACH preamble transmission. TPCell_ DU is up to 20ms if PSCell activation is interrupted by a PCell PRACH preamble transmission, otherwise it is 0.

TPSCell_ DU is the delay uncertainty in acquiring the first available PRACH occasion in the PSCell. TPSCell_ DU is up to 30ms.
PSCell is known if it has been meeting the following conditions:

During the last [5] seconds before the reception of the PSCell configuration command:

-
the UE has sent a valid measurement report for the PSCell being configured and

-
the PSCell being configured remains detectable according to the cell identification conditions specified in section 8.8,

-
PSCell being configured also remains detectable during the PSCell configuration delay according to the cell identification conditions specified in section 8.8.
otherwise it is unknown.The PCell interruption specified in section 7.12 is allowed only during the RRC reconfiguration procedure [2].

The PSCell addition delay specified in this section can be extended if SRS carrier based switching occurs during the PSCell addition procedure.
7.14.3
PSCell Release Delay Requirement
The requirements in this section shall apply for a UE configured with PCell and one PSCell.

Upon receiving PSCell release in subframe n, the UE shall accomplish the release actions specified in [2] no later than in subframe n+20.

The PCell interruption specified in section 7.12 is allowed only during the RRC reconfiguration procedure [2].

The PSCell release delay specified in this section can be extended if SRS carrier based switching occurs during the PSCell release procedure.




Proposal 7: PSCell addition and release delay requirements are added for NR PSCell in 38.133
6)Interruption requirements

In LTE dual connectivity, there are interruption requirements covering the following scenarios
· PSCell is added or released, or

· transitions between active and non-active during DRX, or
· transitions from non-DRX to DRX, or

· SCell in either MCG or SCG is added or released, or

· SCell in either MCG or SCG is activated or deactivated, or

· measurements on SCC wit deactivated SCell in either MCG or SCG, or

· SRS carrier based switching.
For NSA operation of NR dual connectivity, we expect that similar interruption scenarios will be defined. Relevant procedures such as DRX, whether NR SCell is specified in release 15 and so on need to be better understood. The duration of the interruption needs further analysis considering the architecture of NR+LTE devices. The impact to the LTE PCell should also be considered in the interrupt requirements.
Proposal 8: Interruption requirements are added for NSA operation in 36.133. The scenarios for interruption and the duration of the interruptions shall be discussed and impact to LTE PCell also needs to be considered.
3 Conclusions

Observation 1: NSA requirements in 36.133 are to support RRM to allow an NR PSCell to be configured, and to capture any impacts such as interruption to LTE from NR RRM activities
Proposal 1: Sections 8.1.2.1.1.1 and 8.1.2.1.1.1a are updated to reflect the number of NR carriers that the UE is required to measure
Proposal 2: The Nfreq scaling is updated to include Nfreq,NR
Proposal 3: A new section 8.1.2.4.x is introduced with NR measurement requirements including NR cell identification requirements with and without LTE DRX, side conditions for NR Cell identification, measurement period, and number of cells and beams to measure. This can be done after progressing NR (38.133) requirements
Proposal 4: UE that can measure NR without gaps shall follow the requirements as if gap pattern id #0 had been used
Proposal 5: A new section 9.2.x is introduced which refers to same accuracy and report mapping which will be specified in 38.133
Proposal 6: PRACH delay uncertainty is analysed for NR
Proposal 7: PSCell addition and release delay requirements are added for NR PSCell in 38.133
Proposal 8: Interruption requirements are added for NSA operation in 36.133. The scenarios for interruption and the duration of the interruptions shall be discussed and impact to LTE PCell also needs to be considered.
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