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1. Introduction

In last RP#78 an LS [1] was sent to multiple working groups on interworking mechanisms between 5G system and legacy RATs, with the action to RAN4:
	To RAN4

ACTION: 
TSG RAN asks RAN4 to ensure that for EN-DC (Option 3), legacy EPS/E-UTRA interworking with GSM/UMTS is fully supported.


In this contribution, we provide discussion on how to enable interworking between NSA option 3 and GSM/UMTS and analysis on which part of RRM requirements need to be updated.
2. Discussion
For information, here we duplicate the content from the LS [1]:
	1. Overall Description:

RAN plenary has identified that Rel-15 interworking mechanisms between the 5G System and legacy RATs should be clarified.

To avoid possible confusion between Working Groups, RAN plenary wishes to repeat its earlier decision that 
no interworking is expected in Rel-15 between the 5G System (5GS) and 2G (GSM)/3G (UMTS).

This means:

· No NAS interworking mechanisms between 5GS and GSM/UMTS

· No Access-Stratum interworking mechanisms between GSM/UMTS and 5G NR.

· For E-UTRA deployments with 5GC (i.e. deployment Options 5 and 7), Access-Stratum interworking between GSM/UMTS and E-UTRA continues to be possible without changes to GSM/UMTS/E-UTRAN specifications, enabling:

· Idle mode cell reselection

· Connected mode measurements to support redirection at RRC connection release, CS call release, TBF release once in idle mode

· For EN-DC (i.e. deployment Option 3), legacy EPS/E-UTRA interworking with GSM/UMTS shall be fully supported.

Note that even without AS interworking mechanisms it is possible for a UE that is initially camped on an NR cell (respectively GERAN/UTRA cell) to lose coverage and select a GERAN/UTRA cell (respectively NR cell).
2. Actions:

To RAN4

ACTION: 
TSG RAN asks RAN4 to ensure that for EN-DC (Option 3), legacy EPS/E-UTRA interworking with GSM/UMTS is fully supported.

To SA1, SA2, RAN2, RAN3, RAN4, RAN5, RAN6

ACTION: 
TSG RAN asks to take this RAN decision into account when considering interworking mechanisms between 5G System and legacy RATs, and update specifications accordingly if needed.


RP clarified the agreement of no interworking is expected in R15 between 5G and 2G/3G and then asked RAN4 to ensure EN-DC option 3 can support legacy EPS/E-UTRA interworking with GSM/UMTS. It is quite straightforward that corresponding requirements shall be captured in TS36.133.
First we would like to summarize the requirements approved so far regarding NSA in TS36.133,
1) Number of carriers being monitored – section 8.1.2.1.1/1a/1b [2]

2) Measurement gap patterns and applicability – section 8.1.2.1 [3]
3) NR PSCell Addition and Release Delay – section 7.x [4]
4) E-UTRA inter-frequency measurement for NSA operation – section 8.1.2.10 [5]
5) Inter-RAT measurement for NSA – section 8.1.2.4.21~24 [6]

All the above requirements except for 3) are related to interworking between NSA and 2G/3G. In the rest of this section we provide analysis on the potential requirements accordingly
1) Number of carriers being monitored – section 8.1.2.1.1/1a/1b [2]

Requirements regarding the total number of layers that shall be monitored by the UE currently can be found in both TS36.133 and TS38.133. More specifically, in TS36.133 the requirements are split into two parts, i.e. before and after NR PSCell is configured operation, respectively. For the case before NSA operation, existing capability requirements have already covered the measurement toward GSM/UMTS. However, for the case after NR PSCell is configured UE only needs to monitor E-UTRA and NR carriers, where measurement toward GSM/UMTS is not supported:
Nfreq, NSA = Nfreq_NSA_E-UTRA_inter-freq + Nfreq_NSA_NR
Therefore, in order to support interworking between NSA and 2G/3G, this part of requirements need to be updated:

Nfreq, NSA = Nfreq_NSA_E-UTRA_inter-freq + Nfreq_NSA_NR + Nfreq, UTRA + Mgsm + Nfreq, cdma2000 + Nfreq, HRPD
Observation 1: current requirement on UE capability on monitoring of multiple layers cannot support interworking between NSA and 2G/3G.

Proposal 1: monitoring of 2G/3G layers shall be added in the capability requirements where NR PSCell is configured.

Besides, the motivation of the LS from RAN plenary is to guarantee the UE mobility performance. Therefore, it could be rational to revisit the requirements regarding maximum allowed layers for multiple monitoring. For information, here we duplicated the content from the agreed CR in RAN4 #85:
	8.1.2.1.1b.1 Maximum allowed layers for multiple monitoring for UE in NSA operation

The UE configured with NR PSCell shall be capable of monitoring at least per RAT group:

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

-
Depending on UE capability, [6] TDD E-UTRA inter-frequency carriers configured by PCell, and
-
Depending on UE capability, [7] NR inter-RAT carriers configured by PCell, and
-
Depending on UE capability, [7] NR inter-frequency carriers configured by NR PSCell [TS 38.133].
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 E-UTRA FDD, E-UTRA TDD, and NR layers. 
The UE shall be capable of monitoring a total of at least [7] effective NR carrier frequency layers configured by PCell and NR PSCell.
Note: The E-UTRA-NR dual connectivity capable UE configured with NR PSCell shall fulfil the requirements defined in only one of Section 8.2.1.1b.1 and Section 9.1.3.2 of [TS 38.133].


As can be seen, UE now shall support at least [7] effective NR carriers and at least [13] NR+LTE carriers. Based on the observation 1 and proposal 1 above, measurements toward GSM/UMTS shall be added. From mobility performance perspective, the total number of carriers to be monitored may be updated accordingly. However, increasing this number may also increase the complexity and the cost of UE.
Observation 2: introducing mobility toward GSM/UMTS in NSA, the maximum number of carriers to be monitored by the UE in NSA may be updated. Both UE complexity and operators’ real demand shall be taken into account.
Note that UE measurement capability in NSA operation is defined in both TS36.133 and TS38.133. Therefore, associated section in TS38.133 also needs modification.
2) Measurement gap patterns and applicability – section 8.1.2.1 [3]

New gap patterns and corresponding applicability were introduced on top of the existing 4 gap patterns in TS36.133 due to multiple SMTC configuration supported in NR. Based on the agreement in last meeting, all the new gap patterns are applicable when UE is only required to perform measurement toward NR. Once measurement objective including measurement toward E-UTRA is configured, UE can only be configured with legacy gap patterns, i.e., pattern 0~3. Currently only gap pattern 0 and 1 (i.e. 6ms MGL with 40/80ms MGRP) can be used for inter-RAT measurement toward 2G/3G. We don’t see the need to update this requirements.
Proposal 2: gap pattern 0 and 1 shall be considered as baseline for inter-RAT measurement toward 2G/3G in NSA operation.
3) NR PSCell Addition and Release Delay – section 7.x [4]
Unrelated.
4) E-UTRA inter-frequency measurement for NSA operation – section 8.1.2.10 [5]

Requirements regarding inter-frequency measurement in TS36.133 are differentiated between the cases before and after NR PSCell is configured. For the case before NR PSCell is configured, UE operates as a normal E-UTRA UE and shall follow legacy inter-frequency measurement requirement in section 8.1.2.3. This part needs no change due to adding interworking with 2G/3G, since the term “Nfreq” being used has already covered GSM/UMTS frequency layers.

After NR PSCell is configured, requirements in section 8.1.2.3 shall not apply any more. Instead, UE will needs to follow requirement in section 8.1.2.10 [5], which is specifically defined for NSA operation. However, currently in this new section the scaling factor “Nfreq, NSA” in cell search and measurement period only cover E-UTRA and NR layers. If UE is configured to measure GSM/UMTS as well, additional delay can be expected. Therefore, the scaling factor should be updated accordingly to cover 2G/3G frequency layers as well.
Proposal 3: scaling factor “Nfreq, NSA” in E-UTRA inter-frequency measurement for NSA operation should be updated to cover 2G/3G frequency layers.
5) Inter-RAT measurement for NSA – section 8.1.2.4.21~24 [6]

Similar situation with inter-frequency measurement, the term “Nfreq, NSA” should be updated to cover 2G/3G frequency layers. Note that currently inter-RAT measurement toward NR is also split into two parts, before and after NS PSCell is configured respectively, i.e. section 8.1.2.4.21/22 for the case before NSA while 8.1.2.4.23/24 for the case after NSA.

3. Conclusions
In this contribution we provide discussion on how to enable inter-RAT measurement toward 2G/3G in NSA operation based on the LS from RAN plenary. After discussion, the following proposals are made:
Observation 1: current requirement on UE capability on monitoring of multiple layers cannot support interworking between NSA and 2G/3G.
Observation 2: introducing mobility toward GSM/UMTS in NSA, the maximum number of carriers to be monitored by the UE in NSA may be updated. Both UE complexity and operators’ real demand shall be taken into account.
Proposal 1: monitoring of 2G/3G layers shall be added in the capability requirements where NR PSCell is configured.
Proposal 2: gap pattern 0 and 1 shall be considered as baseline for inter-RAT measurement toward 2G/3G in NSA operation.
Proposal 3: scaling factor “Nfreq, NSA” in E-UTRA inter-frequency measurement for NSA operation should be updated to cover 2G/3G frequency layers.
4. Reference
[1]  RP-172823, “LS on interworking mechanisms between 5G System and legacy RATs”
[2]  R4-1713934, “CR for 36.133 on Number of carriers being monitored”, Nokia, Nokia Shanghai Bell
[3]  R4-1713939, “CR on measurement gap patterns in TS 36.133”, Huawei, HiSilicon
[4]  R4-1714483, “Endorsed CR on NR PSCell Addition and Release Delay with modifications” , Nokia, Nokia Shanghai Bell
[5]  R4-1714255, “E-UTRA Inter-frequency Measurement Requirements for NSA Operation”, Ericsson
[6]  R4-1714490, “CR for TS36.133 on inter-RAT measurement requirement for NR”, Huawei, HiSilicon
8
1

