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1 Introduction

Requirements for NE-DC have been postponed but need to be finalized as a part of late-drop work for Rel-15.
A related WF was approved at RAN4#88 in [1].
In this contribution, we further analyze the existing requirements applicability for NE-DC and the impacts on TS 38.133 and TS 36.133 specifications.

Based on the discussion, draft CRs are provided for TS 38.133 and TS 36.133 in [2] and [3], respectively.

2 Discussion

NE-DC is NR-E-UTRA Dual Connectivity as defined in TS 37.340, Section 4.1.3.2, and implies that a UE is configured with at least NR PCell and E-UTRA PSCell. In EN-DC, the UE may therefore be configured at least with:

· NR measurements (intra-frequency and inter-frequency) via PCell, and
· E-UTRA intra-RAT (intra-frequency and inter-frequency) measurements via PSCell, and 
· NR-E-UTRA inter-RAT via PCell.
The UE may also be configured with one or more LTE SCell(s) and/or NR SCell(s) and thus with E-UTRA CA and NR CA measurements.

Most of the existing requirements in TS 38.133 are defined already for NR PCell (in SA NR) and some of the existing requirements in TS 36.133 apply for E-UTRA PCell and PSCell (e.g., RLM). Other existing requirements in TS 36.133, although defined for E-UTRA PSCell, apply for E-UTRA DC and may not be necessarily directly applicable for the E-UTRA PSCell with NE-DC.
2.1 Measurement capability and frequency layers

2.1.1 Number of CCs

The number of NR CCs is 8 for SA NR and 7 for EN-DC. The number of E-UTRA CCs for EN-DC is 5. For NE-DC, it makes sense to reuse the same numbers of CCs as for EN-DC.

· Proposal 1: The UE configured with NE-DC may be configured with the following number of serving CCs:

· up to 7 NR DL CCs in total, with 1 UL (or 2 UL if SUL is configured) in PCell and up to 1 UL (or 2 UL if SUL is configured) in SCell – to be defined in TS 38.133, 
· up to 5 E-UTRA DL CCs in total with 1 E-UTRA UL CC in SCG – to be specified in TS 36.133.

2.1.2 Number of frequency layers
For NSA NR, the UE shall be able to monitor 6 E-UTRA of each of FDD and TDD, and this number does not need to be larger for NE-DC. Further, for SA NR, the UE shall be able to monitor 7 inter-frequency NR frequency layers and 7 inter-RAT NR frequency layers. NR measurements in NE-DC are configured by PCell only, so the number of NR frequency layers shall not be smaller than the number (7) of inter-frequency NR layers in SA NR. In addition, the UE shall be able to support OTDOA via LPP based on LTE PRS signals, so the UE needs to support at least one E-UTRA inter-frequency layer for RSTD measurements.
· Proposal 2: If a UE is configured with NE-DC operation, the UE, depending on capabilities, shall be capable of monitoring at least:

· 7 NR inter-frequency carriers configured by NR PCell, and

· 6 E-UTRA TDD inter-frequency carriers configured by E-UTRA PSCell, and

· 6 E-UTRA FDD inter-frequency carriers configured by E-UTRA PSCell, and

· 1 E-UTRA FDD inter-frequency carrier for RSTD measurements configured via LPP, and

· 1 E-UTRA TDD inter-frequency carrier for RSTD measurements configured via LPP.
For UE capable of NE-DC but operating in RRC_IDLE, the same UE measurement capability shall apply as for SA NR UE, since to be in the NE-DC operation mode the UE needs NR PCell first.
· Proposal 3: In RRC_IDLE, the SA NR UE measurements capability applies also NE-DC capable UE.
Draft CRs on UE measurement capability for NE-DC capable UEs in TS 38.133 are provided in [4] and [5] for RRC_CONNECTED and RRC_IDLE states, respectively.

Draft CR on NE-DC UE measurement capability in TS 36.133 is provided in [3].
2.2 Other requirements in 38.133
In TS 38.133, SA NR requirements can be reused to a large extent for NE-DC.
Based on [1] and also further analysis, the following requirements (in addition to the number of CCs and frequency layers) need to be addressed for NE-DC in TS 38.133 – see Table 1. Table 1 shows also the work split among the companies based on the reflector discussion.
· Proposal 4: Capture in TS 38.133 the applicability of the requirements listed in Table 1.
Table 1. Requirements applicability for NE-DC in TS 38.133

	Requirement in TS 38.133
	Comments
	Company

	RRC_IDLE state mobility
	UE measurement capability in RRC-IDLE, which need to be evaluated based on the requirements under section 9
	Ericsson

	Handover
	Existing NR SA handover requirements can be reused for NE-DC
	Intel (to prepare a CR for clarification)

	Random access 
	Existing NR SA random access requirements apply for PCell and SCells
	

	NR PCell transmit timing
	Existing SA transmit timing requirements apply
	Huawei (clarification CR)

	NR PCell timer accuracy
	Existing SA timer accuracy requirements apply
	

	NR PCell timing advance
	Existing SA timing advance requirements apply
	Huawei (clarification CR)

	MTTD
	Discussion needed on whether async intra-band NE-DC is supported
	Ericsson

	MRTD
	Discussion needed on whether async intra-band NE-DC is supported
	Ericsson

	NR PCell RLM
	The existing RLM requirements apply also for PCell in NE-DC
	Nokia

	Interruption, NR victim cell
	Impact of LTE cells to NR PCell/SCells needs to be evaluated for relevant scenarios. Discussion needed on whether async intra-band NE-DC is supported
	Nokia

	NR SCell activation and deactivation delay
	The existing requirements can be reused for NR SCells in NE-DC.
	Nokia

	NR UE UL carrier RRC reconfiguration Delay
	Existing NR UE UL carrier RRC reconfiguration Delay requirements apply
	

	BWP switching of PCell and MCG SCells – delay
	Current requirements also apply for NR cells in NE-DC
	Nokia

	BWP switching of PCell and MCG SCells – interruption
	Current requirements also apply for NR cells in NE-DC
	Nokia

	Link recovery procedure
	Existing requirements can be used for NE-DC
	

	NR Measurement gap
	Applicability table and measurement mode for NE-DC needs to be defined.
	Intel

	UE Measurement capability
	Requirements need to be evaluated, and new section is needed for NE-DC.
	Ericsson

	Event Triggering and Reporting
	These cases need to be updated so that they properly cover also NE-DC.
	Huawei

	SFTD reporting requirements for NE-DC scenarios
	Requirements need to be developed for SFTD between NR PCell and E-UTRA PSCell
	Ericsson

	
	Accuracy need to be developed for SFTD between NR PCell and E-UTRA PSCell
	ZTE

	Intra-freq measurement
	Scaling of requirements related to number of UE BB searcher for NR PCell/SCell needs to be discussed/confirmed.
	Huawei

	NR measurement performance
	Anticipate same accuracy regardless of NE-DC operation
	Huawei (maybe clarification CR)

	LTE PSCell addition/removal
	Requirements needed, may be based on LTE-DC
	Intel


A draft CR is provided in [2] to introduce NE-DC in 36.133.

2.3 Other requirements in 36.133

In TS 36.133, the requirements applicable for EN-DC as well as the number of CC with EN-DC are listed in the applicability section. The same approach is proposed for NE-DC.
· Proposal 5: In TS 36.133, specify applicable requirements for NE-DC in the applicability section but in a separate subsection.
Based on [1] and also further analysis, the following requirements (in addition to the number of CCs and frequency layers) need to be addressed for NE-DC in TS 36.133 – see Table 2.
· Proposal 6: Capture in TS 36.133 the applicability of the requirements listed in Table 2.
Table 2. Requirements applicability for NE-DC in TS 36.133

	Requirement in TS 36.133
	Comments

	RA for LTE PSCell and activated SCells
	RA requirements in section 6.2 apply for RA procedures on PSCell and activated SCell(s).

	UE transmit timing for LTE PSCell and activated SCells
	UE transmit timing requirements in section 7.1 apply for psTAG using PSCell as a reference cell and sTAG(s).

	UE timer accuracy
	UE timer accuracy requirements in section 7.2 apply for UE operation on PSCell and SCell(s).

	Timing advance
	Timing advance requirements in section 7.3 apply for sTAG(s) and psTAG using PSCell as a reference cell, for 1ms TTI and 4 subframe HARQ processing.

	RLM
	Radio link monitoring requirements in section 7.6 apply for PSCell.

	SCell activation and deactivation
	SCell activation and deactivation delay requirements for E-UTRA carrier aggregation in section 7.7 apply for 1ms TTI and 4 subframe HARQ processing except those for CA with frame structure # 3.

	Interruption, LTE victim cell
	Impact of NR cells to LTE PSCell/SCell needs to be evaluated for relevant scenarios. Discussion needed on whether async intra-band NE-DC is supported.

	LTE measurement gap
	Applicability table for NE-DC needs to be defined.

	LTE measurement procedures
	-E-UTRAN intra-frequency measurement requirements in section 8.1.2.2 and inter-frequency requirements in section 8.1.2.3 apply for intra-frequency and inter-frequency measurements configured by PSCell, except requirements specified for UE configured with highSpeedEnhancedMeasFlag;
-E-UTRAN OTDOA intra-frequency RSTD measurements requirements in section 8.1.2.5 and inter-frequency RSTD measurements requirements in section 8.1.2.6 apply for intra-frequency and inter-frequency RSTD measurements configured by PSCell, except those for UE category 1bis;
E-UTRAN E-CID measurements requirements in section 8.1.2.7.3 and 8.1.2.7.4 apply for E-CID measurements except UE Rx-Tx;

-Requirements on measurements for E-UTRA carrier aggregation in section 8.3 for measurements configured by PSCell;

-OTDOA RSTD measurement requirements for E-UTRAN carrier aggregation in section 8.4 for measurements configured by PSCell;

	LTE measurement performance
	-Measurement accuracy requirements in Section 9 apply for intra-frequency and inter-frequency RSRP, RSRQ, RS-SINR, and RSTD measurements for the measurements configured by PSCell. 

-Power headroom requirements in Section 9 apply for PSCell and SCell(s).


A draft CR is provided in [3] to introduce NE-DC in 36.133.
3 Summary

· Proposal 1: The UE configured with NE-DC may be configured with the following number of serving CCs:

· up to 7 NR DL CCs in total, with 1 UL (or 2 UL if SUL is configured) in PCell and up to 1 UL (or 2 UL if SUL is configured) in SCell – to be defined in TS 38.133, 
· up to 5 E-UTRA DL CCs in total with 1 E-UTRA UL CC in SCG – to be specified in TS 36.133.

· Proposal 2: If a UE is configured with NE-DC operation, the UE, depending on capabilities, shall be capable of monitoring at least:

· 7 NR inter-frequency carriers configured by NR PCell, and

· 6 E-UTRA TDD inter-frequency carriers configured by E-UTRA PSCell, and

· 6 E-UTRA FDD inter-frequency carriers configured by E-UTRA PSCell, and

· 1 E-UTRA FDD inter-frequency carrier for RSTD measurements configured via LPP, and

· 1 E-UTRA TDD inter-frequency carrier for RSTD measurements configured via LPP.
· Proposal 3: In RRC_IDLE, the SA NR UE measurements capability applies also NE-DC capable UE.
· Proposal 4: Capture in TS 38.133 the applicability of the requirements listed in Table 1.

· Proposal 5: In TS 36.133, specify applicable requirements for NE-DC in the applicability section but in a separate subsection.

· Proposal 6: Capture in TS 36.133 the applicability of the requirements listed in Table 2.
A draft CR is provided in [2] to introduce NE-DC in 38.133.
A draft CR is provided in [3] to introduce NE-DC in 36.133.
Draft CRs on UE measurement capability for NE-DC capable UEs in TS 38.133 are provided in [4] and [5] for RRC_CONNECTED and RRC_IDLE states, respectively.
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