[bookmark: _Hlk489988649][bookmark: _GoBack]3GPP TSG-RAN WG1 Meeting #91	R1-1720950
Reno, USA, November 27th – December 1st, 2017

Source:	Ericsson
Title:	On EN-DC STTD measurement capability
Agenda Item:	7.1.6
Document for:	Discussion and Decision
Introduction
Following the RAN2#99bis, RAN2 sent an LS to RAN4 and RAN1 on time-difference reporting between E-UTRA PCell and NR PSCell, to support operation in non-standalone deployment of NR (NSA NR) a.k.a. EN-DC:
Overall Description
RAN2 has been working on extending SSTD measurements for EN-DC. For NR, given that the duration of radio frame and sub-frame are the same as in LTE (10ms and 1ms, respectively), and SFN is 10 bit length according to the RAN1 agreements, RAN2 is wondering if the same definition and reporting mapping as specified for LTE SSTD in TS 36.214/133 can be reused for EN-DC as it is. Since RAN4 mainly worked on LTE DC and defined SSTD for LTE, RAN4 feedback is deemed as necessary.
To RAN4 group
RAN2 respectfully asks RAN4 group to provide their feedback on the feasibility of extending SSTD measurements for EN-DC, and whether the RAN2 reporting can be reused as it is.

In this contribution we are providing a proposal on a measurement definition for reporting the time-difference between an E-UTRA PCell and NR PSCell. 
[bookmark: _Ref178064866]Discussion
To enable efficient operation in E-UTRA-NR dual-connectivity (EN-DC), a measurement of the time-difference between the two systems is required. Such a measurement is defined for LTE-LTE DC, and is called SSTD (SFN-subframe time-difference). In the LS [1], RAN2 asks if it is possible to reuse the STTD functionality from LTE also to handle the EN-DC situation.
As we have discussed earlier (see for instance [2]) there are some fundamental differences between LTE and NR that have an impact on the time-difference reporting. The basic scheduling unit in an LTE system, i.e. TTI, is a subframe, whereas in an NR system the basic scheduling unit is a slot. Different numerologies can be applied in a NR system, leading to that the number of slots per subframe differs with the numerology in use. Relying solely on reporting of the time-difference on a subframe basis would lead to significant performance losses. 
[bookmark: _Toc498692507]Reusing the LTE definition of SSTD would lead to a significant loss in capacity due to the potentially different TTI lengths in NR and LTE.
As non-standalone NR operation is soon to be finalized, it is critical to get a solution to this issue in place.
The fundamental problem of the SSTD definition in LTE is that it does not include any TTI difference, simply because the TTI in LTE is always 1ms, which is equal to the subframe length. To solve this, it is proposed to include also the TTI difference in the measurement of time-difference, which would then be called SFN, subframe and TTI timing difference (SSTTD).
It is the responsibility of RAN1 to define such a measurement capability in [3] and [4]. Hence, we propose
[bookmark: _Toc498696124]Introduce the measurement capability “SFN, subframe and TTI timing difference” (SSTTD) in 38.215 [3] and 36.214 [4]:
	Definition
	The observed SFN, subframe and TTI timing difference (SSTTD) between an E-UTRA PCell and an NR PSCell is defined as consisting of the following four components;
-	SFN offset = (SFNPCell - SFNPSCell) mod 1024, where SFNPCell is the SFN of a E-UTRA PCell radio frame and SFNPSCell is the SFN of the NR PSCell radio frame of which the UE receives the start closest in time to the time when it receives the start of the PCell radio frame.

-	Frame boundary offset = , where TFrameBoundaryPCell is the time when the UE receives the start of a radio frame from the PCell and TFrameBoundaryPSCell is the time when the UE receives the start of the radio frame of PSCell that is closest in time to the radio frame received from the PCell. The unit of (TFrameBoundaryPCell - TFrameBoundaryPSCell) is [µs].

-	Subframe boundary offset = 

where TSubframePCell is the time when the UE receives the start of a subframe from the PCell, TSubframePSCell is the time when the UE receives the start of the subframe from the PSCell that is closest in time to the subframe received from the PCell, and is the number of slots per subframe as specified in TS 38.211 for the numerology in use by the NR PSCell. The unit of (TSubframeBoundaryPCell - TSubframeBoundaryPSCell) is [µs].
· TTI offset = TTTI,PCell – TTTI,PSCell, where TTTI,PCell is the time when the UE receives the start of a subframe from the PCell and TTTI,PSCell is the time when the UE receives the start of a slot from the PSCell that is closest to the subframe boundary of the PCell.

	Applicable for
	RRC_CONNECTED intra-frequency



Note that the definition must be included both in the NR and LTE specifications.

Conclusions
In this contribution, we made the following observations:
Observation 1	Reusing the LTE definition of SSTD would lead to a significant loss in capacity due to the potentially different TTI lengths in NR and LTE.

We make the following proposal:
Proposal 1	Introduce the measurement capability “SFN, subframe and TTI timing difference” (SSTTD) in 38.215 [3] and 36.214 [4]:

	Definition
	The observed SFN, subframe and TTI timing difference (SSTTD) between an E-UTRA PCell and an NR PSCell is defined as consisting of the following four components;
-	SFN offset = (SFNPCell - SFNPSCell) mod 1024, where SFNPCell is the SFN of a E-UTRA PCell radio frame and SFNPSCell is the SFN of the NR PSCell radio frame of which the UE receives the start closest in time to the time when it receives the start of the PCell radio frame.

-	Frame boundary offset = , where TFrameBoundaryPCell is the time when the UE receives the start of a radio frame from the PCell and TFrameBoundaryPSCell is the time when the UE receives the start of the radio frame of PSCell that is closest in time to the radio frame received from the PCell. The unit of (TFrameBoundaryPCell - TFrameBoundaryPSCell) is [µs].

-	Subframe boundary offset = 

where TSubframePCell is the time when the UE receives the start of a subframe from the PCell, TSubframePSCell is the time when the UE receives the start of the subframe from the PSCell that is closest in time to the subframe received from the PCell, and is the number of slots per subframe as specified in TS 38.211 for the numerology in use by the NR PSCell. The unit of (TSubframeBoundaryPCell - TSubframeBoundaryPSCell) is [µs].
· TTI offset = TTTI,PCell – TTTI,PSCell, where TTTI,PCell is the time when the UE receives the start of a subframe from the PCell and TTTI,PSCell is the time when the UE receives the start of a slot from the PSCell that is closest to the subframe boundary of the PCell.

	Applicable for
	RRC_CONNECTED intra-frequency
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