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Early deployment of NR is foreseen to rely on extensions of the LTE evolved packet core (EPC), with UEs being connected simultaneously to an LTE PCell and a NR PSCell in dual connectivity (DC). 
In DC scenarios, a distinction is made between synchronous and asynchronous operation. In case of LTE DC, i.e. when both PCell and PSCell are LTE cells, the border between synchronous and asynchronous operation is when the time difference between received subframes from PCell and PSCell is ±33μs. It is based on that the TTI length in LTE is a subframe (1ms). For the MeNB and SeNB to know which mode to operate in towards a UE, time difference reporting, SFN and subframe timing difference (SSTD) [1] has been introduced. The UE measures the time difference between corresponding system frames in PCell and PSCell, and reports it to the MeNB. Based on the reported SSTD, and reported UE capabilities, the MeNB can decide mode of operation and whether DC at all is possible.
In NR, the TTI length is depending on the numerology used in the cell. Particularly, the number of TTIs per subframe (1ms) differ and may vary from 1 to 32 according to the numerologies to be supported in the RAN1 specification work [3]. Concretely, if the LTE PCell is operating with a NR PSCell where the latter is having 2 TTIs per subframe, there will be two points in a subframe around which synchronous DC operation can be supported. Current SSTD measurement reporting does not support other than identification of alignment at the subframe boundary. Hence for efficient LTE-NR DC operation, an adapted time-difference reporting will be needed. 
In this contribution, we are proposing an extension of SSTD into SFN, subframe and time difference (SSTTD) reporting for LTE-NR DC interworking.
Background
Comparison between LTE and NR
The radio frame and subframe lengths in NR are 10ms and 1ms, respectively, which is same as in LTE. However, the basic scheduling unit in NR is the slot, where the number of slots in a subframe is depending on the numerology used in the serving cell. This differs from LTE where the basic scheduling unit is the subframe.
NR is to support up to 480kHz subcarrier spacing, with supported configurations 2Kx15kHz K=1, …, 5. For subcarrier spacing above 60kHz a slot is defined as 14 OFDM symbols (normal CP), whereas below 60kHz a slot may alternatively be defined as 7 OFDM symbols. This leads to that the number of basic scheduling units per subframe depend on subcarrier spacing and slot configuration, as illustrated in Figure 1.
Observation 1:
· The number of basic scheduling units (TTIs) per subframe depends on the NR numerology and slot configuration, and is in the range of 1 to 32.



[bookmark: _Ref485458373]Figure 1: Illustration of scheduling units for LTE and different numerologies and NR configurations.
  
Like in LTE, SFN is deduced from the physical broadcast channel, NR-PBCH. In LTE, a hyper-frame of 1024 radio frames is used, i.e., the SFN counter wraps around after reaching the value 210-1 (although only the 8 MSBs are explicit). The corresponding hyper-frame length has not yet been determined for NR. If other than 1024, it will not be possible to describe the SFN relation between a LTE PCell and a NR PSCell unambiguously. Particularly, if NR would use say 4096, there would be four LTE hyper-frames per NR hyper-frame.
Observation 2:
· The LTE hyper-frame length is 1024 radio frame, and the corresponding NR hyper-frame length has not yet been decided. If other than 1024, it will not be possible to describe the SFN relation between a LTE PCell and a NR PSCell unambiguously.

Existing LTE SSTD reporting structure
The measurement definition in the RAN1 specification [1] is as follows, from which it can be seen that SFN offset is provided as the number of whole radio frames, [0, 1023], between corresponding system frames of PCell and PSCell, Frame boundary offset is a number of whole subframes, [-5, 4], by which the timing between PCell and PSCell differ, and Subframe boundary offset is the number of basic time units (Ts), [-15360, 15359], that describes the remaining time difference between PCell and PSCell.    

	Definition
	The observed SFN and subframe timing difference (SSTD) between a PCell and a PSCell is defined as consisting of the following three components;
-	SFN offset = (SFNPCell - SFNPSCell) mod 1024, where SFNPCell is the SFN of a PCell radio frame and SFNPSCell is the SFN of the 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 = TSubframePCell - TSubframePSCell, where TSubframePCell is the time when the UE receives the start of a subframe from the PCell and 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.
The reference point for the observed SFN and subframe time difference shall be the antenna connector of the UE.

	Applicable for
	RRC_CONNECTED intra-frequency



The message definition for the reporting of SSTD by the UE to the MeNB [4] is as follows, from where it is observed that the Subframe boundary offset is mapped onto an 8-bit number in order to reduce the message size.MeasResultSSTD
The IE MeasResultSSTD consists of SFN, radio frame and subframe boundary difference between the PCell and the PSCell as specified in TS 36.214 [48] and TS 36.133 [16].
MeasResultSSTD information element
-- ASN1START

MeasResultSSTD-r13 ::=						SEQUENCE {
	sfn-OffsetResult-r13						INTEGER (0..1023),
	frameBoundaryOffsetResult-r13				INTEGER (-5..4),
	subframeBoundaryOffsetResult-r13			INTEGER (0..127)
}

-- ASN1STOP
MeasResultSSTD field descriptions
sfn-OffsetResult
Indicates the SFN difference between the PCell and the PSCell as an integer value according to TS 36.214 [48].
frameBoundaryOffsetResult
Indicates the frame boundary difference between the PCell and the PSCell as an integer value according to TS 36.214 [48].
subframeBoundaryOffsetResult
Indicates the subframe boundary difference between the PCell and the PSCell as an integer value according to the mapping table in TS 36.133 [16].



The actual mapping of Subframe boundary offset onto an 8-bit number [2] is as follows, where it can be observed that the mapping has a good resolution around the timing offsets ±33μs, which represent the border between synchronous and asynchronous DC operation in LTE. The characteristics of the mapping function is illustrated in Figure 2.
Table 9.1.20.2-1: SSTD report mapping
	Reported Value
	Measured Quantity Value
	Unit

	SUBFRAME_BOUNDARY_OFFSET_00
	Z  -1320
	Ts

	SUBFRAME_BOUNDARY_OFFSET_01
	-1320 < Z  -1310
	Ts

	SUBFRAME_BOUNDARY_OFFSET_02
	-1310 < Z  -1300
	Ts

	
	
	…

	SUBFRAME_BOUNDARY_OFFSET_62
	-710 < Z  -700
	Ts

	SUBFRAME_BOUNDARY_OFFSET_63
	-700 < Z  0
	Ts

	SUBFRAME_BOUNDARY_OFFSET_64
	0 < Z  700
	Ts

	SUBFRAME_BOUNDARY_OFFSET_65
	700 < Z  710
	Ts

	…
	…
	…

	SUBFRAME_BOUNDARY_OFFSET_125
	1300 < Z  1310
	Ts

	SUBFRAME_BOUNDARY_OFFSET_126
	1310 < Z  1320
	Ts

	SUBFRAME_BOUNDARY_OFFSET_127
	1320 < Z 
	Ts



[image: ]
[bookmark: _Ref485461037]Figure 2: Subframe boundary offset mapping function characteristics for SSTD reporting in LTE

Observation 3:
· Existing SSTD reporting structure is defined for identifying whether synchronous or asynchronous DC operation is supported based on scheduling units of subframe length.  
Proposal for LTE-NR DC interworking
As illustrated in Figure 3 below, for different number of scheduling units per subframe in PCell and PSCell, synchronous DC operation can be supported at more than when aligned at the subframe border. Particularly, when the LTE subframe is aligned with a NR slot border, within some tolerance yet to be determined, synchronous operation can be supported.



[bookmark: _Ref485462634]Figure 3: Illustration of LTE-NR DC with four scheduling units per subframe in the NR cell. Synchronous operation is possible as long as time difference between scheduling units in LTE and NR is less than some threshold

In order to allow this kind of scenario to be recognized by the MeNB, it is necessary to extend the SSTD reporting. Particularly, the following SFN, subframe and TTI time difference (SSTTD) reporting may be considered:
· SFN offset = (SFNPCell-SFNPSCell) mod minHFL
· Frame boundary offset = floor((TFrameBoundary,PCell – TFrameBoundary,PSCell)/1000)
· Subframe boundary offset = floor( (TSubframeBoundary,PCell – TSubframeBoundary,PSCell)/minTTI )
· TTI boundary offset = TTTI,PCell – TTTI,PSCell
where minHFL is the minimum hyper-frame length of LTE and NR, and minTTI is the minimum TTI length of PCell and PSCell, in same time units as used for TSubframeBoundary,PCell and TSubframeBoundary,PSCell. The Subframe boundary offset thus is in the range [-N/2, N/2-1] NR TTIs, where N is the number of NR TTIs per subframe. TTTI,PCell may be defined as the time when the UE receives the start of a TTI (subframe) from PCell, and TTTI,PSCell may be defined as the time when the UE receives the start of the TTI (slot) that is closest in time to the TTI received from the PCell. The time units for TTI boundary offset may for instance be derived from a basic time unit in NR. The TTI boundary offset is within the time interval -1/(2N)  1/(2N) ms.
Regarding the reporting, TTI boundary offset may be mapped onto an 8-bit number like Subframe boundary offset in the existing LTE SSTD reporting. Should the system requirements, i.e. tolerable time difference, for synchronous DC operation differ for different PSCell numerologies, different mapping tables can be introduced. For instance, scaling existing requirements for synchronous operation linearly with the number of TTIs per subframe used in the NR cell might not be optimum. Similarly, maintaining a constant requirement (e.g. ±33μs) might not be optimum either. These two extremes are illustrated in Figure 4.
[image: ][image: ]
[bookmark: _Ref485465880]Figure 4: Illustration of characteristics of mapping functions as function of number of NR slots (N) per subframe. (Left) Linear scaling of mapping function with number of NR slots. (Right) Constant mapping regardless of number of NR slots. 
Observation 4:
· Neither linear scaling of existing mapping function with respect to number of NR slots, nor keeping the mapping constant regardless of number of NR slots, is likely to be optimum with respect to system performance, since the former may be too strict and the latter too loose for increasing number of NR slots per subframe. 

Proposal 1: 
· RAN4 asks RAN1 to specify a measurement definition for SSTTD measurements in relevant RAN1 specification(s).
· RAN4 asks RAN1 whether the number of NR slots per subframe for PSCell shall be either:
· (a) Deduced by the UE after detecting a NR-SS block and reading NR-PBCH, or
· (b) Shall be provided by the network as part of the measurement configuration.  
· RAN4 informs RAN1 on that if different hyper-frame lengths are used in LTE and NR, the SSTTD reporting will be ambiguous regarding the SFN offset.
Proposal 2:
· RAN4 asks RAN2 to, based on RAN1 outcome, provide message definitions for:
· SSTTD measurement request in direction MeNB to UE, and
· SSTTD measurement report in direction UE to MeNB
Proposal 3:
· RAN4 studies which tolerances with respect to TTI alignment between PCell and PSCell needs to be fulfilled in order to support synchronous DC operation in the supported NR PSCell configurations.
· Based on the agreed tolerances, RAN4 defines suitable mapping functions for SSTTD reporting.  

Summary and Conclusions
In this contribution, we have analyzed the difference between LTE DC and LTE-NR DC operation regarding when synchronous DC operation can be supported, and identified that the existing STTD measurement reporting in LTE is incapable of identifying other than subframe alignment. In LTE-NR DC synchronous operation can be supported when the LTE subframe border is aligned with a NR slot border, and the number of slot borders depends on the NR configuration in use.
An extended time difference reporting, SFN, subframe and TTI time difference (SSTTD) is proposed in order to identify not only LTE subframe to NR subframe alignment, but also LTE subframe to NR slot alignment.
The following proposals are put forward:
Proposal 1: 
· RAN4 asks RAN1 to specify a measurement definition for SSTTD measurements in relevant RAN1 specification(s).
· RAN4 asks RAN1 whether the number of NR slots per subframe for PSCell shall be either:
· (a) Deduced by the UE after detecting a NR-SS block and reading NR-PBCH, or
· (b) Shall be provided by the network as part of the measurement configuration.  
· RAN4 informs RAN1 on that if different hyper-frame lengths are used in LTE and NR, the SSTTD reporting will be ambiguous regarding the SFN offset.
Proposal 2:
· RAN4 asks RAN2 to, based on RAN1 outcome, provide message definitions for:
· SSTTD measurement request in direction MeNB to UE, and
· SSTTD measurement report in direction UE to MeNB
Proposal 3:
· RAN4 studies which tolerances with respect to TTI alignment between PCell and PSCell needs to be fulfilled in order to support synchronous DC operation in the supported NR PSCell configurations.
· Based on the agreed tolerances, RAN4 defines suitable mapping functions for SSTTD reporting.  
Regarding proposals 1, a draft LS has been prepared, [5], and for proposal 3 we encourage companies to provide initial analyses at the RAN4#84 meeting. For proposal 2 RAN2 is on CC to the draft LS to RAN1.
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