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1. Introduction
RAN4#76 agreed a way forward [1] to specify components of SFN and subframe timing difference (SSTD) measurement report. The components of SSTD are as follows;

· SFN offset between MeNB and SeNB ((X) 

· Frame boundary offset between MeNB and SeNB ((Y) 

· Subframe boundary offset between MeNB and SeNB ((Z)

As stated in [1], maximum possible value of (Z can be between -500 µs and +500 µs but actual reporting range of (Z is FFS. In this contribution, we analyse the reporting range of (Z. Next we discuss measurement requirements for SSTD reporting. Finally, we discuss a definition of SSTD.
2. Discussion

2.1. Reporting range of Subframe boundary offset
As we discussed in the past several meetings, SSTD reporting would be used for proper measurement GAP operation, DRX operation, and so on. In addition, since SSTD reporting includes the subframe boundary offset, SSTD reporting can be used as information to determine whether the UE can be served in synchronous or asynchronous fashion as described in [2]. In this view, the reporting range of (Z should cover 33µs, at least. On the other hand, it will be better to consider the possibility that this function may be utilised for other function than DC in the future as suggested in [3]. Thus, we propose to cover larger value than 33us, e.g., 100us.
Proposal 1:  Reporting range of (Z should cover larger value than 33us, e.g., 100us for future proof. 
In [4], it was analyzed that the accuracy of SSTD measurement would be in the order of dozens of Ts. Since the accuracy requirements of initial transmission timing, which directly depends on the accuracy of the detection of the downlink timing, are ±24 Ts for 1.4MHz and ±12 for 3MHz and more, the analysis in [4] would be reasonable. Thus we could quantize the report of the subframe boundary offset with some Ts resolution. We, therefore, propose to define the quantized subframe boundary offset reporting. We also propose to define a mapping of measured quantity for the subframe boundary offset reporting

Proposal 2: To define the quantized subframe boundary offset reporting.

Proposal 3: To define the mapping of measured quantity for the subframe boundary offset reporting.

As an example, Table 1 shows the required number of bits for reporting the subframe boundary offset with 16Ts and 32Ts resolution. As we can see from Table 1, even if the reporting range is roughly ~100 µs, the number of the required bits is 9 bits for 16 Ts resolution and 8 bits for 32 Ts resolution, respectively. In addition, Table 2 shows an example mapping for the subframe boundary offset measurement report mapping with 16 Ts resolution.
Table 1: required number of bits for reporting the subframe boundary offset

	number of  signaling bits
	quantization step

	
	16 Ts
	32 Ts

	6
	±512 Ts (±16.67 µs)
	±1024 Ts (±33.33 µs)

	7
	±1024 Ts (±33.33 µs)
	±2048 Ts (±66.67 µs)

	8
	±2048 Ts (±66.67 µs)
	±4096 Ts (±133.3 µs)

	9
	±4096 Ts (±133.3 µs)
	±8192 Ts (±266.7 µs)


Table 2: Subframe boundary offset measurement report mapping

	Reported value
	Measured quantity value
	Unit

	SUBFRAME_BOUNDARY_OFFSET_000
	(Z ( -4080
	Ts

	SUBFRAME_BOUNDARY_OFFSET_001
	-4080 ( (Z < -4064
	Ts

	SUBFRAME_BOUNDARY_OFFSET_002
	-4064 ( (Z < -4048
	Ts

	…
	…
	…

	SUBFRAME_BOUNDARY_OFFSET_509
	4048 ( (Z < 4064
	Ts

	SUBFRAME_BOUNDARY_OFFSET_510
	4064 ( (Z < 4080
	Ts

	SUBFRAME_BOUNDARY_OFFSET_511
	4080 ( (Z
	Ts


2.2. RRM requirements for SSTD reporting

RAN2 discussed measurement procedure for the SSTD reporting in [3]. Although details of the procedure are still under discussion in RAN2, it is expected that the SSTD reporting functionality is based on the existing measurement framework. This means that RAN4 should specify measurement requirements for SSTD reporting such as Layer 1 measurement delay requirements. 

Main scenario of the SSTD reporting is that UE reports SSTD between PCell and PSCell with DC configuration. In addition to this, other potential scenarios that UE reports SSTD between PCell and a non-serving cell with and without DC configuration were proposed in RAN2 [3]. In the case where DC is configured, carrier frequency on the non-serving cell would be the same frequency of SCell or PSCell, or inter frequency. On the other hand, in the case where DC is not configured, that would be inter frequency. Thus we think that following measurement requirements need to be specified in 36.133.

Proposal 4: Following measurement requirements need to be specified in 36.133.
· SSTD measurements for Dual Connectivity

· Measurements on both primary component carrier and frequency on PSCell

Proposal 5: Following measurement requirements may need to be specified in 36.133 depending on RAN2 decision.
· E-UTRAN Inter frequency SSTD measurements

· SSTD measurements for Dual Connectivity

· Measurements on both primary component carrier and secondary component carrier
· Measurements on both primary component carrier and inter frequency carrier

In addition, if RAN2 agrees to introduce new measurement criteria for SSTD reporting, requirements for reporting criteria specified in Section 8.2 may need to be updated.
Proposal 6: Requirements for reporting criteria may need to be updated depending on RAN2 decision.
Since the details of the procedure are under discussion in RAN2, RAN4 would need to wait the RAN2 decision in October RAN2 meeting 
In addition, as we discussed in the previous meetings, RAN4 needs to specify the measurement accuracy requirements in 36.133. Since they are performance requirements which will be specified in section 9 in 36.133, we can discuss them after completing core requirements in performance part of this WI.
2.3. Definition of SSTD

The definition of SSTD should be captured in TS 36.214. Based on the agreement in [1], we propose a definition of SSTD described in Table 3. In addition, we propose to send an LS to RAN1 in order to request that RAN1 captures the definition in TS 36.214. A draft LS is prepared in [5]. Note that, the following definition accommodates the only scenario where UE reports SSTD between PCell and PSCell with DC configuration. If RAN2 agrees to introduce other scenarios discussed in section 2.2, we need to update the definition of SSTD in order to accommodate other scenarios, such as non-serving cell measurement.

Table 3: Proposed definition of SSTD

	Definition
	The SFN and subframe timing difference (SSTD) is defined as following three components;

· SFN offset between MeNB and SeNB = SFNPCell - SFNPSCell, where SFNPCell is the SFN of PCell radio frame and SFNPSCell is the SFN of PSCell radio frame that is starts closest to that of PCell.
· Frame boundary offset between MeNB and SeNB = Floor( (TFrameBoundaryPCell  - TFrameBoundaryPSCell) / 1000 ), where TFrameBoundaryPCell is the time when the UE receives the start of one radio frame from PCell (in [µs]) and TFrameBoundaryPSCell is the time when the UE receives the corresponding start of one radio frame of PSCell that is closest in time to the radio frame received from PCell (in [µs]).
· Subframe boundary offset between MeNB and SeNB = TSubframePCell-TSubframePSCell, TSubframePCell is the time when the UE receives the start of one subframe from PCell and TSubframePSCell is the time when the UE receives the corresponding start of one subframe from PSCell that is closest in time to the subframe received from PCell.
The reference point for the observed subframe time difference shall be the antenna connector of the UE.

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency


Proposal 7: Specify the definition of SSTD described in Table 3.

Proposal 8: Send the LS to RAN1 in order to request to capture the definition of SSTD in TS36.214.

Based on the above proposals, we prepare a draft LS is prepared in [5].
3. Conclusion
In this contribution, we further analysed the reporting range of (Z and discussed the measurement requirements for SSTD reporting and the definition of SSTD. Next we discussed the measurement requirements for SSTD reporting. Finally, we discussed the definition of SSTD. As a result, we propose the following.

Proposal 1:  Reporting range of (Z should cover larger value than 33us, e.g., 100us for future proof. 

Proposal 2: To define the quantized subframe boundary offset reporting.

Proposal 3: To define the mapping of measured quantity for the subframe boundary offset reporting.

Proposal 4: Following measurement requirements need to be specified in 36.133.
· SSTD measurements for Dual Connectivity

· Measurements on both primary component carrier and frequency on PSCell

Proposal 5: Following measurement requirements may need to be specified in 36.133 depending on RAN2 decision.
· E-UTRAN Inter frequency SSTD measurements

· SSTD measurements for Dual Connectivity

· Measurements on both primary component carrier and secondary component carrier
· Measurements on both primary component carrier and inter frequency carrier

Proposal 6: Requirements for reporting criteria may need to be updated depending on RAN2 decision.
Proposal 7: Specify the definition of SSTD described in Table 3.

Proposal 8: Send the LS to RAN1 in order to request to capture the definition of SSTD in TS36.214.

Based on the above proposals, we prepare a draft LS is prepared in [5].
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