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1 Introduction

In the previous meetings RAN4 has discussed method for estimating and reporting UE measurement on SFN and subframe offset between MeNB and SeNB [1-2]. 
The SFN and subframe time difference (SSTD) is a combined measurement which covers SFN as well as subframe offset is proposed [1]. 
In this contribution we analyse the signalling overheads for reporting SFN and subframe offset using SSTD measurement.
2 Reporting Range and Overheads
The SSTD measurement is defined as follows [1]:
SSTD = [( SFNi - SFNj )*327200 + x]*Ts                                                 (1)                                
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Figure 1: SFN and subframe offset calculation

In LTE the SFN varies between 0 to 1023 (i.e. 1024 values in total). The magnitude of the maximum different between subframes ((t) in MCG and SCG is 500 µs. This leads to the following minimum and maximum values of these parameters:  

· Minimum value of SFN offset (SFNi-SFNj)min = -1023

· Maximum value of SFN offset (SFNi-SFNj)max = +1023

· Minimum value of subframe offset ((tmin) = -500 µs = -15360 Ts
· Maximum value of subframe offset ((tmax) = +500 µs = +15360 Ts

To reduce signaling overheads instead the SFN offset can be defined as the closest difference between the start of the SFN boundaries i.e. closest difference between SFN # 0 of MCG and SCG. This leads to the following minimum and maximum ranges of the SFN offset:
· Minimum value of SFN offset (SFNi-SFNj)min = -511

· Maximum value of SFN offset (SFNi-SFNj)max = +512

Assuming reduced SFN offset (i.e. between -511 and +512) and using (1) the minimum and maximum values of SSTD are:

· SSTDmin = -167214560 Ts

· SSTDmax = +167541760 Ts

The SSTD signaling overheads depend also on the resolution (i.e. quantization step) of the measurement reporting range. The SSTD overheads for different resolutions from 1 Ts to 20 Ts are shown in table 1.

Table 1: Signaling overheads of SSTD measurement reporting for different level of reporting resolution
	No.
	Reporting resolution (Ts)
	Reported value range
	Total number of reported values
	Signaling overheads

	1.
	1
	0….334756319
	334756320
	29 bits (229 = 536870912)

	2.
	10
	0….33475631
	33475632
	25 bits (225 = 33554432)

	3.
	16
	0…..20922269
	20922270
	25 bits (225 = 33554432)

	4.
	20
	0…..16737815
	16737816
	24 bits (224 = 16777216)


3 Recommended Resolution for Measurement Reporting
When choosing a reporting resolution of measurement one needs to take into account the measurement accuracy of the corresponding measurement. The resolution should be smaller than the accuracy to minimize the impact of quantization error. As analysed in [3] the accuracy of SSTD would be in the order of ±48 Ts and ±36 Ts for cell bandwidth (BW) =1.4 MHz and BW ≥ 3 MHz respectively. Therefore we believe that the SSTD resolution in the order of 16 or 20 Ts would be sufficient. This would require 25 bits for resolution of 16 Ts and 24 bits for resolution of 20 Ts.
In WCDMA, SFN-SFN observed time difference type 1, which is analogous to SSTD is reported using 23 bits (value ranges: 0…9830399). 
We therefore recommend that SSTD is used and is reported with a resolution of 16 Ts or at most 20 Ts. 
4 Conclusions
In this paper we have analysed the reporting range and signalling overheads of SSTD measurement for different SSTD reporting resolutions. With a resolution of 16 Ts, which is reasonable, considering the expected accuracy of SSTD, the total number of bits required to report SSTD is 25. 
· Proposal # 1: SSTD measurement reporting with 16 Ts or at most 20 Ts is used for SSTD reported.  
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