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Abstract of the contribution: This paper provides a more in depth analysis of the contributions to the MS Transmission Accuracy. 
Introduction
At RAN#72 a Work item on “Positioning Enhancements for GERAN” was approved [1]. 
At RAN6#2 it was agreed that the MS needs to provide the MS Transmission Accuracy to Network as part of timing advance procedure [2]. The MS Transmission Accuracy is a measure of how well the MS is able to time its uplink transmissions to the BTS according to signals received from the BTS [3]. 
This document provides a more in depth analysis of the contributions to the MS Transmission Accuracy.   
1. Discussion
As part of its procedure to time the uplink transmission to the BTS according to signals from the BTS the MS first synchronizes to the network. In the synchronization process, the MS estimates the accuracy by which it has synchronized to the network. This can e.g. be done by performing multiple synchronizations and measurements of the timing of the BTS estimating the variance between these measurements. For instance, if  measurements of the timing are denoted , the variance of the individual measurement can be estimated using the well-known formula for unbiased sample variance:

where  is the mean of , i.e.

Further, if the MS finally estimates the timing of the BTS as the mean of the individual measurements (i.e., by ), the variance of this timing estimate can be estimated by

When synchronization is completed the MS will access the cell. The uplink transmission of the MS when accessing the cell may not be perfectly time aligned with the timing of the signals from the network as estimated during synchronization, due to limitations in the design of the MS, e.g., the internal time base of the MS (to which its transmissions must be time aligned) may not be perfectly aligned with the MS Nominal Transmission Opportunity that a MS determines to be applicable according to estimated timing of the BTS transmissions (e.g. from TS 45.010 we have “The MS transmissions to the BTS, measured at the MS antenna, shall be 468,75‑TA normal symbol periods (i.e. 3 timeslots‑TA) behind the transmissions received from the BTS, where TA is the last timing advance received from the current serving BTS. The tolerance on these timings shall be ± 1 normal symbol period.”). Note that the internal time base used for uplink transmissions may be somewhat arbitrary as to when its corresponding uplink transmission opportunities (see upward pointing arrows in Figure 2) occur relative to the ability of a MS to synchronize to downlink signals (e.g. FCCH/SCH/EC-SCH) received from the BTS. This arbitrariness can be viewed as acceptable as long as the uplink transmission opportunities are spaced tightly enough (e.g. 1/4 symbol) such that the worst case known offset introduced by a MS when making an uplink transmission will be half the spacing of the transmission opportunities (e.g. 1/8 symbol). However, in cases where an enhanced level of positioning accuracy is needed, the offset imposed by using such an internal time base can still result in limitations regarding the accuracy with which the SMLC can estimate the position of a MS. It is therefore desirable for MS knowledge of the MS Transmission Offset it applied when performing the MTA procedure in a given cell to be made available when the corresponding BTS attempts to determine the applicable timing advance value for the MS in that cell. 
In other words, by e.g. the BTS not having access to MS Transmission Offset applicable when the MS performed the MTA procedure in a given cell, there will be a forced misalignment of uplink transmissions that the BTS will not be able to take into account. This will then contribute to the total TA estimation error (i.e. the BTS will determine a value for the Estimated Timing Advance but will not be able to determine a value for the Adjusted Estimated Timing Advance), see Figure 1 where this is illustrated with the assumption that the uplink transmission opportunities associated with the used internal time base are spaced ¼ symbol apart. Based on signals from the BTS (i.e. BTS true timing) the MS estimates the DL timing denoted as MS estimated DL timing.  Now, due to limitations in the device (i.e. the internal time base imposed on all uplink transmissions) there is a difference between the MS Nominal UL Transmission opportunity (e.g. determined according to the MS estimated DL timing + 3 time slot offset for the uplink) and the MS Selected Transmission opportunity (i.e. the closest internal time base uplink transmission opportunity which may occur either before or after the MS Nominal Transmission opportunity), denoted MS Transmission Offset. 
[image: ]
[bookmark: _Ref469301529]Figure 1: Illustration of MS transmission offset.
The BTS will perform TA estimation based on the signal sent by the MS (e.g. an access request received on the EC-RACH or an uplink RLC data block received on an EC-PDTCH). Given that the MS Transmission Offset is a known error introduced by the MS the BTS can use the MS Transmission Offset, if available, to directly compensate the estimated TA values i.e., TAAdjusted =TAestimated-MS Transmission Offset.  It is therefore proposed to include the MS Transmission Offset as part of the MS Transmission Accuracy field. 
Furthermore, assuming that the MS Transmission Offset is provided by the MS to BTS the only remaining error, from a BTS perspective, on the MS side is thus the MS synchronization accuracy. 
Based on the above discussion is thus proposed to adopt the following working assumption. 
WA 1: 	The MS Transmission Accuracy is composed of two sub-fields the MS Sync. Accuracy and MS Transmission Offset fields. 
Based on the link level investigations in R6-160157  where at high SNR the standard deviation after 5 EC-SCH is 0.025 symbols it is proposed to have 1/32 of a symbol (=.03125) or better as the tightest MS Synchronization Accuracy. It is furthermore proposed to step the accuracy in units of 1/32 symbols up to an accuracy of current requirement of ½ symbol, see Table 1 for a proposed coding of the MS Synchronization Accuracy using 4 bits.
Table 1 MS Sync Accuracy field
	Bit
4321
	MS synchronization accuracy (MS Sync. Acc.)

	0000
	MS Sync. Acc <1/32 of symbol period

	0001
	1/32 of symbol period < MS Sync. Acc <1/16 of a symbol period

	0010
	1/16 of a symbol period <  MS Sync. Acc <3/32 of a symbol period

	0011
	3/32 of a symbol period <MS Sync. Acc < 1/8 of a symbol period

	0100
	1/8 of a symbol period <MS Sync. Acc <5/32 of a symbol period

	0101
	5/32 of a symbol period <MS Sync. Acc <3/16 of a symbol period

	0110
	3/16 of a symbol period <MS Sync. Acc <7/32 of a symbol period

	0111
	7/32 of a symbol period <MS Sync. Acc <1/4 of a symbol period

	1000
	1/4 of a symbol period <MS Sync. Acc <9/32 of a symbol period

	1001
	9/32 of a symbol period <MS Sync. Acc <5/16 of a symbol period

	1010
	5/16 of a symbol period <MS Sync. Acc <11/32 of a symbol period

	1011
	11/32 of a symbol period <MS Sync. Acc <6/16 of a symbol period

	1100
	6/16 of a symbol period <MS Sync. Acc <13/32 of a symbol period

	1101
	13/32 of a symbol period <MS Sync. Acc <7/16 of a symbol period

	1110
	7/16 of a symbol period <MS Sync. Acc <15/32 of a symbol period

	1111
	15/32 of a symbol period <MS Sync. Acc <1/2 of a symbol period



Similarly, to the MS Synchronization Accuracy field it is proposed to use 1/32 symbol as the step when coding the MS Transmission Offset field up to an offset of 7/32 of a symbol period, see Table 2 below. 
Table 2 MS Transmission Offset field
	Bit
4321
	MS Transmission Offset (MS Trans. Offset)

	0000
	[bookmark: _GoBack]MS Trans. Offset = -7/32 of symbol period

	0001
	MS Trans. Offset = -3/16 of symbol period

	0010
	MS Trans. Offset = -5/32 of symbol period

	0011
	MS Trans. Offset = -1/8 of symbol period

	0100
	MS Trans. Offset = -3/32 of symbol period

	0101
	MS Trans. Offset = -1/16 of a symbol period

	0110
	MS Trans. Offset = -1/32 of a symbol period

	0111
	MS Trans. Offset = 0

	1000
	MS Trans. Offset = 1/32 of a symbol period

	1001
	MS Trans. Offset = 1/16 of a symbol period

	1010
	MS Trans. Offset = 3/32 of a symbol period

	1011
	MS Trans. Offset = 1/8 of a symbol period

	1100
	MS Trans. Offset = 5/32 of symbol period

	1101
	MS Trans. Offset = 3/16 of symbol period

	1110
	MS Trans. Offset = 7/32 of symbol period

	1111
	MS Trans. Offset = 1/4 of symbol period



Based on the above proposals it is proposed to adopt the following working assumption. 
WA 2: 	The MS Synchronization Accuracy and MS Transmission Offset fields are each coded using 4 bits each with coding as proposed in Table 1 and Table 2, respectively. 

Conclusion
This paper as has performed a more in depth analysis of the contributions to the MS Transmission Accuracy and concluded that it can be separated into two components, the MS Synchronization Accuracy and the MS Transmission Offset. In this regard it is proposed that RAN6 discusses and agrees to the following working assumptions:  
WA 1: 	The MS Transmission Accuracy is composed of two sub-fields the MS Sync. Accuracy and MS Transmission Offset fields.
WA 2: 	The MS Sync. Accuracy and MS Transmission Offset fields are each coded using 4 bits each with coding as proposed in Table 1 and Table 2, respectively. 
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