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Extended Access Burst for TA estimation
1. Introduction

A new work item for positioning enhancements for GERAN [1] was agreed at RAN#72. The TA based multilateration method is proposed to estimate the position of the MS as part of this work item. In this paper a new procedure for TA estimation is proposed which uses the (EC-) RACH to allow for binding the TA value to the TLLI of the MS.

2. Currently proposed methods for TA estimation procedure

The proposed TA estimation procedure [2] involves following steps:

· The BSS sends the cell reselection command to the MS with a list of cells to which access attempt is required.

· The MS synchronises to each of the indicated cells and sends an access burst followed by TBF establishment for single uplink RLC block containing the TLLI.

· The BSS identifies the MS based on TLLI associated with the RLC block. The TA value is estimated from reception of access burst and several normal bursts in each of the selected base stations.

· The estimated TA value for each of the selected base stations is sent to the SMLC and the SMLC estimates the MS position based on these values.

A major drawback of this method is that one RLC block needs to be transmitted for conveying the TLLI which negatively impacts the power consumption of the MS. 

As depicted in [3] and [4], modifications to the above procedure are proposed, where the MS sends a BSS assigned short identifier in the access burst to a selected base station to enable the TA measurement and at the same time avoid the signaling procedure related to TBF establishment, thus reducing the negative impact to MS power consumption. However, this method allows to convey only the short identifier, which may not be sufficient to address all the concurrent transactions for positioning measurements in a unique manner in case this identifier is assigned by a central network entity (SMLC). On the other hand, in case this identifier is assigned by the BSS, the BSS may need to implement a more complex mechanism to manage the use of this identifier in a unique manner at each base station level, considering also inter-BSS reselection scenarios.
3. Modified TA estimation procedure

In order to avoid significant impact to MS power consumption on one hand, and additional effort in the network for coordinating short identifiers on the other hand, another method is proposed to be considered, which allows to convey the actual MS identifier (TLLI) over the (EC-)RACH channel without the need for TBF establishment, yielding significant energy savings. To this purpose, a new burst format, denoted as ‘Extended Access Burst’ format, is proposed to be introduced for (EC-)RACH. 
The Extended Access Burst format is used by a MS whose timing advance is known and has a length identical to the normal burst (148 bits rather than 88 bits). It is constructed in such way that it allows for sending the actual MS identifier (TLLI) within one burst. The format is further detailed in section 4.
The TA estimation procedure modified by the use of the Extended Access Burst format is as follows:

· The BSS sends cell reselection command to the MS with a list of cells to which access attempt is required.

· The MS synchronises to each of the indicated cells and sends an access burst, carrying a short identifier, to the selected base station which contains the least significant 8 bits of its TLLI.

· The BSS sends (EC-)Immediate Assignment to the MS which only assigns the TA value to this MS (6 bits). The 8 bits sized short identifier, sent in the access burst, is used as channel request reference for contention resolution.

· On reception of the TA value, the MS sends the Extended Access Burst at the next possible (EC-)RACH opportunity in such way that it sends the short identifier (least significant 8 bits of its TLLI) in the access burst part and the remaining 24 bits of its TLLI in the extension part of the Extended Access Burst. 
· On reception and decoding of the Extended Access Burst, the BSS sends an acknowledgement to the MS by confirming the 32 bit TLLI value in the response message.

This method has following advantages compared to the BSS or SGSN assigned short identifier based method used for the common control channel:
· With this method, the short identifier management can be avoided because the short identifier is derived from the actual MS identifier (i.e. TLLI). 

· The procedure can be used for intra-BSS and inter-BSS cell reselections in the same way.
· With MS sending the Extended Access Burst using the provided TA value, the base station can estimate the final TA value more accurately compared to reception of a single access burst only.

· As the Extended Access Burst is using the same TSC as the access burst, no additional TSC needs to be introduced for transmission of the actual MS identifier, and hence the base station processing is not increased.

· Significant level of energy saving can be achieved, since only one access burst and one burst with normal burst size need to be sent by the MS compared to one access burst and 4 normal bursts for the proposal in [2] corresponding roughly to a reduction of 60% for the MS power consumption for each TA estimation. 
4. Extended access burst design
This section presents the design of the Extended Access Burst format. 
4.1 Burst format 

The new burst has a length equal to the normal burst format and is shown in Figure 1 below. 
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Figure 1: Extended Access Burst format with size of 148 bits. 

This burst format is identical to the access burst format for the first 88 bits. In the extension part of length 60 bits, 57 data bits are added and 3 tail bits as for the normal burst. The second part carries additional 24 input bits, encoded to 57 bits, related to the remainder of the TLLI identifier. The Extended Access Burst is only used once the MS knows its timing advance. 
The advantage of the Extended Access Burst over the normal burst is that this burst reuses the training sequence of the access burst, which allows for better time synchronization and also is expected by the base station receiver in the common control channel. 
4.2 New access request message for positioning 

The new message related to the TA estimation procedure using the Extended Access Burst format is given below. Based on the content of the access burst part of the Extended Access Burst, which is decoded first, the base station knows whether additional data is available in the burst or not. To this purpose it decodes first the information in the 36 bit data part, which contains the indication of the Extended ID as depicted in Table 1.
Table 1: Proposed coding of EC-RACH message content for Extended Access Burst.

	TS
	Bit 1 to Bit 9
	Bit 10
	Bit 11

	acc. to CC
	< EC POSITION ACCESS REQUEST > :: =

< Short Identifier : bit (8) >

< Extended ID : bit(1) >
	0
	1


When the message with 11 bit payload is sent using the access burst, the Extended ID bit will be set to 0, else when the Extended Access Burst format is used, the Extended ID bit will be set to 1. Based on this information, the base station attempts to decode the additional 57 data bits following the data bits of the access burst and retrieves the remaining 24 bits of the TLLI identifier encoded into this extension part.
4.3 Channel coding design 
The channel coding for the 57 bit data part in the Extended Access Burst for encoding the 24 bit identifier (i.e. TLLI High part) over the extended bits (57 bits) is proposed in Table 2. 
Table 2: Channel coding for extended bits in Extended Access Burst

	Input bits
	24

	Parity
	6

	Tail bits (use tail-biting code)
	0

	Code rate (convolutional code)
	½

	Puncturing bits
	3

	Encoded bits
	57

	Effective code rate
	0.53


The code rate of the channel coding scheme is very close to that of (EC-)RACH data bits encoding. Hence the same link level performance is expected for the additional data bits. 

Whether the entire TLLI or a subset of the TLLI for the Extended Access Burst needs to be encoded is for further consideration.
5. Performance evaluation 
FFS.
6. Conclusion

The TA estimation procedure, being modified for sending the access burst followed by receiving a TA value and sending the Extended Access Burst, is more accurate and simpler in terms of management of new identifiers compared to the procedure which only uses a single access burst to convey the short identifier on CCCH. It is also suited for mobile autonomous TA multilateration and yields MS energy savings, as it avoids to establish a TBF for the transmission of an MS identifier.
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