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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. For TA based multilateration procedure new procedure which does not require TBF establishment using Extended Access Burst was proposed in [2].
This document provides further design aspects of this approach with proposals on the new identifier format and access procedures to proceed with the specification work.
The procedure using the Extended Access Burst for TA multilateration is referred as “connectionless TA multilateration” in this document. Corresponding use case scenarios for this procedure are depicted in the companion contribution [3]. 
This document is the updated version of the document presented in ePOS-Telco1. The updates are marked in blue colour.
design of short MS identifier for multilateration using extended access burst
For the connectionless TA multilateration method, the Extended Access Burst needs to contain below information for identifying the MS corresponding to the estimated TA value and also the accuracy of the estimated TA value:
· MTA Reference ID: this identifier addresses all concurrent TA multilaterations within a BSS in a unique manner. To this purpose a 16 bit identifier is used which can address up to 65536 concurrent TA multilateration requests within a BSS.
· Short BSS ID: this identifier is uniquely assigned across neighbouring BSS to differentiate the multilateration attempts initiated from other BSS. A 3 bit identifier will be sufficient to address 16 neighbouring BSS for this purpose. The identifier can be reused across another set of BSS.
· MS Synchronisation accuracy: this is a 4 bit field to indicate the estimated MS downlink synchronisation accuracy. The encoding of this parameter is described in [4].
· MS Transmission offset: Transmission offset of uplink with respect the downlink synchronisation. This parameter is 4 bit field with encoding of this parameter as described in [4]. 
Based on the above requirements, a 19 bit short identifier “Short MS ID” is used for the timing advance multilateration procedure which is conveyed in the Extended Access Burst and the format of the identifier is given in Figure 1 below.
	MTA Reference ID (16 bits)
	Short BSS ID (3 bits)



Figure 1: Short MS ID
WA 1: For TA multilateration using the Extended Access Burst method, a short MS identifier of 19 bits, which consists of a local MS identifier of 16 bits and the source BSS ID of 3 bits, will be used.

The BSS generates the short MS identifier and binds it against the TLLI when it provides network assistance information for multilateration towards SMLC. The SMLC then decides to include the short MS identifier in the RRLP message towards the MS depending on the required accuracy and MS preference for reduced energy consumption for positioning.
WA 2: The MTA Reference Identifier assigned for connectionless TA multilateration is included in the network assistance information from BSS. SMLC decides to include the same in the RRLP message based on required accuracy and MS energy consumption preference. 
When the serving BSS receives the TA value and the Short MS ID, it has a context for the Short MS ID. However if a non-serving BSS receives the TA value together with the Short MS ID, it has no context for the Short MS ID. Thus it maps the Source BSS ID contained in the Short MS ID to the known Network Element Identity of the serving BSS and inserts this information in the BSSAP-LE Connectionless Information message sent to the MSC and forwarded by the MSC to the serving BSS. 
WA3: In case the BSS identifies that it is a non-serving BSS, it maps the Short BSS ID to the Network Element Identity of the serving BSS and sends the MSC a BSSAP-LE Connectionless Information message including TA value, MTA Reference ID and Network Element Identity. Short BSS ID vs BSS Network Element Identity are configured via OAM in each BSS. 

Message contents for connectionless TA MULTILATERATIOn PROCEDURE
The connectionless TA Multilateration procedure consists of two steps.
· MS sends connectionless multilateration TA request on RACH if it has received the short MS ID in the RRLP:TA Multilateration Request message and if the cell supports this procedure.
· BSS provides the timing advance values to MS and MS sends Extended Access Burst which contains extended data bits over RACH channel using the given timing advance.
For this purpose the connectionless TA multilateration procedure requires two new (EC-)RACH messages. 
When the connectionless TA multilateration method is used by the PEO device, TS4 is used to send the new RACH messages for connectionless TA multilateration.
The message contents of RACH with inclusion of the new message related to the connectionless TA multilateration procedure are given in the below table to be included to TS 44.060.
Table 11.2.5a.4: EGPRS PACKET CHANNEL REQUEST message content (PEO access)
	TS
	Bit 0
	Bit 1
	Bit 2
	Bit 3
	Bit 3
	Bit 5
	Bit 6
	Bit 7
	Bit 8
	Bit 9
	Bit 10

	4
	0
	0
	0
	< EGPRS PACKET CHANNEL REQUEST message content for ‘PEO One Phase Access Request’ > ::=
< Access Cause : bit (2) >
< PEO Priority : bit (1) >
< Random Bits : bit (3) >
< EGPRS Capability : bit (1) >
< Spare : bit (1) > ;

	4
	0
	0
	1
	< EGPRS PACKET CHANNEL REQUEST message content for ‘Connection-oriented Multilateration Timing Advance’ > :: =
< RandomBits : bit (3) >
< Spare : bit (5) > ;

	4
	0
	1
	0
	<EGPRS PACKET CHANNEL REQUEST message content for ‘Connectionless Multilateration Timing Advance-Access Burst’ > :: =
< MTA Reference ID lower part : bit (4) >
< MS Transmission Offset : bit (4) >;

	4
	0
	1
	1
	< EGPRS PACKET CHANNEL REQUEST message content for ‘Connectionless Multilateration Timing Advance-Extended Access Burst’ > :: =
-- Contents of first data bits of extended access burst --
< MTA Reference ID lower part : bit (4) >
< MS Synchronisation accuracy : bit (4) >
-- Contents of extended data bits of extended access burst
< MTA Reference ID higher part : bit (12) >
< Source BSS ID : bit (3) >
< Spare bits : bit (4) >

	4
	1
	Reserved



When the connectionless TA multilateration method is used by the EC device, the EC-RACH messages related to connectionless TA multilateration can be sent using the training sequence selected for the coverage class. For CC1, TS4 will be used to send these messages. For higher coverage classes the training sequence corresponding to the coverage class is used. The message contents of EC-RACH with inclusion of the new message related to the connectionless TA multilateration procedure are given in the below table to be included to TS 44.018.

Table 9.1.65.2: EC PACKET CHANNEL REQUEST message content (EC-RACH), Extract
	TS
	Bit 1
	Bit 2
	Bit 3
	Bit 4
	Bit 5
	Bit 6
	Bit 7
	Bit 8
	Bit 9
	Bit 10
	Bit 11

	3 (CC1)
	< EC PACKET CHANNEL REQUEST message content > :: =
< EC-NumberOfBlocks : bit (3)  >
< EC Priority : bit (1) >
< RandomBits : bit (3) >
< Selected DL Coverage Class : bit (3) > ;
	EGPRS Capability

	4 (CC1)
	0
	0
	< EC MULTILATERATION REQUEST message content > :: =
< RandomBits : bit (3) >
< Selected DL Coverage Class : bit (3) > 
< Spare : bit (2) > ;
	EGPRS Capability

	4
	0
	1
	< EC PACKET CHANNEL REQUEST CL MULTILATERATION > :: =
< MTA Reference ID lower par : bit (4) >
< MS Transmission Offset : bit (4) >;
	EGPRS
Capability

	4
	1
	0
	< EC PACKET CHANNEL REQUEST CL MULTILATERATION EXT > ::
-- Contents of first data bits of extended access burst --
< MTA Reference ID lower part : bit (4) >
< MS Synchronisation accuracy : bit (4) >
-- Contents of extended data bits of extended access burst
< MTA Reference ID higher part : bit (12) >
< Source BSS ID : bit (3) >
< Spare bits : bit (4) >
	EGPS
Capability

	4
	1
	1
	 Reserved 
	




The channel coding of the extended data bits which encodes 19 payload bits to 57 bits is given in table 1 below.

	Parameter
	Value

	Input bits
	19

	Parity
	6

	Tail bits
	4

	Code rate (convolutional code)
	½

	Encoded bits
	58

	Puncturing
	1

	Effective code rate
	0.44



Table 1: Encoding of extended data bits for Extended Access Burst.


WA 4: New RACH and EC-RACH messages as proposed in this section will be used by the MS in case of connectionless TA multilateration procedure using the Extended Access Burst. 

Message Sequence Flow for Connectionless TA Multilateration Procedure
When the MS receives the RRLP:Multilateration TA Request message containing the short MS identifier, MS sends the CONNECTIONLESS-MULTILATERATIO-REQ message to BSS which supports the connectionless TA multilateration procedure. The capability of the cell for support of connectionless TA multilateration procedure is known via system information messages or via network assistance information sent by the SMLC for this cell in the TA Multilateration Request message.
The message sequence for the connectionless TA multilateration procedure is given in Figure 2.


Figure 2: Message sequence flow for connectionless TA multilateration access in each of the selected cells, carried out after reception of the TA multilateration request message.


scenario for extended access burst method
As per the link level simulation results presented in [3], the positioning accuracy estimated using both the methods (timing estimation based on channel impulse response adjustment and timing estimation based on oversampling) indicates that at the sensitivity level corresponds to RACH (7 dB SNR) the accuracy of extended access burst and RLC block method are same. 
For EC-RACH also when the MS is at good coverage condition ( 5 dB SNR ) the timing accuracy of extended access burst and RLC Block method are same. In the same way at SINR level corresponds to RACH sensitivity level (7.5 dB) as per 45.005 also the timing accuracy of extended access burst and RLC block method are same.
For same positioning accuracy, the energy consumption of extended access burst method is 30% higher than the RLC block method is indicated in [3].
At good coverage condition for EC-GSM-IoT and for PEO devices, the extended access burst can provide the required accuracy along with additional bits to transfer MS accuracy related information without TBF establishment. The additional information of MS accuracy is required at SMLC to get overall better positioning estimation accuracy.
WA 5: The connection TA Multilateration method using extended access burst is suitable to be used for PEO devices and also for EC devices in good coverage condition above CC1. If the MS receives the MTA Reference ID in the RRLP message and if its coverage condition allows the use of extended access burst, MS should use connectionless TA Multilateration method.
Specification Impacts in addition to new (EC-)RACH message contents
The following impacts to the specifications aside the new messages on (EC-)RACH as depicted in section 3 are identified:
· The connectionless packet access procedure needs to be added to the functional description of the MTA positioning method (TS 43.059).
· New (EC-)AGCH messages are needed to assign the timing advance only for the connectionless multilateration requests and also to acknowledge the Extended Access Burst reception (TS 44.018).
· EC System Information changes (TS 44.018) are needed to broadcast support for TA multilateration and inclusion of this capability in the network assistance information sent within the TA Multilateration Request to MS.
· Mapping of Short MS ID to TLLI in the network is needed (with assistance of MSC to identify the serving BSS by means of the BSSAP-LE Connectionless Information message in case of the inter-BSS interworking scenario in TS 44.031, 48.008 and 49.031). 
· Definition of Extended Access Burst is needed with channel encoding (TS 45.003), burst structure and mapping to physical channels (TS 45.002, TS 45.001) and performance requirements (TS 45.005).

WA 6: The connectionless packet access procedure for TA multilateration with Extended Access illustrated in Figure 2 should be used for further stage 2 and stage 3 specification work as depicted in this section.


CONCLUSION
It is proposed to agree the above working assumptions related to the design of the connection-less TA multilateration procedure. These form a basis for the stage 2 CR to 43.059 [4] and for companion stage 3 CRs.
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