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Radio Interface Enhancements 
for TA based multilateration
introduction
New WI to enhance the positioning measurement for IoT devices is approved for Rel-14. One main method proposed for enhanced positioning accuracy in [1] uses timing advance based multilateration for estimating the positon of the device without any additional HW such as LMU.
As per initial evaluations indicated in [1], the energy consumption of this method is similar to transmission of 200 Byte MAR.
The traffic model for the position tracking is not known at this moment. Depending on the traffic model, the overall energy consumption at IoT device for position tracking varies. So one of the main objectives is to reduce the energy consumption of the procedure required for a single measurement as much as possible.
RADIO INTERFACE procedures for TA based multilateration
The TA based multilateration procedure referred in [1] consists of below steps for MS in idle state.
1. Page to MS and, after the page-response and the establishment of a TBF, the network triggers a neighbour cell measurement report from the MS.
2. MS releases the TBF and measures the neighbour cells. On successful completion of the measurement, new UL TBF is established to report the neighbour cell measurements to base station.
3. From the received measurement report, the BSS derives a candidate BTS list and provides it to SMLC. SMLC sends a cell list for TA measurement to the BSS.
4. BSS sends cell reselection list to which MS needs to establish uplink TBF to send single block.
5. MS synchronises and triggers random access followed by uplink TBF establishment for single block transmission to all the BTS in the cell reselection list given by base station.
Above steps require one TBF establishment for page-response and another one for sending measurement report, followed by one TBF establishment with each neighbour cell for transmission of uplink block to link the MS identity and random access.
These TBF establishments can be avoided if the radio-interface procedure uses alternative means for binding the access burst and the MS-identity. With this alternative, the energy consumption of the complete positioning procedure can be reduced significantly.
ENERGY consumption analysis for TA based multlateration
As per [1] the energy consumption for various steps are indicated. Below table summarises the energy consumption from [1].
Table 1
	TA trilateration
	Comment

	Message
	Energy (in mJ)
	

	Page (DL)
	0.11
	

	RACH (UL)
	2.34
	1st TBF

	FUA (DL)
	0.11
	1st TBF

	Page response (UL)
	9.37
	1st TBF

	PUAN (DL)
	0.23
	1st TBF

	Measurement Request (DL)
	0.23
	1st TBF

	Measure on 5 Neighbors+ reconfirm serving cell
	21.2
	

	RACH (UL)
	2.34
	2nd TBF

	Fixed UL assignment (DL)
	0.11
	2nd TBF

	Measurement Report (UL)
	9.37
	2nd TBF

	PUAN (DL)
	0.23
	2nd TBF

	Packet DL Assignment
	0.23
	2nd TBF

	Cell reselection list (DL)
	0.23
	2nd TBF

	PDAN (UL)
	9.37
	2nd TBF

	Sync to 3 cells
	7.42
	

	3xRACH
	7.02
	3rd-5th TBF

	3xFUA
	0.33
	3rd-5th TBF

	3xControl Message UL (TLLI)
	28.1
	3rd-5th TBF

	
	98 mJ
	Total energy consumption



The energy consumption for each of TBF establishments and data transfer from the above table is listed in the below table.
Table 2
	1st TBF (For page response and Triggering measurement Report)
	12.28 mJ

	2nd TBF (For measurement report and Cell-Reselection-command)
	21.88 mJ

	TBFs for TA Estimation
	3*11.82 mJ =35.45 mJ



Out of total energy consumption of 98mJ for the complete procedure, 5 TBF establishments consume approximately 70mJ. If these TBF establishments or associated control channel signalling can be minimised along with use of associated control channels instead of data blocks, the energy consumptions related to these TBFs will reduce by significant amount.
enhanced radio interface procedure for TA based Multilateration
All the steps of the reference procedures requires TBF establishment for single block transmission which is needed to bind the MS identity to the procedure steps. If short identifier can be used for binding the various steps of the procedure, overall energy consumption can be reduced by considerable amount. 
Section 4.1 proposes modifications to the first step of procedure where paging followed by measurement is triggered towards MS. Section 4.2 and 4.2 proposes changes to TA estimation procedure using short identifier.
Enhancements for triggering the positioning measurements for device in idle mode
As per the reference procedure, the positioning measurements towards idle mode MS starts with paging the MS. MS responds with page response over single block TBF, and neighbour cell measurement is triggered over this TBF. 
This part of the procedure can be optimised as follows:
· New paging message for positioning is sent towards MS which also contains a new "position reference temporary identifier" (PRTI) which can be used by MS and the network to temporarily identify the MS in the multiple UL and DL steps of the positioning procedure.
· MS responds to the page by sending the PRTI in the (EC-)RACH channel. Base station acknowledges the (EC-)RACH and also triggers the neighbour cell measurement towards UE.
· With above changes, the first step of positioning measurement can be completed without TBF establishment.
The message sequence for TA estimation by neighbour cells using dedicated EC-PACCH/T is illustrated in the below figure 2.
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Figure 1: Message sequence for triggering positioning measurements for device in idle mode.
If MS does not receive Acknowledgement to its page response, MS may retry the RACH attempt in the serving cell again as similar to other RACH mechanisms.
Access burst transmission on a dedicated channel for TA estimation
The TA estimation procedure which requires MS to access and establish TBF in two or more cells can be optimised if BSS can reserve dedicated resources for access burst transmission. 
The key aspects of TA estimation using access bursts on dedicated channels are given below.
When BSS triggers the TA estimation from cell reselection lists, BSS can reserve a dedicated EC-PACCH block within PDCH for transmission of the access burst in the neighbour cells instead of directing the MS to random access on a common channel. 
The PACCH block for transmission of dedicated access burst in candidate cells needs to be scheduled in such a way that it allows MS to synchronise to the base station and send the access burst.
This mechanism reduces the MS transmission on common channel and also risk of collision for TA estimation.
With access burst transmission on a dedicated channel, inclusion of MS identity is not required to bind the access burst against the MS identity. However in this option network can provide short identifier which should be sent over the EC-PACCH block. Transmission of known data-bits on the EC-PACCH blocks will enable better channel estimation on the access burst.
Use of dedicated EC-PACCH approach for extended coverage will require 4 consecutive PDCHs. This will require 4 consecutive PDCH slots on the BCCH carrier itself for this approach. As BCCH carrier will have only limited time-slots for its operation, the dedicated EC-PACCH solution should fit within one time-slot. For this purpose, new EC-PACCH logical channel mapping with single timeslot is required.
New "EC-PACCH/T" channel is defined for this solution where the blind physical layer transmissions of higher coverage classes are mapped across TDMA frames with single time-slot itself.
Table 3
	
	Number of blind physical layer transmissions

	CC1
	1(Single burst within Radio block)

	CC2
	4 (One radio block)

	CC3
	16(4 radio blocks)

	CC4
	48 (12 radio blocks)



When dedicated EC-PACCH/T is assigned for CC1 user, the EC-PACCH block and the burst number within the block is given to the MS for sending access burst on the dedicated channel.
Number of blind physical layer transmissions of EC-PACCH/T is similar to EC-RACH but on dedicated PDCH without collision.
The message sequence for TA estimation by neighbour cells using dedicated EC-PACCH/T is illustrated in the below figure 2.
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Figure 2: Message sequence for TA estimation with access burst transmission on a dedicated channel. 
When base station sends the cell reselection list via downlink (EC-)PDTCH, this block needs to acknowledged via PDAN message in uplink EC-PACCH before starting the cell reselection. This PDAN message transmission also can be replaced by single access burst transmission instead of 4 burst (EC-)PACCH transmission.
In case if the base station is not receiving the access burst on expected location on the dedicated channel, PDAN message including further location for access burst transmission can be sent.
With this modified procedure, the mobile station's Tx energy consumption for TA estimation is reduced to transmission of access bursts to the candidate cells. Considering the same energy as that of EC-RACH consumed for these access bursts, the Tx energy consumption for TA estimation can be calculated as 
Tx energy consumption(TA Estimation-Dedicated-AB) = 3*2.34 =7.02 mJ.

Connectionless Access burst transmission for TA Estimation
The reservation of EC-PACCH/T resources in neighbour cells may be difficult for neighbour cells belonging to a different BSC than the mobile station's serving cell. In this case, the access burst may be sent on the (EC‑)CCCH/U instead of EC-PACCH/T. 
Instead of MS establishing single block TBF with a neighbour cell for sending the MS-Identity to bind the TA estimated from random access (as proposed in [1]), the random access channel itself can carry a shorter identifier which can be mapped to the MS identifier at base station.
For this purpose, BSS assigns short identifier PRTI (Positioning-Reference-Temp-identifier) when it triggers the Random access transmission from MS according to cell reselection list. If the procedure is triggered towards idle mode MS the PRTI will be assigned as part of  paging procedure itself as described in section 4.1.
MS sends the PRTI as payload bits instead of regular 11 Bit RACH payload contents. One of existing bits can be used to indicate the payload type.
The BSS, on reception of the access burst, estimates the TA and binds the estimated TA values against the PRTI contained in the access burst.
The message sequence for TA estimation from selected cells using access burst transmission on EC-RACH is illustrated in the below figure 3.

[image: ]
Figure 3: Message sequence for TA estimation with connectionless access burst transmission. 
In this option, MS only sends (EC-)RACH access bursts for TA estimation instead of TBF establishment followed by single block transmission. Contention resolution for the RACH access is also achieved using transmission of PRTI in (EC-)AGCH instead of 3 bit channel reference.
With this option, the energy consumption for TA estimation is estimated as below.
Energy-consumption (TA-Estimation-connectionless) = 3*(2.34+0.11) mJ =7.35 mJ
further details of design aspects
Transmission of PRTI value of 10 bits over (EC-)RACH is possible with one spare-bit of RACH payload indicating that the message carries 10 bit PRTI value. 
BSS can direct the MS to either use dedicated resources for the access bursts or connectionless access burst mechanism on the CCCH for TA estimation depending on the resource availability for dedicated access burst transmission. 
As BSS also can provide PRTI value for access burst transmission on dedicated resources, in case if MS cannot transmit on the dedicated bursts (e.g. because the synchronization takes too long), it can switch to RACH transmission using the same access burst.
The PRTI value used in the approach need not be unique within BSS. It needs to be unique within the serving cell and preferably also within the involved neighbour cells where the TA Estimation procedure is ongoing. With this reuse of PRTI inside BSS, it is possible to address all parallel positioning transactions with 10 bit PRTI.
When the positioning procedure is triggered for MS in idle mode, the locally available PRTI value can be used if the first page is sent to specific cell-id or group. When further pages need to be sent across the complete BSS, normal paging procedure can be used. If BSS can reserve some PRTI for BSS wide paging, they can be used for these paging also to optimise the procedure. 
This new procedure needs to be supported in all Rel-14 base stations. BSS can decide to use the enhanced approach only if all the candidate base stations for TA multilateration are capable of this procedure. Otherwise BSS should follow existing procedure.

conclusion
[bookmark: _GoBack]Energy efficient radio interface procedure along with new logical channels is proposed for Rel-14 TA multilateration based positioning mechanism.
Comparison of energy consumption of reference procedure for TA multilateration specified in [1] and enhanced procedures are captured in [2].
Sourcing company proposes to consider this enhanced radio interface procedure positioning enhancement for the WI in Rel-14.
Sourcing company can provide further details on link level performance of new channels and CRs for the impacted specifications in this regard.
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