3GPP TSG RAN6 #1                                                                                 R6-160086
                                                                                               Update of R6-160036
Gothenburg, Sweden                                                                      Agenda item 6.1
August 22-26, 2016
Source: Nokia


Energy Consumption Analysis of Radio Interface Procedures for Positioning Enhancements
introduction
New WI to improve the positioning measurements for IoT devices was approved in Rel-14. TA based multilateration method is described in [1] along with reference radio interface procedure and corresponding energy consumption analysis.
Enhancements to radio interface procedure for TA multilateration is proposed in [2] which reduces the required signalling and also MS transmissions with some alternative procedures. Multilateration based on MS OTD measurements along with serving cell TA measurements is proposed in [3].
This paper compares the energy consumption for the reference procedure [1] with that for the new procedures proposed for multilateration [2] and [3].
A combined solution of key aspects of [2] and [3] is proposed as candidate solution for EC-GSM-IoT positioning procedure.
The paper also compares the energy consumption analysis of new procedure which includes the secured transmission of the positioning control messages in all the methods.
scenario and key assumptions for energy calculation
The energy calculation provided in [1] considers 3 neighbour cells for TA multilateration and estimates the energy for MS procedures in each of the cells.
If the UE measurement provides the 5 best cells for further consideration of multilateration as assumed in table 1 of [1], in many cases these 5 cells will belong to 2 neighbour base station sites and the serving base station site. The serving cell has the best signal strength compared to neighbour cells in most of the cases, hence when performing a trilateration based on these 3 sites, including the serving cell will normally be a reasonable choice. So the energy consumption analysis is not required to consider access to 3 neighbour cells – instead just 2 neighbour cell accesses will be sufficient.
For EC-GSM-IoT MS, it is possible that at least one of the neighbour cells which is a candidate for TA estimation is in extended coverage conditions. In this case the energy consumption analysis should consider a higher coverage class for at least one of the base stations.
The energy consumption comparison presented in the next section assumes 
1. Out of the candidate cells selected by SMLC for TA estimation, one of the cells will be serving cell itself. Hence the TA estimation procedure is required in only two neighbour cells (NCL-1 and NCL-2 in table 1).
2. To consider a realistic case for the energy consumption, one of the neighbour cells (NCL-2) is assumed to be in extended coverage condition (CC2) for the MS in table 1.
3. The network synchronisation time used in calculations is modified according to coverage class in which the MS is w.r.t. a base station.
4. The voltage and current values used in the calculations are the same as specified in [1].

energy consumption analysis of radio interface procedures
Table 1: Comparison of the energy consumption for a trilateration
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Note : The energy consumption for measurement of 5 neighbour-cells remains same for all methods and it does not include additional time taken to measure the neighbour cell with CC2 condition for the MS.

In Table 1, the column for the reference procedure is based on the multilateration proposal in [1]. The column on the left hand side of the column for the reference procedure lists the numbers of bursts needed for the reference procedure, and on the right hand side, the numbers of bursts for the modified procedure proposed in [2] are listed. Two variants of the modified procedure are considered, first the TA measurements with the neighbour cells using dedicated channels and then the TA measurements with the neighbour cells using EC-CCCH. The column on the right hand side lists the energy consumption for the case that observed time differences reported by the MS can replace the TA measurements with neighbour cells.

The PRTI based procedure [2] improves the steps involved in Page response and triggering the MS to perform the measurement by the use of short identifier. Due to use of short identifier this step is simplified and does not require a TBF establishment. This enhancement is common for all new procedures.

Dedicated access procedure, as indicated, does not use the common channel access so these steps are avoided here. Common channel access procedure does not require TBF establishment so these steps are excluded here.
OTD based positioning procedure does not require any access to neighbour cells so complete steps related to neighbour cell access are excluded for this procedure.

The energy saving by the PRTI based procedure is estimated as 43% whereas, if the OTD based TA multilateration procedure can be applied, the energy saving even increases to around 74% compared to reference procedure. If the OTD based TA multilateration could be applied on average for every second positioning procedure, the average saving would be ~59 %.

combined enhanced procedure for position estimation
The OTD based position estimation procedure requires the estimated real time differences between base stations to be updated regularly based on TA measurements from mobiles. So on regular basis TA measurements using the PRTI based procedure is required to keep the real time difference data updated in SMLC. Whenever all the necessary, valid real time difference information is available at SMLC, no TA measurements with neighbour cells are needed for position estimation.
Below message sequence diagram in Figure 1 shows the combined procedure. At the end, it indicates also the possibility that OTD values received with the neighbour cell measurement report are combined with one neighbour cell TA measurement to estimate the MS position.
This procedure needs to be modified to include secured signaling mechanism once the common approach is agreed.
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Figure 1: Message sequence diagram for combined enhanced procedure.

energy consumption analysis with secured signaling message transmissions 
R6-160018 proposes secured signalling procedure for positioning method where the messages are communicated between SGSN and MS using TOM/RRLP protocols over secured LLC layer.
The energy consumption analysis considering the secured transaction across the reference and 3 different methods is presented here.
The scenario considered for this analysis
· MS reports 5 neighbour cells as part the measurement report which will also include one neighbour cell in extended coverage condition. (e.g.CC2).
· The cell reselection list only contain 2 neighbour-cells for TA multilateration assuming serving cell will be one of the candidate for most of the scenarios.
· The network synchronisation time to successfully decode EC-SCH for extended coverage is used for calculation when MS accessing the higher coverage class cell.
Energy consumption for the reference procedure where no enhancements are considered in any of the steps is given in the below table.
Table 1 : Energy consumption of Reference procedure with secured signaling 
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The energy consumption for the reference procedure modified to send only access burst to neighbour cells for TA estimation using short identifier is provided here. The dedicated access burst method also consumes the similar amount of energy, but the reliability and robustness of this message is expected to be higher compared to common channel access for the same radio-channel condition.
Table 2 : Energy consumption of Enhanced Procedure with short identifier
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The energy consumption of OTD based method along with secured signaling is presented in the below table.
Table 3 : Energy consumption of Enhanced Procedure with short identifier
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The energy consumption of the secured signaling procedure part also can be optimised further if BSS knows the channel request is meant for positioning and also SGSN indicating the same so when sending these messages. With this transmission of page response and PDAN message transmission in the first step can be further optimised to provide additional energy saving. 




Table 4 :  Energy consumption of Enhanced Procedure with short identifier
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Following observations can be made based on above analysis
· The energy consumption of single procedure is higher than single MAR report transmission without signaling optimisations.
· Additional enhancements to the TA estimation step will bring some energy saving upto 18%.
· OTD based measurement procedure reduces the energy consumption by 45%.
· Minor enhancements on the RLC procedures for the secured transaction can reduce the energy consumption to 26%. With this enhancement along with OTD based measurement is shown to provide 53 % reduction in energy consumption.
conclusion
As per the energy consumption analysis for the case that the MS is w.r.t. one of the neighbour cells in CC2,it is possible to improve the energy saving between 43% and 74% by modifying the radio interface procedures and also based on MS OTD measurements.

Even though the traffic model for positioning measurements is not available at this moment, the expected load will be higher than the network command traffic model specified in [4]. In such cases energy saving w.r.t. the reference procedure is essential to maintain longer battery life for IoT devices.
The sourcing company proposes to consider the new procedure sketched in this document for positioning estimation enhancements WI in Rel-14.

As per the energy consumption analysis of positioning procedure with secured signaling following points can be agreed.

[bookmark: _GoBack]Observation 1 : The energy consumption of secured positioning method is higher than single MAR  report transmission when one of the cell to be considered for multilateration is in extended coverage.
Proposal 1 : Further enhancements to the positioning procedure without impacting the security aspects needs to be considered to improve the energy efficiency of the procedure without impacting the security aspect of the procedure.
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image4.emf
Blocks Number of Bursts Direction Type Measurement Sync Num NCLEnergy consumption

Page 2DL 0.056NB 0.112

RACH 1UL 1.32AB 1.32

FUA 2 0.056 0.112

Page-Response 1 4UL 2.21NB 8.84

PUAN 4DL 0.56NB 2.24

Measurement command (TOM) 1 4DL 0.56NB 2.24

PDAN 4UL 2.21NB 8.84

Sync to NCL 0.056 19 43 4 13.888

Sync to NCL(CC2) 0.056 19 1032 1 58.856

Sync to Serving-cell(CC2) 0.056 0 43 1 2.408

RACH 1UL 1.32AB 1.32

FUA 2DL 0.56NB 1.12

Measurement Report (TOM) 2 8UL 2.21NB 17.68

PUAN 4DL 0.56NB 2.24

DL-Assignment 4DL 0.56NB 2.24

Cell-Reselection-command (TOM) 1 4DL 0.56NB 2.24

PDAN 4UL 2.21NB 8.84

Cell-Reselection-to-CC1 +AB 134.536

Sync  0.056 0 43 1 2.408

RACH 1 1.32 1.32

FUA 2 0.056 0.112

TLLI 0

PUAN 0

Cell-Reselection-to-CC2+AB

Sync  0.056 0 1032 1 57.792

RACH 4 1.32 5.28

FUA 8 0.056 0.448

TLLI 1 0

PUAN 0

67.36

201.896
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Blocks Number of Bursts Direction Type Measurement Sync Num NCLEnergy consumption

Page 2DL 0.056NB 0.112

RACH 1UL 1.32AB 1.32

FUA 2 0.056 0.112

Page-Response 1 4UL 2.21NB 8.84

PUAN 4DL 0.56NB 2.24

Measurement command (TOM) 1 4DL 0.56NB 2.24

PDAN 4UL 2.21NB 8.84

Sync to NCL 0.056 19 43 4 13.888

Sync to NCL(CC2) 0.056 19 1032 1 58.856

Sync to Serving-cell(CC2) 0.056 0 43 1 2.408

RACH 1UL 1.32AB 1.32

FUA 2DL 0.56NB 1.12

Measurement Report (TOM) 2 8UL 2.21NB 17.68

PUAN 4DL 0.56NB 2.24

DL-Assignment 4DL 0.56NB 2.24

Cell-Reselection-command (TOM) 1 4DL 0.56NB 2.24

PDAN 4UL 2.21NB 8.84

Cell-Reselection-to-CC1 +AB 134.536

Sync  0

RACH 0

FUA 0

TLLI 0

PUAN 0

Cell-Reselection-to-CC2+AB

Sync  0

RACH 0

FUA 0

TLLI 0

PUAN 0

0

134.536
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Blocks Number of Bursts Direction Type Measurement Sync Num NCLEnergy consumption

Page 2DL 0.056NB 0.112

RACH 1UL 1.32AB 1.32

FUA 2 0.056 0.112

Page-Response 1 1UL 2.21NB 2.21

PUAN 4DL 0.56NB 2.24

Measurement command (TOM) 1 4DL 0.56NB 2.24

PDAN 1UL 2.21NB 2.21

Sync to NCL 0.056 19 43 4 13.888

Sync to NCL(CC2) 0.056 19 1032 1 58.856

Sync to Serving-cell(CC2) 0.056 0 43 1 2.408

RACH 1UL 1.32AB 1.32

FUA 2DL 0.56NB 1.12

Measurement Report (TOM) 2 8UL 2.21NB 17.68

PUAN 4DL 0.56NB 2.24

DL-Assignment 4DL 0.56NB 2.24

Cell-Reselection-command (TOM) 1 4DL 0.56NB 2.24

PDAN 1UL 2.21NB 2.21

Cell-Reselection-to-CC1 +AB 114.646


image1.emf
Num Bursts Reference Procedure

Modified procedure with 

use of PRTI and dedicated 

access burst

Modified procedure with use 

of PRTI and common channel 

access burst without TBF OTD based Multilateration

Page (DL) 2 0.11 2 0.11 0.11 0.11

RACH (UL) 1 2.34 1 2.34 2.34 2.34

FUA (DL) 2 0.11 2 0.11 0.11 0.11

Page response  (UL) 4 9.37 4

PUAN (DL) 4 0.23 4

Measurem. Req.  (DL) 4 0.23 4

Measure on 5 Neighbors+ reconfirm serving cell 21.2 21.2 21.2 21.2

RACH (UL) 1 2.34 1 2.34 2.34 2.34

Fixed UL assign. (DL) 2 0.11 2 0.11 0.11 0.11

Meas. Rep. (UL) 4 9.37 4 9.37 9.37 9.37

PUAN (DL) 4 0.23 4 0.23 0.23 0.23

Packet DL. Assign. 4 0.23 4 0.23 0.23 0.23

Candidate list (DL) 4 0.23 4 0.23 0.23 0.23

PDAN (UL) 4 9.37 1 2.34 2.34 2.34

Sync  Neighbour-cell-1 (NCL-1)(CC1) 2.475 2.475 2.475

RACH -NCL-1 1 2.34 1 2.34

AGCH -NCL-1 2 0.11 2 0.11

Control Message-NCL-1 4 9.37 1 2.34

Ack-NCL-1 4 0.23 4 0.23

Sync  Neighbour-cell-2(NCL-2) (CC2) 29.7 29.7 29.7

RACH(NCL-2) 4 9.36 4 9.36

AGCH(NCL-2) 16 0.88 16 0.88

Control Message(NCL-2) 16 37.48 4 9.36

Ack(NCL-2) 16 0.92 16 0.92

148.335 83.635 83.475 38.61
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Blocks Number of Bursts Direction Type Measurement Sync Num NCLEnergy consumption

Page 2DL 0.056NB 0.112

RACH 1UL 1.32AB 1.32

FUA 2 0.056 0.112

Page-Response 1 4UL 2.21NB 8.84

PUAN 4DL 0.56NB 2.24

Measurement command (TOM) 1 4DL 0.56NB 2.24

PDAN 4UL 2.21NB 8.84

Sync to NCL 0.056 19 43 4 13.888

Sync to NCL(CC2) 0.056 19 1032 1 58.856

Sync to Serving-cell(CC2) 0.056 0 43 1 2.408

RACH 1UL 1.32AB 1.32

FUA 2DL 0.56NB 1.12

Measurement Report (TOM) 2 8UL 2.21NB 17.68

PUAN 4DL 0.56NB 2.24

DL-Assignment 4DL 0.56NB 2.24

Cell-Reselection-command (TOM) 1 4DL 0.56NB 2.24

PDAN 4UL 2.21NB 8.84

Cell-Reselection-to-CC1 +AB 134.536

Sync  0.056 0 43 1 2.408

RACH 1 1.32 1.32

FUA 2 0.056 0.112

TLLI 4 2.21 8.84

PUAN 2 0.056 0.112

Cell-Reselection-to-CC2+AB

Sync  0.056 0 1032 1 57.792

RACH 4 1.32 5.28

FUA 8 0.056 0.448

TLLI 1 16 2.21 35.36

PUAN 16 0.056 0.896

112.568

247.104


