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1. Background

Assumptions for network-based positioning simulation studies have been agreed in RAN#61 [1], where explicit interference modelling has been agreed as the base line. In this contribution, we present the interference distribution obtained by dynamic simulations with VoIP traffic, assumuing dynamic scheduling, and compare the obtained distributions to those that have been assumed and shown by companies in earlier contributions.
2. Results from dynamic simulations with VoIP traffic

Figures 1-5 illustrate the UL resource utilization and interference statistics for VoIP simulations for Case 1 and Case 3 with 5 MHz. The following statistics is shown as a function of the number of UEs per cell: average UL subband allocation (Figure 1), average UL power allocation (Figure 2), UL subband utilization (Figure 3), and average IoT (Figure 4). Note that the number of UEs per cell in all the figures is given for 5 MHz and it accounts for the voice activity factor. Furthermore, in Figure 5, we show IoT PDFs for the number of UEs at the capacity levels.
The system capacity is defined as the maximum number of UEs per cell when more than 95 % of the users are satisfied, and a VoIP user is considered to be in outage (not satisfied) if 98 % radio interface tail latency of the user is greater than 80 ms. The VoIP capacity in Case 1 is 207 users per cell, being limited by PDCCH channel performance, both for UL grants and DL assignments. In Case 3, VoIP capacity is 74 users per cell, being limited by PDCCH UL grants. In the Case 3 environments, the shared channel resources are never limiting and the PDCCH utilization is also well below 100 %, whilst the main limiting resource is the uplink power. This can be observed from Figure 2 where the UE power increases with the load and the cell edge UEs use almost all their power already at low load, whilst in Case 1 the UE power is well below the maximum.
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Figure 1. UL subband allocation as a function of the number of UEs per cell.
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Figure 2. Average UL transmit power as a function of the number of UEs per cell.
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Figure 3. UL subband utilization as a function of the number of UEs per cell.
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Figure 4. Average IoT as a function of the number of UEs per cell.
[image: image9.emf]1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

5 MHz

IoT, [dB]

PDF

 

 

Case 1, 207 UEs per cell

Case 3, 74 UEs per cell


Figure 5. IoT PDF for Case 1 and Case 3 for the number of UEs corresponding to VoIP capacity.

3. On modelling assumptions in positioning simulations
3.1 Interference modeling

Explicit interference modelling has been agreed as the baseline [1], where the interference is generated for a fixed number of UEs (50-70 active VoIP UEs per MHz, based on VoIP simulations) and a given hexagonal network layout (57 cell, with wrap around), assuming full power compensation for UL power control and 21 or 23 dBm maximum UE power (23 dBm as the baseline). Since the number of VoIP UEs is given per MHz and the interference is per subband, dynamic simulations are expected to give approximately the same IoT, at least the difference is expected to be small for 5 MHz and 10 MHz.
From Figures 4 and 5, one can observe the average IoT levels from the simulations of about 12.5 dB and 4.3 dB for Case 1 and Case 3, respectively. This is inline with the discussion in [2] according to which in an interference limited deployment, which can be common for deployed urban areas, IoT levels of 11 dB or higher corresponding to SINRs of less than 0 dB can be common. The IoT levels for Case 1 shown in Figure 5 are significantly higher than those assumed in [3] and [4].

It is also worth noting that the average IoT level in ITU-R VoIP evaluations for macro urban (Uma-FDD) environment with ISD=500 m is above 10 dB and for rural (Rma-FDD) environment with ISD=1732 m is above 9 dB [5] . The latter is far above the IoT levels considered for the Case 3 scenario agreed for network-based positioning simulations and also those presented in this contribution, which is explained by the rural propagation model with more LOS links considered in the ITU-R evaluations and thus higher interference.
Proposal 1: If not simulated dynamically, consider realistic interference distribution, e.g. as in Figure 5.
3.2 Power control and offsetting for SRS
Power control with full pathloss compensation has been agreed for only-VoIP traffic. It has also been agreed that SRS power is tied with PUSCH. However, it has been observed e.g. in [4] that boosting on SRS is necessary to meet the FCC requirements, in particular for the smallest bandwidth and/or large cells. From Figure 2, it can be seen though that the transmit power is already too high for many UEs in Case 3. Secondly, this may also introduce additional interference, e.g. in asynchronous networks, or increase inter-symbol interference in large cells.
Furthremore, in TS 36.101 there are in-band emission requirements, which require that UE suppresses leakage from its used RBs to unused part of the bandwidth. This is because unused part of the bandwidth could be used by another UE. The current in-band emission requirements may not account for suppression of interference due to the SRS boosting and thus shall not be assumed without a confirmation from RAN4 on its feasibility.

Proposal 2: If it is agreed that boosting on SRS is needed, RAN4 feedback on feasibility shall be requested.
Furthremore, transmitting SRS over a large bandwidth in combination with narrow-band traffic may imply higher power control error, which so far has not been taken into account but which may have a negative impact on the positioning measurement quality.
Proposal 3: Consider power control error for SRS configurations with large transmission bandwidth.

3.3 Resource block allocation

For semi-persistent scheduling (SPS), it has been further assumed that 1 RB is scheduled per UE every 20 msec. For dynamic scheduling, it has been agreed that the resource block (RB) allocation is not known to LMUs, although a fixed number of scheduled RBs for all UEs is still used even with dynamic scheduling. In general, even though VoIP packets are small, some UEs will still be allocated more than 1 RB and/or scheduled more often due to a low SINR which may be a result of high interference or a weak own signal. As can be seen from Figure 1, the average size of a transport block per UE is 3.5 for Case 1 and 1.57 for Case 3.

Proposal 4: If used for interference modelling, a higher number of allocated RBs shall be assumed.
3.4 SRS modeling

It has been agreed in [1], to use periodic SRS with 5 ms. However, aperiodic SRS have also been recently agreed to become a part of Rel.10, which may introduce further uncertainty in positioning measurements in configurations when periodic SRS may be not transmitted e.g. due to aperiodic SRS. To obtain reliable measurements, LMUs shall either assume that SRS are always transmitted and accept performance degradation or LMUs may need additional information exchange with the network to know whether aperiodic SRS are used or to ensure that the measurements are not taken when periodic SRS are not transmitted, e.g. by acquiring the transmission pattern of aperiodic SRS. This information is currently not available to LMUs in general, so the possibility for the availability of such information may need to be discussed and whether there is any specification impact.
Proposal 5: When using SRS for positioning measurements, consider a possible impact of configuring aperiodic SRS transmissions on the final positioning accuracy without the additional information made available to LMUs.

3.5 Service coverage and the FCC requirement
It has been agreed that UTOA/UTDOA is calculated only in points on the grid where UE has voice coverage (UE power is 23dBm or less), including penetration loss case. For example, 90%-ile positioning accuracy with 90% VoIP coverage will correspond to 81%, and the FCC requirements actually relate to the overall performance, whilst either of the two numbers given separately does not give a full picture of positioning performance.
Proposal 6: For calibration/aligning the simulation results, the companies are encouraged to also report VoIP outage or VoIP capacity for the simulated scenarios together with positioning results.
4. Summary
Proposal 1: If not simulated dynamically, consider realistic interference distribution, e.g. as in Figure 5.
Proposal 2: If it is agreed that boosting on SRS is needed, RAN4 feedback on feasibility shall be requested.

Proposal 3: Consider power control error for SRS configurations with large transmission bandwidth.

Proposal 4: If used for interference modelling, a higher number of allocated RBs shall be assumed.
Proposal 5: When using SRS for positioning measurements, consider a possible impact of configuring aperiodic SRS transmissions on the final positioning accuracy without the additional information made available to LMUs.

Proposal 6: For calibration/aligning the simulation results, the companies are encouraged to also report VoIP outage or VoIP capacity for the simulated scenarios together with positioning results.
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