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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12]The initial simulation results for downlink OTDOA technique are provided in this contribution. The different RS patterns are compared under different evaluation scenarios.

It is also expected that the study results can further provide the guidance on RS design for positioning in work item phase.
2 Initial results
The general system level simulation applies the physical layer abstraction by modelling the performance for each gNB-to-UE link. When the explicit link level simulation is required in the study item, we consider the following evaluation framework in Fig. 1 for the realization.

In Fig. 1, the link level simulator maybe configured with 57 cells (from 19 sites) for transmission to each UE. The topology regarding the gNB, each UE location, antenna orientation and configuration, and the channel scenarios are dealt with by another simulation platform. The corresponding channel parameters are then fed into the link level simulator. The muting pattern and RS pattern are configured in the link level simulator for transmission from each cell.

The UMa and street canyon scenarios are simulated in this study. The RS transmission BW is fixed to 20MHz under SCS=15KHz for all cases. The carrier frequency is set as 2GHz and 4GHz respectively for UMa and street canyon scenarios.

Fig. 2 shows the error performance in UMa scenario when the cells are transmitted in TDM manner to avoid interfering each other. Each cell transmits the signal in disjoint slot. Each cell also needs to be zero powered when there is no transmission, in order not to interfere other cells. As such the RS overhead by including the zero powered transmission is quite large. 

The error sources in Fig. 2 come from the network sync error and the undetectable first cluster due to weak power. The corresponding discussion can be seen in our companion paper [1]. This result can be treated as the baseline reference, since in reality the RS overhead should be well controlled from network implementation.

Fig. 3 and 4 results are to consider that all the cells are transmitted in the same slot, with comb-4 and comb-6 RS structure for transmission, respectively. The corresponding RS patterns under comb-4 and comb-6 structure are shown in Fig. 11 and Fig. 12. We see that when the network deploys 6-comb for transmission (re-use factor 6, Fig. 13), the colliding opportunity is less than that by using 4-comb for transmission in Fig. 14. Therefore the accuracy performance is better in Fig. 4 than in Fig. 3.

In Fig. 4, the accuracy performance can reach the target of less than 50m horizontal error for 80% UEs. Note that the indoor and outdoor UEs are simulated together. We also see in Fig. 4 that the performance difference between the equivalent comb-2 pattern (Fig.11-b) and the equivalent comb-1 pattern (Fig.11-a) is quite small. Note that the equivalent comb-2 pattern only uses half of symbol number for the equivalent comb-1 pattern.

In Fig. 3, we also see that the RS block with more number of symbols may allow the UE to perform improved time-domain interpolation performance to further suppress the interference. However, the gap to meet requirement is still large. So, if the comb-4 structure is considered in NR, the proper TDM for transmission between different cells should be well planned as compared to the comb-6 structure. It is also expected that the larger RS overhead is needed for the comb-4 structure than for the comb-6 structure to achieve same performance.

The street canyon scenario is simulated from Fig. 5 to Fig. 10. This scenario is treated as a commercial use case that the corresponding accuracy requirement is less than 10m horizontal error for 80% UEs. In Fig. 5, to check the feasibility, the network sync error is not added and all the cells are transmitted in disjoint slot for interference avoidance. The RS structure in Fig. 11-a (comb-6 per sym, equivalent comb-1) is tested. As a result, the accuracy requirement can be met.

As compared to Fig. 5, we further reduce the RS overhead by transmitting the RS in the same slot for all cells in Fig. 6 and Fig. 7. We see that for the comb-6 transmission structure in Fig. 7, the equivalent comb-1, comb-2 and comb-3 patterns (Fig.11-a, 11-b, 11-c) can still basically meet the requirement. Since the simulation is conducted under BW=20MHz and SCS=15KHz, it is expected to further improve the accuracy with larger transmission BW.

In Fig. 8, the network sync error is added and all the cells are transmitted in disjoint slot for interference avoidance. It is observed that the requirement of 10m horizontal error for 80% UEs can’t be met.

In Fig. 9 and 10, the RS overhead is further reduced by transmitting the RS in the same slot for all cells. The increasing interference certainly degrades the performance as compared to Fig. 8.

Based on the above, we have,
Observation 1: When the network deploys 6-comb for transmission (re-use factor 6), the colliding opportunity is less than that by using 4-comb for transmission

Observation 2: For UMa simulation, For the comb-6 structure, the performance difference between the equivalent comb-2 and the equivalent comb-1 pattern is quite small. Note that the equivalent comb-2 pattern only uses half of symbol number for the equivalent comb-1 pattern

Observation 3: For the comb-4 structure, the proper TDM for transmission between different cells needs to be well planned as compared to the comb-6 structure. Then it is also expected that the larger RS overhead is needed for the comb-4 structure than for the comb-6 structure to achieve same performance

Observation 4: For street canyon scenario, when the network sync error is added, the requirement of 10m horizontal error for 80% UEs can’t be met
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Fig. 1, our evaluation framework
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Fig. 2, UMa, BW=20MHz, SCS=15KHz, carrier=2GHz
comb-6 per symbol, equivalent comb-1 (Fig.11-a)
sync error added
All cells are transmitted in disjoint slot
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 Fig. 3, UMa, BW=20MHz, SCS=15KHz, carrier=2GHz              Fig. 4, UMa, BW=20MHz, SCS=15KHz, carrier=2GHz
      comb-4 per symbol, sync error added                         comb-6 per symbol, sync error added
      all cells are transmitted in same slot                           all cells are transmitted in same slot
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Fig. 5, Street canyon, BW=20MHz, SCS=15KHz, carrier=4GHz
         comb-6 per symbol, equivalent comb-1 (Fig.11-a)
         sync error added
        All cells are transmitted in disjoint slot


[image: ] [image: ] 
 Fig. 6, Street canyon, BW=20MHz, SCS=15KHz, carrier=4GHz       Fig. 7, Street canyon, BW=20MHz, SCS=15KHz, carrier=4GHz
      comb-4 per symbol (Fig.12-a,b,c,d),  no sync error               comb-6 per symbol (Fig.11-a,b,c),  no sync error
      all cells are transmitted in same slot                           all cells are transmitted in same slot
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Fig. 8, Street canyon, BW=20MHz, SCS=15KHz, carrier=4GHz
     Comb-6 per symbol, equivalent comb-1 (Fig.11-a)
     sync error added
        All cells are transmitted in disjoint slot
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Fig. 9, Street canyon, BW=20MHz, SCS=15KHz, carrier=4GHz       Fig. 10, Street canyon, BW=20MHz, SCS=15KHz, carrier=4GHz
      comb-4 per symbol,  sync error added                        comb-6 per symbol,  sync error added
      all cells are transmitted in same slot                           all cells are transmitted in same slot
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    Fig. 11-a, comb-6 per symbol,              Fig. 11-b, comb-6 per symbol,             Fig. 11-c, comb-6 per symbol
           equivalent comb-1                       equivalent comb-2                      equivalent comb-3
[image: ]       [image: ]            [image: ]               [image: ]
 Fig. 12-a, comb-4 per symbol      Fig. 12-b, comb-4 per symbol      Fig. 12-c, comb-4 per symbol       Fig. 12-d, comb-4 per symbol
       equivalent comb-2               equivalent comb-2              equivalent comb-2                equivalent comb-2  
         8 symbols                     5 symbols                      4 symbols                      2 symbols 
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         Fig. 13, the 6-comb arrangement for transmission              Fig. 14, the 4-comb arrangement for transmission


3 Conclusion
Based on the above, we have,

Observation 1: When the network deploys 6-comb for transmission (re-use factor 6), the colliding opportunity is less than that by using 4-comb for transmission

Observation 2: For the comb-6 structure, the performance difference between the equivalent comb-2 and the equivalent comb-1 pattern is quite small. Note that the equivalent comb-2 pattern only uses half of symbol number for the equivalent comb-1 pattern

Observation 3: For the comb-4 structure, the proper TDM for transmission between different cells needs to be well planned as compared to the comb-6 structure. Then it is also expected that the larger RS overhead is needed for the comb-4 structure than for the comb-6 structure to achieve same performance

Observation 4: For street canyon scenario, when the network sync error is added, the requirement of 10m horizontal error for 80% UEs can’t be met
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        comb-6 per symbol structure,                 comb-6 per symbol structure                 comb-4 per symbol structure
        equivalent comb-1 after RX processing          equivalent comb-2 after RX processing       equivalent comb-2 after RX processing  
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