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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]We focus on the development of OTDOA technique for RAT dependent positioning. In this contribution, the RS design concept and the framework for the RS structure are proposed.

2 RS design concept
We consider that for each TP, the RS for positioning purpose is transmitted in a block. The duration and the transmission bandwidth of RS block consist of consecutive OFDM symbols in a slot and consecutive resource blocks, respectively. A burst may contain a number of RS blocks in consecutive slots. For each RS block, it can be treated as a single port transmission from one TX beam.

The block transmission for reference signal for positioning (PSB) is considered in the following reasons,
· Reduce the impact of frequency offset and Doppler shift due to close spacing between RS in different symbols, since the frequency offset and Doppler spread estimation may not be the intention by the RS for positioning
· Allow FDM between the transmission from TPs by implementing the staggered structure for RS for interference avoidance 

Remember that, the Rel-15 TRS resource set has the structure of 4-symbol spacing between 2 TRS symbols in a slot, and 18-symbol spacing from the first TRS symbol in first slot to the second TRS symbol in next slot. The 4-symbol spacing in a slot is to provide better frequency offset estimation accuracy than using SSB, and the large time span up to the 18-symbol spacing is to provide better Doppler spread estimation accuracy.

The estimation of frequency related parameters, such as frequency offset and Doppler spread, needs to consider the RS structure at time domain of post FFT. Instead, the estimation of time related parameters, such as time delay and delay spread, is related to the RS structure at frequency domain of post FFT. Obviously, the RS for positioning doesn’t serve the purpose of frequency related parameter estimation and therefore the block structure for allocating RS on consecutive symbols is preferred.

The interference avoidance for the RS transmission is crucial since there could be some distance between the TP and the UE. Let’s first look at the transmission in Fig. 1, where each TP transmits on a single disjoint symbol. The symbols without RS transmission should also be zero powered. This is a TDM scheme for interference avoidance.

Fig. 2 shows that all the three TPs transmit on the same set of symbols, with different staggered patterns to avoid collision. In each symbol, the RS can be boosted by borrowing the power from the zero powered REs. Then after receiving processing, the UE may see the signal with SNR improvement by 4.77dB (related to the number of RS symbols) as compared to that in Fig. 1. This is a FDM scheme for interference avoidance, and also, the received SNR can be improved due to the potential power boosting on the RS.

Based on the above, we have,
Observation 1: The estimation of frequency related parameters, such as frequency offset and Doppler spread, needs to consider the RS structure at time domain of post FFT. Instead, the estimation of time related parameters, such as time delay and delay spread, is related to the RS structure at frequency domain of post FFT

Observation 2: The RS for positioning doesn’t serve the purpose of frequency related parameter estimation. Thus, the block structure for allocating RS on consecutive symbols is preferred

Observation 3: From the interference avoidance point of view, the FDM scheme between the TPs also allows the RS boosting to improve the received SNR

Observation 4: When RS boosting is applied to the FDM scheme for multiple TP transmission, the received SNR is improved as compared to the TDM scheme. The improvement is related to the number of RS symbols

Proposal 1: The FDM scheme for multiple TP transmission that each TP may be configured with distinct staggered pattern should be supported in NR for positioning
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            Fig. 1, TDM scheme between TPs for interference avoidance
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             Fig. 2, FDM scheme between TPs for interference avoidance


3 Proposed RS structure
We propose the following parameters to specify the RS structure for positioning. The intention is to define a unified framework for performance evaluation in the study item. The study results can be further adopted in the work item phase. Also note that, from the programming perspective, it is easier to configure the parameters with different values for simulation comparison since a structure has been specified.

We consider that, 
· Sf : RS subcarrier spacing (comb structure) per OFDM symbol
· Sf_eq : Equivalent comb structure after receiver processing
· N : RS symbol number (RS block duration) per beam
· N can be further decomposed as N1+N2
· The RS symbols in N2 is the repetition on some RS symbols in N1
· B : RS transmission bandwidth in terms of RB number
· Y : RS block periodicity in terms of slot number
· Δ : RS frequency shift (staggered) pattern between symbols inside the RS block
· In duration N1 that the shift of RS position in a symbol relative to that in previous symbol

Fig. 3, 4, 5 and 6 are the examples to illuminate the above parameters. Fig. 3 is the structure of LTE PRS by removing the 3 symbols for CRS. After Rx processing, 10 out of 12 REs in a RB can be filled with RS. It is treated as an equivalent comb-1 structure from UE perspective. In Fig. 4 and 5, the RS block achieves the equivalent comb-2 and comb-3 structure, respectively. Instead of the equivalent comb-1 structure, the equivalent comb-2 and comb-3 structure can also be considered. The justification has been presented in previous contribution and it is attached in Appendix.

Fig. 6 shows that the single-symbol comb-1 structure for transmission can also be generalized under the proposed framework.

Proposal 2: We propose the following parameters to specify the RS block structure for positioning
· Sf : RS subcarrier spacing (comb structure) per OFDM symbol
· Sf_eq : Equivalent comb structure after receiver processing
· N : RS symbol number (RS block duration) per beam
· N can be further decomposed as N1+N2
· The RS symbols in N2 is the repetition on some RS symbols in N1
· B : RS transmission bandwidth in terms of RB number
· Y : RS block periodicity in terms of slot number
· Δ : RS frequency shift (staggered) pattern between symbols inside the RS block
· In duration N1 that the shift of RS position in a symbol relative to that in previous symbol
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Fig. 3, Example of comb-6 structure per symbol, and equivalent comb-1 structure after Rx processing
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Fig. 4, Example of comb-4 structure per symbol, and equivalent comb-2 structure after Rx processing
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Fig. 5, Example of comb-6 structure per symbol, and equivalent comb-3 structure after Rx processing
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Fig. 6, Example of comb-1 structure for single symbol

4 Conclusion
Based on the above, we have,

Observation 1: The estimation of frequency related parameters, such as frequency offset and Doppler spread, needs to consider the RS structure at time domain of post FFT. Instead, the estimation of time related parameters, such as time delay and delay spread, is related to the RS structure at frequency domain of post FFT

Observation 2: The RS for positioning doesn’t serve the purpose of frequency related parameter estimation and therefore the block structure for allocating RS on consecutive symbols is preferred

Observation 3: From the interference avoidance point of view, the FDM scheme between the TPs also allows the RS boosting to improve the received SNR

Observation 4: When RS boosting is applied to the FDM scheme for multiple TP transmission, the received SNR is improved as compared to the TDM scheme. The improvement is related to the number of RS symbols

Proposal 1: The FDM scheme for multiple TP transmission that each TP may be configured with distinct staggered pattern should be supported in NR for positioning

Proposal 2: We propose the following parameters to specify the RS block structure for positioning
· Sf : RS subcarrier spacing (comb structure) per OFDM symbol
· Sf_eq : Equivalent comb structure after receiver processing
· N : RS symbol number (RS block duration) per beam
· N can be further decomposed as N1+N2
· The RS symbols in N2 is the repetition on some RS symbols in N1
· B : RS transmission bandwidth in terms of RB number
· Y : RS block periodicity in terms of slot number
· Δ : RS frequency shift (staggered) pattern between symbols inside the RS block
· In duration N1 that the shift of RS position in a symbol relative to that in previous symbol
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5 Appendix
The below is to capture the idea of the feasibility of equivalent comb-2 and comb-3 structure for RS design from our previous contribution R1-1812373.
	The spacing of reference signal in frequency domain in post-FFT denotes the observable range. The corresponding observable range for different comb structure is listed below,
· Comb-12 for SCS=15KHz: the observable range is -1/15K/2/12 : 1/15K/2/12 = [-2.778us, 2.778us]
· Comb-8 for SCS=15KHz: the observable range is -1/15K/2/8 : 1/15K/2/8 = [-4.17us, 4.17us]
· Comb-6 for SCS=15KHz: the observable range is -1/15K/2/6 : 1/15K/2/6 = [-5.556us, 5.556us]
· Comb-4 for SCS=15KHz: the observable range is -1/15K/2/4 : 1/15K/2/4 = [-8.33us, 8.33us]
· Comb-3 for SCS=15KHz: the observable range is -1/15K/2/3 : 1/15K/2/3 = [-11.11us, 11.11us]
· Comb-2 for SCS=15KHz: the observable range is -1/15K/2/2 : 1/15K/2/2 = [-16.67us, 16.67us]
· Comb-1 (RS on all REs in a RB) for SCS=15KHz: the observable range is -1/15K/2/1 : 1/15K/2/1 = [-33.33us, 33.33us]

If the transmit time difference of reference signal between two cells can be well controlled as smaller as possible. For example if both cells transmit the reference signal at the same slot index n and symbol index x, at exactly the same absolute time instant, the transmit time difference between two cells can be assumed 0. As such it is all about the propagation time difference between two cells to determine RSTD. Let r1 denote the distance between the UE and cell 1, and let r2 denote the distance between the UE and cell 2. As |r1 – r2| = 1km, the RSTD is 3.33us. As |r1 – r2| = 2km, the RSTD is 6.67us. And when |r1 – r2| = 10km, the RSTD is 33.33us, which is the limit of observable range of the RS with comb-1 structure operated at SCS = 15KHz. It also means if the distance difference is smaller, the sparser comb structure, for example, comb-2, comb-3 and comb-4 structures are sufficient.
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