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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 DL PRS design has reached the following agreement in previous meeting,
	Agreement:
· A DL PRS Resource Set is defined as a set of DL PRS Resources, where each DL PRS Resource has a DL PRS Resource ID
· The DL PRS Resources in a DL PRS Resource set are associated with the same TRP
· A DL PRS Resource ID in a DL PRS Resource set is associated with a single beam transmitted from a single TRP (A TRP may transmit one or more beams)
· Note: This does not have any implications on whether the TRPs and beams from which signals are transmitted are known to the UE. 
Agreement:
· DL PRS sequence is generated using a Gold sequence generator as defined in TS 38.211 Section 5.2.1
· FFS: cinit value for DL PRS
· QPSK modulation is used for the DL PRS signal transmitted using CP-OFDM
· FFS: Whether a DL PRS sequence generated using a different mechanism is also specified
Agreement:
Comb-N resource element pattern per DL PRS Resource is supported to map DL PRS sequence to resource elements in frequency domain
· Comb-N pattern can shift in frequency domain across symbols within DL PRS Resource
· FFS values for N. The potential values for down-selection are provided in the set {1,2,3,4,6,8,12}
· FFS relationship between N and number of symbols per DL PRS Resource 
· FFS support of staggered and non-staggered patterns and exact definition of staggered pattern

Agreement:
DL PRS configuration including DL PRS transmission schedule is to be indicated to the UE for DL PRS positioning measurements
· The UE is not expected to perform any blind detection of DL PRS configurations
Agreement:
Number of DL PRS Sequence IDs is at least 4096
Agreement:
Support of numerologies (CP length and sub-carrier spacing) for the DL PRS is the same as for data transmissions in Rel-15. 
Agreement:
DL PRS muting is supported. The UE is expected to be indicated when the DL PRS is muted.




The DL PRS design can be organized in the following structure,
· RS block structure
· RE mapping
· Frequency domain density and structure
· Time domain duration
· Transmission occasions
· Comb offset pattern
· Mapping to the symbols in a slot
· Map to consecutive symbols in a slot
· Map to nonconsecutive symbols in a slot
· Through TRS extension
· Antenna port configuration
· RS scrambling sequence and seed generation
· Transmission configuration 
· Time domain behavior of transmission
· Transmission of beam, block, burst and antenna port

In this contribution, we provide our view and design based on the above structure.
2 RE mapping
2a Frequency domain density, time domain duration, and transmission occasions within a slot
The agreement related to this category is listed below,
	Agreement:
Comb-N resource element pattern per DL PRS Resource is supported to map DL PRS sequence to resource elements in frequency domain
· Comb-N pattern can shift in frequency domain across symbols within DL PRS Resource
· FFS values for N. The potential values for down-selection are provided in the set {1,2,3,4,6,8,12}
· FFS relationship between N and number of symbols per DL PRS Resource 
· FFS support of staggered and non-staggered patterns and exact definition of staggered pattern



In previous meeting, we have pointed out that, the frequency domain density of PRS can’t be solely determined. The frequency domain density and time domain duration of PRS should be defined altogether. One example is, a comb-8 signal transmitted in only one symbol for positioning purpose may not be realistic.

We consider the following notations for expressing our views in this contribution. A RS block is to define a time-frequency grid for the RE mapping of a PRS resource. A RS block consists of Bf consecutive RBs, and N symbols, where Bf also denotes the transmission bandwidth and N denotes the duration of a PRS resource. Note that the notations here may not be the same as that in the previous agreement.

Assume that the subcarrier spacing between two adjacent RS in a symbol is Sf number of subcarriers. Then the RS structure in a symbol (frequency domain of post-FFT) can be treated as a comb-Sf signal within the transmission bandwidth.

To further consider the TDM transmission within a slot for multiple TP transmission (see appendix for illustration), the PRS duration needs to be restricted. Then there are three factors to be defined altogether,
· Frequency domain RS spacing Sf
· Time domain duration N
· Number of transmission occasions (Number of RS blocks) within a slot Bt (In LTE, the number is 1)

We further assume that,
· The PRS are transmitted in each symbol of a number of symbols within the transmission bandwidth
· The transmission bandwidth can be less than or equal to the carrier bandwidth
· The transmitted symbols in a block consist of two parts, and in each part the allocation of RS serves for a certain property. Let N = N1+ N2. Same antenna port is applied to the RS transmission in the N symbols

The following is our analysis to determine the value of N1 and N2.

The RS allocation in the N1 symbols determines the observation range without ambiguity for unknown timing delay measurement. N1 is a value of greater than or equal to 1. The design of RS allocation can consider the following,
· The occupation of the subcarriers of the RS in any symbol in the N1 symbols doesn’t overlap with that in other symbols of the N1 symbols. The RS are allocated in each RB and are uniformly spanned within the transmission bandwidth in each symbol of the N1 symbols

The RS allocation in the N2 symbols determines the UE processing gain regarding the received SINR improvement. N2 is a value of greater than or equal to 0, and N2 can also be larger than N1. The design of RS allocation can consider the following,
· The occupation of the subcarriers of the RS in the N2 symbols is the subset of the occupation of the subcarriers of the RS in the N1 symbols. The RS is uniformly spanned within the transmission bandwidth in each symbol in the N2 symbols

The determination of N1 is related to Sf. To observe the whole symbol time without ambiguity, we don’t see the need that N1 has to be equal to Sf. Instead, we see the following connection,
· Sf/2 <= N1 <= Sf , where Sf = 2, 4, 6, 8, 12
·  <= N1 <= Sf , where Sf = 1, 3

Fig. 2a-1 and 2a-2 show the examples. Note that, even though there are multiple peaks, the main peak is always larger than the other false peaks. Also the false peak position can be known a priori. 

We propose the following table for NR PRS configuration,
	Row
	Bt
 (number of transmission occasions within a slot)
	Sf 
(frequency domain RS spacing)
	N1
(symbol number to determine observation range)
	N2
(symbol number determine processing gain)
	N= N1+ N2
(time domain duration)

	1
	1
	8
	8
	6
	14

	2
	1
	6
	6
	6
	12

	3
	2
	4
	3
	3
	6

	4
	3
	4
	3
	1
	4

	5
	4
	2
	2
	1
	3

	6
	6
	2
	2
	0
	2

	LTE
	1
	6
	5
	3
	8
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          Fig. 2a-1
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        Fig. 2a-2                                                     Fig. 2a-3


Observation 2a-1: The PRS frequency domain density, time domain duration and number of transmission occasions within a slot should be defined altogether

Observation 2a-2: To observe the whole symbol time without ambiguity, N1 is not necessary to be equal to Sf  (N1 stands for the symbol number to determine the observation range without ambiguity, and Sf stands for the allowed comb number in frequency domain)

Proposal 2a-1: Consider the following four design parameters to define the PRS structure
· Sf : frequency domain RS spacing
· N1 : symbol number to determine the observation range without ambiguity for unknown timing delay measurement
· N2 : symbol number to determine the UE processing gain regarding the received SINR improvement
· Bt : number of transmission occasions within a slot

Proposal 2a-2: We propose the following table for NR PRS configuration
	Row
	Bt
 (number of transmission occasions within a slot)
	Sf 
(frequency domain RS spacing)
	N1
(symbol number to determine observation range)
	N2
(symbol number determine processing gain)
	N= N1+ N2
(time domain duration)

	1
	1
	8
	8
	6
	14

	2
	1
	6
	6
	6
	12

	3
	2
	4
	3
	3
	6

	4
	3
	4
	3
	1
	4

	5
	4
	2
	2
	1
	3

	6
	6
	2
	2
	0
	2




2b Concern on comb-1 and comb-12
In LTE, RAN4 replied LS (R4-102236) regarding CSI-RS boosting impact on BS transmission distortion. RAN4 gave the following response:
	While the exact impact due to CSI RS boosting is BS implementation dependent, RAN WG4 observed the following:
· for N = 4 the related the impacts on BS RF performance are negligible.
· for N = 8 (9 dB CSI RS boosting) some impact due to PA non-linearity is expected which would require either a more linear transmitter or RF output power reduction.

RAN WG4 concluded that unless sufficient gain can be justified to offset the disadvantages brought by CSI RS boosting by 9 dB (N = 8) outlined above, there is a preference to avoid CSI RS boosting by 9 dB (N = 8). 




The comb-12 PRS means that the RS can be boosted for 10.79dB (10*log10(12) ). If such boosting level can’t be attained, the comb-12 signal may have worse received SINR. The reason is, the comb-12 signal requires 12 symbols to occupy all the subcarriers within the transmission bandwidth, and as such it doesn’t allow the UE to perform time domain interpolation across symbols. So the gain of SINR enhancement only comes from the power boosting.

The comb-1 RS occupies all the subcarriers within the transmission bandwidth in one symbol. The use case in FR2 for comb-1 RS transmission deserves more discussion. Fig. 2b-1 shows the layout of indoor office scenario. UE may receive the signal from 120 meters away. The propagation time delay for 120 meters is around 0.4us. The OFDM symbol time period for SCS=120KHz is 8.3us. This means, for the indoor office scenario, there is no need to observe the whole OFDM symbol time for the time delay measurement.

The potential use case of the comb-1 RS is to combine two RS resources with different densities in a RS block. The first RS resource with the comb-1 structure is transmitted at a subband within the transmission bandwidth, followed by the second RS resource with sparser density which spans uniformly within the transmission bandwidth. The subband comb-1 RS can be used for the coarse timing search, and the wideband RS with sparser density can be further utilized for the timing refinement. Fig. 2b-2 gives a simple example. The comb-1 signal transmitted from different TPs may occupy the non-overlapping subband.


[image: ]
Fig. 2b-1, layout of indoor office scenario (TR 38.901)
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[bookmark: _GoBack]Fig. 2b-2, proposed structure for comb-1 transmission


Observation 2b-1: For comb-12 signal, the gain of SINR enhancement only comes from the power boosting during transmission. The UE may not perform time domain interpolation across symbols

Observation 2b-2: For the indoor office scenario, UE may receive the signal from 120 meters away. The propagation time delay for 120 meters is around 0.4us. The OFDM symbol time period for SCS=120KHz is 8.3us. As such, there is no need to observe the whole OFDM symbol time for the time delay measurement

Proposal 2b-1: Send LS to RAN4 to check the feasible power boosting level for PRS transmission

Proposal 2b-2: Consider the structure of the combination of two RS resources with different densities for positioning purpose. The first RS resource with the comb-1 structure is transmitted at a subband within the transmission bandwidth, followed by the second RS resource with sparser density which spans uniformly within the transmission bandwidth

2c Comb offset pattern
Comb-Sf denotes that there are Sf number of combs within the transmission bandwidth. Let’s number the comb index from 0 to Sf -1. There are Bf number of consecutive RBs within the transmission bandwidth. Let’s number the subcarrier index from 0 to 12*Bf -1. 

The RS allocated in comb index n occupy the subcarriers with the subcarrier index Sf*m + n, where m = 0, 1, 2,…12/Sf*Bf – 1. The comb offset pattern is equivalent to allocate the RS to the subcarriers belonging to a comb index in each symbol.

Let l denote the symbol index within N1 symbols, where 0 <= l < N1. Let’s also assume that vshift is the higher layer parameter with value >= 0. In LTE, the comb index for RS allocation is a linear decreasing function in terms of symbols, which can be represented as 
· ( -l+vshift) mod Sf

We propose the following comb offset pattern in the N symbols (N= N1 + N2) for Sf= 2, 4 , 6 and 8
· ( l *Sf/2 +  + vshift) mod Sf , 0<= l < N1
· The comb offset pattern in the N2 symbols is sequentially equal to the comb offset pattern in the N1 symbols starting from l=0

The advantage of the above comb offset pattern is the progressive increase on the observation range. The occupied subcarriers in the first two symbols are equally spaced with the spacing reduced to Sf/2. From UE perspective, few symbols can be utilized to identify the range of timing more efficiently. Fig. 2c-3 shows that the considered comb offset pattern results in the smaller false peak than that in Fig. 2c-2.
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Fig. 2c-1, proposed comb offset pattern (vshift = 0)
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Fig. 2c-2
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Fig. 2c-3


Observation 2c-1: The comb offset pattern is equivalent to allocate the RS to the subcarriers belonging to a comb index in each symbol

Proposal 2c-1: Consider the comb offset pattern other than the linear increasing or linear decreasing function

3 Sequences
The agreement related to this category is listed below,
	Agreement:
Number of DL PRS Sequence IDs is at least 4096

Agreement:
· DL PRS sequence is generated using a Gold sequence generator as defined in TS 38.211 Section 5.2.1
· FFS: cinit value for DL PRS
· QPSK modulation is used for the DL PRS signal transmitted using CP-OFDM
· FFS: Whether a DL PRS sequence generated using a different mechanism is also specified



The pseudo-random sequences are defined by a length-31 Gold sequence. The initial seed is represented by 31 bits. Hence the total number of the initial seeds is 231.

The NR CSI-RS considers 1024 resource IDs and different sequence for each symbol in a frame. So this needs 1024x14x160 ( slightly greater than 221) different seeds for SCS=240KHz.

The LTE PRS supports 4096 resource IDs. If NR also considers the same ID number and applies to all the symbols in a frame by different seeds, the required seed number is around 223 seeds, which is still below 231.

We propose the easy extension by modifying the seed generation equation for CSI-RS to support 4096 ID number for positioning purpose. Then we have
[image: ]

Another consideration that the PRS seed generation is backward compatible to CSI-RS. The CSI-RS seed generation is shown below,
	[image: ]



For notational convenience, let
[image: ]
[image: ]
The CSI-RS seed generation can then be re-written as, 
[image: ]
To extend the CSI-RS seed generation to support more ID number, let’s redefine y as shown below, and x is unchanged. An offset should be added in order to avoid overlapping on the seed value for ID index >= 1024. Now we have,
[image: ]
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The offset can be given by
[image: ]
Through the simulation, a= 229 is feasible.

Proposal 3-1: Consider the easy extension by modifying the seed generation equation for CSI-RS to support 4096 ID number for positioning purpose. Then we have
[image: ]


Proposal 3-2: Consider that the PRS seed generation is backward compatible to CSI-RS. Then the PRS seed generation can be as a function of 
· nid % 1024, and
· 

4 Conclusion
Based on the above, we have,

Observation 2a-1: The PRS frequency domain density, time domain duration and number of transmission occasions within a slot should be defined altogether

Observation 2a-2: To observe the whole symbol time without ambiguity, N1 is not necessary to be equal to Sf  (N1 stands for the symbol number to determine the observation range without ambiguity, and Sf stands for the allowed comb number in frequency domain)

Observation 2b-1: For comb-12 signal, the gain of SINR enhancement only comes from the power boosting during transmission. The UE may not perform time domain interpolation across symbols

Observation 2b-2: For the indoor office scenario, UE may receive the signal from 120 meters away. The propagation time delay for 120 meters is around 0.4us. The OFDM symbol time period for SCS=120KHz is 8.3us. As such, there is no need to observe the whole OFDM symbol time for the time delay measurement

Observation 2c-1: The comb offset pattern is equivalent to allocate the RS to the subcarriers belonging to a comb index in each symbol



Proposal 2a-1: Consider the following four design parameters to define the PRS structure
· Sf : frequency domain RS spacing
· N1 : symbol number to determine the observation range without ambiguity for unknown timing delay measurement
· N2 : symbol number to determine the UE processing gain regarding the received SINR improvement
· Bt : number of transmission occasions within a slot

Proposal 2a-2: We propose the following table for NR PRS configuration
	Row
	Bt
 (number of transmission occasions within a slot)
	Sf 
(frequency domain RS spacing)
	N1
(symbol number to determine observation range)
	N2
(symbol number determine processing gain)
	N= N1+ N2
(time domain duration)

	1
	1
	8
	8
	6
	14

	2
	1
	6
	6
	6
	12

	3
	2
	4
	3
	3
	6

	4
	3
	4
	3
	1
	4

	5
	4
	2
	2
	1
	3

	6
	6
	2
	2
	0
	2




Proposal 2b-1: Send LS to RAN4 to check the feasible power boosting level for PRS transmission

Proposal 2b-2: Consider the structure of the combination of two RS resources with different densities for positioning purpose. The first RS resource with the comb-1 structure is transmitted at a subband within the transmission bandwidth, followed by the second RS resource with sparser density which spans uniformly within the transmission bandwidth

Proposal 2c-1: Consider the comb offset pattern other than the linear increasing or linear decreasing function

Proposal 3-1: Consider the easy extension by modifying the seed generation equation for CSI-RS to support 4096 ID number for positioning purpose. Then we have
[image: ]


Proposal 3-2: Consider that the PRS seed generation is backward compatible to CSI-RS. Then the PRS seed generation can be as a function of 
· nid % 1024, and
· 



5 Reference

6 Appendix
The below is the interference analysis session as shown in previous contribution R1-194500.
	Let’s consider 19 sites, each with 3 sectors (cells). Then totally there are 57 cells for transmission. Assume that the 57 cells are transmitted together in the same slot. So under the same RS overhead including both symbols for RS transmission and muted symbols, we get the following statistics,
· Consider 1 RS block in a slot, 12 symbols for this block and comb-6 RS structure. This is approximately the same as the LTE PRS structure. For each comb index, there would be, on the average, 57/6 = 9.5 cells for simultaneous transmission
· Consider 2 RS blocks in a slot, 6 symbols for each RS block, and comb-6 RS structure. For each RS block, 28.5 (57/2) cells on the average are transmitted and other cells are muted. For each comb index in a RS block, there would be, on the average, 28.5/6 = 4.75 cells for simultaneous transmission
· Consider 3 RS blocks in a slot, 4 symbols for each RS block, and comb-4 RS structure. For each RS block, 19 (57/3) cells are transmitted and other cells are muted. For each comb index in a RS block, there would be, on the average, 19/4 = 4.75 cells for simultaneous transmission
· Consider 4 RS blocks in a slot, 3 symbols for each RS block, and comb-3 RS structure. For each RS block, 14.25 (57/4) cells on the average are transmitted and other cells are muted. For each comb index in a RS block, there would be, on the average, 14.25/3 = 4.75 cells for simultaneous transmission
· Consider 6 RS blocks in a slot, 2 symbols for each RS block, and comb-2 RS structure. For each RS block, 9.5 (57/6) cells on the average are transmitted and other cells are muted. For each comb index in a RS block, there would be, on the average, 9.5/2 = 4.75 cells for simultaneous transmission
· Consider 12 RS blocks in a slot, 1 symbol for each block, and comb-1 RS structure. For each RS block, 4.75 (57/12) cells on the average are transmitted and other cells are muted. For the only one comb index in a RS block, there would be, on the average, 4.75/1 = 4.75 cells for simultaneous transmission

The more analysis is tabulated below,

	Number of RS block
in a slot
	Number of symbols 
in a block
	Comb structure per symbol
	Average loading (collided cells) per comb under 57 cells transmission
	

	1
	12
	Comb-6
	9.5 cells
	As benchmark

	2
	6 or 5
	Comb-6
	4.75 cells
	

	2
	6 or 5
	Comb-4
	7.125 cells
	

	3
	4
	Comb-4
	4.75 cells
	

	3
	4
	Comb-3
	6.33 cells
	

	4
	3
	Comb-3
	4.75 cells
	

	4
	3
	Comb-2
	7.125 cells
	

	5
	2
	Comb-2 
	5.7 cells
	

	6
	2
	Comb-2
	4.75 cells
	

	12
	1
	Comb-1 
	4.75 cells
	

	12
	1
	Comb-2
	2.375 cells
	



We further derive the following observations,
· The theoretical average loading (number of colliding cells) for each comb is the same under a given number of transmitted cells among these cases: 1-symbol comb-1, 2-symbol comb-2, 3-symbol comb-3, 4-symbol comb-4 and 6-symbol comb-6 transmission
· The TDM transmission in a slot may reduce the interference level
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