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1 Introduction

In this contribution, we provide our views on remaining issues of PTRS. The evaluation assumptions are aligned with [1]

 REF _Ref497118475 \r \h 
[2], with specific choices given along with the results. The two phase noise models in [2] are denoted at PN-EX1 and PN-EX2, respectively.
2 PTRS for CP-OFDM

2.1 Agreements in RAN1#90b
The following agreements were achieved for PTRS for CP-OFDM in RAN1#90b:

	Density tables for CP-OFDM
· If DL-PTRS-present/UL-PTRS-present is enabled, 
· When PTRS is present, one PTRS port is present in every OFDM symbol and every 2nd RB unless DL/UL density tables are configured by RRC
· Note: This can in specification be achieved by specifying ptrsthMCS1 = ptrsthMCS2 = ptrsthMCS3 and ptrsthRB2 = ptrsthRB4 = Inf for these pre-defined values respectively
· PTRS is not present in DL if MCS < ptrsthMCS1DL or BW < ptrsthRB0DL, where default values of ptrsthMCS1DL and ptrsthRB0DL are to be decided at RAN1#90b or RAN1#91 the latest
· PTRS is not present in UL if MCS < ptrsthMCS1UL or BW < ptrsthRB0UL, where default values of ptrsthMCS1UL and ptrsthRB0UL are to be decided at RAN1#90b or RAN1#91 the latest
· RRC configuration of thresholds in density tables:
· UE is configured with two sets of thresholds M={ptrsthMCSj,j=1,2,3,4} and R={ptrsthRBn,n=0,2,4}, independently per BWP, using dedicated RRC signaling for UL and DL respectively
· UE capability signalling of thresholds
· A UE capability signals a recommended {M,R} for UL and DL respectively
· The recommended {M, R} are expected to the larger than the predefined values
Antenna ports
· For CP-OFDM, antenna port (AP) configuration
· Same as DL, support at least up to 2 UL PTRS ports in Rel-15
· If one PTRS port is configured for a DMRS port group for two CWs transmission, the PT-RS port is associated with the lowest DMRS port index among the DMRS ports assigned for the CW with higher MCS
· If MCS of the 2 CWs are the same, CW 0 is selected
· For CP-OFDM, support UE to report the desired maximum number of UL PTRS ports as UE capability and report the preferred DL layer, in case of 2 CW, report the preferred DL layer within the CW with higher CQI in UCI
· Note: The maximum number of UL PTRS ports can reflect the number of oscillators at this UE
· For UL codebook-based transmission, when one PTRS port is configured, support gNB to indicate to UE in the UL grant which DMRS port is associated with the PTRS port
· UE is not expected to be configured/scheduled with DMRS with TD-OCC and PTRS in the same slot in case of above 6 GHz
Sequences
· For CP-OFDM, after determining the subcarrier where PTRS is mapped, support repeating the modulated sequence symbol on the associated first front-loaded symbol of DMRS port taken at the subcarrier for which the PT-RS is mapped as the modulated symbol for PTRS, before applying FD-OCC.
Frequency mapping position
· Support a RB-level offset for selecting RBs among the scheduled RBs for mapping PTRS, and the offset is implicitly determined by UE-ID (i.e., C-RNTI).
· Support implicit derivation the RE-level offset for selecting subcarrier for mapping PTRS within a RB from one or more parameters (e.g. associated DMRS port index, SCID, Cell ID, to be decided in RAN1#91)
· This can be used at least for avoiding collision with DC tone
· In addition, an RRC parameter “PTRS-RE-offset” is also supported that explicitly indicates the RE-level offset and replaces the implicit offset, at least for avoiding collision with DC tone
Power boosting
· For UL, the transmission power for the symbols with and without PTRS should be kept the same when more than 1 PTRS port is configured
· Support power borrowing for PTRS from muted REs when more than 1 PTRS port is configured
· Note: Other power boosting scheme for UL PTRS can be further discussed
· FFS: single PTRS port case
· At least for DL SU-MIMO scheduling, the EPRE ratio between PTRS and PDSCH is by default implicitly indicated by the number of scheduled PTRS ports for the UE
· The default EPRE ratio is 0dB for 1 PTRS port case and 3dB for 2 PTRS port case
· Other combinations including EPRE up to 6dB are allowed by RRC configuration of association between number of DL PTRS ports and EPRE ratios
Symbol mapping
· For CP-OFDM and DFT-s-OFDM, when PTRS is present, the PTRS mapping pattern starts at the first symbol containing PDSCH/PUSCH in the slot and then maps to every L_{PT-RS} symbol
· The PTRS mapping pattern is restarted at each symbol containing DMRS and then mapped to every L_{PT-RS}:th symbol relative to this symbol.
· In case of two adjacent DMRS symbols, the PTRS pattern is restarted using the second of the two DRMS symbols as a reference. 
· Consequently, when PTRS time density is lower than 1, the symbol right after front-loaded DMRS and the symbol right after additional DMRS (if exists) does not contain PTRS
· The PT-RS according to the mapping pattern is not transmitted in OFDM symbols that contains PDSCH/PUSCH DMRS
· The PT-RS according to the mapping pattern is not transmitted in RE that overlaps with a configured CORESET


2.2 Default value in time/freq density table

In the previous agreements of density tables for CP-OFDM, one remaining issue is the default values of ptrsthMCS1DL, ptrsthRB0DL, ptrsthMCS1UL, ptrsthRB0UL, i.e., the presence thresholds.  For determining BW thresholds, some evaluation results can be found in [3]. For determining the MCS thresholds, some evaluation results can be found in Figure 1, where frequency density of every 4th RB is assumed, with 32 RBs, single-layer transmission and PN only (no CFO). 
As using 1 or 2 RB to transmit 256QAM is not typical, where the SE loss due to having PT-RS as overhead will likely override the gain using such high MCS, we suggest to choose the default value of ptrsthRB0DL  or ptrsthRB0UL considering moderate MCS(s). With moderate MCS, as shown in [3], PTRS is not needed for 1 or 2 RB transmission. The reason behind that is the accumulated ICI and number of code blocks are relatively smaller. In addition, if the default value of N_RB1 equals 1, we will be facing unnecessary penalty on all medium MCS(s). For these reasons, we propose to take 3 as the default value of ptrsthRB0DL and ptrsthRB0UL. Similar observations can also be made from the evaluations results in Appendix 5.4 of [4].
By comparing the SE with and without PTRS, as shown in Figure 1, the MCS boundaries/thresholds where having PTRS becomes beneficial are higher than 16QAM with coding rate of 1/2 for both phase noise models. More details can be found in [5]. To ensure robust performance before UE reporting the preferred thresholds and RRC configuration of updated thresholds, a default value for ptrsthMCS1DL or ptrsthMCS1UL can be set to 16QAM with coding rate of 1/2. 
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Figure 1 SE comparison for different MCS
Proposal 1: For determining presence of PTRS, the default value of BW thresholds ptrsthRB0DL and ptrsthRB0UL should be set as 3, and that of MCS thresholds ptrsthMCS1DL and ptrsthMCS1UL should be set as 16QAM with 1/2 coding rate. 
2.3 RE mapping with collision

To avoid the collision between PTRS and DMRS/PDCCH, t has been agreed that the PTRS according to the mapping pattern is not transmitted in OFDM symbols that contains PDSCH/PUSCH DMRS and in RE that overlaps with a configured CORESET. However, there is still possibility that PTRS collides with other RSs and channels, for example, PUCCH/PBCH/SSB/SRS. To avoid collision, PTRS according to the mapping pattern should not be transmitted in RE that overlaps with PUCCH/PBCH/SSB/SRS. 
Proposal 2: To avoid collision, PTRS according to the mapping pattern is not be transmitted in RE that overlaps with PUCCH/PBCH/SSB/SRS.
2.4 Localized PTRS for ICI estimation

Localized PTRS allow estimating more ICI coefficients in comparison with the distributed PTRS. UE also can assist gNB to choose which PTRS pattern distributed or localized to configure. In case UE prefers the localized PTRS, it can signal to gNB the burst length of localized PTRS pattern, i.e., the number of consecutive REs (in frequency direction) to be used for PTRSs representing the same PTRS port. In case UE prefers the localized PTRS, UE also can signal to gNB the preferred radio resources for localized PTRS due to sensitivity of localized PTRS to frequency-selective fading. For example, this can be signaled as an offset of PTRS subcarriers in scheduled bandwidth.

Proposal 3: Support UE to assist gNB in choice of PTRS pattern (localized/distributed) and parameters of a localized PTRS pattern.

2.5 PTRS for ECP case

To minimize design/specification efforts, the PTRS time/frequency densities designed for NCP can be reused for ECP case. To enable forward compatibility, same as NCP case, it should be supported to configure the MCS/BW thresholds in the time/frequency density tables for indicating presence/pattern of ECP PTRS by RRC signalling. 

Proposal 4: For ECP, support reusing time/frequency densities of PTRS for CP-OFDM for NCP, and configuring MCS/BW thresholds for indicating presence/pattern of ECP PTRS by RRC signalling.
3 PTRS for DFT-s-OFDM

3.1 Agreements in RAN1#90b
The following agreements were achieved for PTRS for DFT-s-OFDM in RAN1#90b:

	· For DFT-s-OFDM, support using pi/2 BPSK PTRS sequence
· Support boosting the amplitude of pi/2 BPSK PTRS for DFT-s-OFDM to the same level as outermost constellation points of the corresponding PUSCH (including pi/2 BPSK PUSCH)
· Support applying additional OCC within each PTRS chunk for DFT-s-OFDM
· For chunk-based pre-DFT PTRS insertion for DFTsOFDM with X chunks of size K={2,4}, support the following
· For K=2, the samples in DFT domain are divided in X intervals, and the chunks are located in each interval in samples n to n+K-1  where the n is FFS

· For K=4, the samples in DFT domain are divided in X intervals, where in the first interval the chunk is placed in the Head (first K samples), in the last interval the chunk is placed in the Tail (last K samples), and in the rest of intervals the chunk is placed in the middle of each of the two intervals

· For PTRS for DFT-s-OFDM, support a RRC parameter « UL-PTRS-frequency-density-transform-precoding » indicating a set of thresholds T={NRBn,n=0,1,2,3,4}, per BWP that indicates the values of X and K the UE should use depending on the scheduled BW according to the table below

Scheduled BW
X x K
NRB0 <NRB ≤NRB1
2x2

NRB1 <NRB ≤NRB2
2x4

NRB2 <NRB ≤NRB3
4x2

NRB3 <NRB ≤NRB4
4x4

NRB > NRB4
Yx4

· FFS default UE behaviour before RRC configuration, if needed

· FFS value of Y (if different than 4)

· FFS whether thresholds are MCS dependent

· Note: NRB0 can be equal to 0; when NRB0 is larger than 0, no PTRS is present for allocations less than or equal to NRB0
· Note: The use of a specific pattern can be disabled by setting NRBi=NRBi+1 on the corresponding line in the previous table

· Possible PTRS presence/absence is configured through an RRC parameter « UL-PTRS-present-transform-precoding » 

· Time-domain PTRS density is configured by an RRC parameter « UL-PTRS-time-density-transform-precoding » where supported time densities are L_{PT-RS}={1,2}

· Note: Time-domain pattern depends on DM-RS positions using the same principle as agreed for CP-OFDM PTRS mapping

· FFS: Whether to introduce (K=1, X=16) and the impacts on existing design. If supported, K={1,2,4} is supported and the following applies
· The samples in DFT domain are divided in X intervals, and the chunks (K=1) are located in the middle of each interval

· (K=1, X=16) applies when NRB4<NRB [image: image6.png]


NRB5, and Yx4 applies for NRB [image: image8.png]


 NRB5


3.2 Placement of PTRS chunks

In this section, we would like to draw attention to an insofar overlooked problem, related to the latest agreed placement of PTRS chunks within an OFDM symbol in the case of K=4. The problem is demonstrated graphically below in Figure 2, which schematically depicts the agreed K=4 design (for X=2 and X=4), from both the transmitter and receiver perspectives. The point is that the receiver typically sets some intentional timing margin for the CP removal and FFT windowing in units of the pre-DFT QAM symbol, in order to cope with imperfect synchronization and various multipath channel profiles of the UL transmissions from simultaneously FDM-ed UEs. Namely, an Rx “advance shift” λ is deployed, relative to the original transmitter timing, while extracting the useful bulk of the received OFDM symbol. 

The impact of the advance shift depends on the size of λ – as measured in units the pre-DFT QAM symbol duration – which in turn depends on the allocation (or DFT) size M. The situation depicted in Figure 2 corresponds to the case of λ > K (= 4), which may happen when M is relatively large: the received “tail chunk” fully wraps-around cyclically and is merged together with the “head chunk” into a single, unnecessarily wide, chunk of 2K (= 8) PTRS QAMs, leaving behind a long interval where extrapolation of the estimated PN is required. For smaller values of M, namely relatively narrow allocations, the case λ ≤ K may arise, leading to the received tail chunk being split into two sub-chunks (neither necessarily equal nor consisting of an integer number of QAM symbols each!) where one sub-chunk wraps around to join the head chunk and the other with K < 4 QAMs left behind at the tail of the received OFDM symbol. 
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Figure 2:  Current agreement on DFT-s-OFDM PTRS chunk design for K=4,
and the resulting problem due to Rx window timing shift

It should be emphasized that the actual value of λ, whether set statically or dynamically, is unknown to the transmitter (or rather transmitters, scheduled with possibly different M’s at the same subframe), and it is tuned by the receiver based on considerations which are more important than (and rather orthogonal to) the issue of PN compensation (PNC), for ensuring good detection performance. Thus, it makes sense to require that the placement of PTRS chunks should be robust with respect to the choice of advance shifts within a reasonable range, say up to Z% of the CP duration (Z FFS, presumably larger than 10); otherwise, the PNC performance and implementation complexity may both degrade, and for no good reason.

Observation: Due to Rx timing shift, (at least part of) a PTRS chunk placed at the tail of the transmitter’s OFDM symbol may wrap-around to the head of the symbol from the receiver’s perspective, thus spoiling the original intention of the design and unnecessarily increasing Rx complexity, as well as deteriorating PN compensation performance.

Link-level evaluation results, assessing the performance penalty resulting in from the problematic K=4 design, are presented in the Appendix. We think that the problem should be rectified, especially since there are easy ways to resolve it. The minimal change required to fix the issue is to adopt just the following proposal:

Proposal 5: For DFT-s-OFDM in the case of K=4, the Xth (i.e., last) PTRS chunk is placed such that it is followed by (at least) 
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 = 9/128 or 1/4, in normal or extended CP duration mode, resp.), and Z = [50] (exact value and its configurability are FFS).
Proposal 14 can be adopted while leaving the position of the remaining X–1 PTRS chunks unchanged, according to the agreement for K=4. However, as may be deduced from the evaluation results, the current agreement leads to inferior performance also because of the unbalanced lengths of the interpolation intervals involved; specifically, when X>2 (particularly X=4), there is an interval which is 1.5× longer than the others. Thus, an extra step can be taken in order to further optimize the PNC performance and reduce its implementation complexity, by adopting the next proposal:

Proposal 6: For DFT-s-OFDM, PTRS chunks are placed in the pre-DFT domain at uniform intra-symbol distances. 

Particularly, for K=4, if we still stick to the agreement on placing the 1st chunk at the very head of the OFDM symbol, the other chunks can be placed as follows, respecting the first two proposals above:

Proposal 7: For DFT-s-OFDM in the case of K=4, the start samples of the X chunks in DFT domain are given by 
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3.3 Scrambling ID

In [7], we have proposed a Gold sequence of length 31 for DMRS generation that is initialized with 16 bit scrambling ID. Our simulation results in [7] show that the resulting DMRS sequences have significantly better average cross correlation properties in comparison with the cases that the same Gold sequence is initialized using a 9 bit scrambling ID (similar to LTE) or 10 bit scrambling ID (the size of the number of cells in NR). This guarantees more robustness against colliding DMRSs in neighboring cells and more flexibility in DMRS time-frequency assignment within the cell. A similar observation regarding a longer scrambling ID bit-width is also made and confirmed using simulations for CSI-RS sequence design in [8]. As justified in the above discussion, we also propose to use a Gold sequence of length 31 with 16 bit scrambling ID for DFT-s-OFDM PTRS. The used scrambling ID is UE-specifically configured using RRC and does not need to have a default value. We propose:
Proposal 8: Length-31 gold sequence with scrambling ID of 16 bit-width is used for PTRS for DFT-s-OFDM. The scrambling ID is UE-specifically configured using RRC and does not need to have a default value.  

4 Summary of proposals

The proposals in this paper are summarized as follows. 
For CP-OFDM:
Proposal 1: For determining presence of PTRS, the default value of BW thresholds ptrsthRB0DL and ptrsthRB0UL should be set as 3, and that of MCS thresholds ptrsthMCS1DL and ptrsthMCS1UL should be set as 16QAM with 1/2 coding rate. 
Proposal 2: To avoid collision, PTRS according to the mapping pattern is not be transmitted in RE that overlaps with PUCCH/PBCH/SSB/SRS.
Proposal 3: Support UE to assist gNB in choice of PTRS pattern (localized/distributed) and parameters of a localized PTRS pattern.

Proposal 4: For ECP, support reusing time/frequency densities of PTRS for CP-OFDM for NCP, and configuring MCS/BW thresholds for indicating presence/pattern of ECP PTRS by RRC signalling.
For DFT-s-OFDM:
Proposal 5: For DFT-s-OFDM in the case of K=4, the Xth (i.e., last) PTRS chunk is placed such that it is followed by (at least) 
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Proposal 6: For DFT-s-OFDM, PTRS chunks are placed in the pre-DFT domain at uniform intra-symbol distances. 

Proposal 7: For DFT-s-OFDM in the case of K=4, the start samples of the X chunks in DFT domain are given by 
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Proposal 8: Length-31 gold sequence with scrambling ID of 16 bit-width is used for PTRS for DFT-s-OFDM. The scrambling ID is UE-specifically configured using RRC and does not need to have a default value.  
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Appendix
Here we describe some evaluation results, accompanying the discussion in section 3.2 on the placement of PTRS chunks for DFT-s-OFDM. The simulation assumptions are listed in Table 1 below.

Table 1  Simulation assumptions for evaluation of PTRS chunk placement for DFT-s-OFDM
	Waveform
	DFT-s-OFDM

	MCS
	64QAM, CR = 5/6 (LTE Turbo)

	FFT size
	2048

	CP duration
	Normal

	SCS [KHz]
	120

	Allocation size [#PRBs]
	32

	DFT size  M
	32*12 = 384

	Carrier Frequency [GHz]
	30, 40

	Phase Noise (PN) model
	PN-EX2 [2]

	Channel model
	AWGN

	Subframe size [#OFDM-symbols]
	14

	DMRS design
	Front loaded ZC (1st & 8th symbols in subframe)

	PTRS chunk size  K
	4

	#PTRS-chunks per OFDM symbol  X
	4

	PTRS chunk placement
	Alternatives 1-3 (see below)

	Channel estimation
	LMMSE

	PN interpolation method
	Linear, using PTRS only in current OFDM symbol

	CP removal advance shift at RX
	0 or 33 (in FFT samples), i.e. 0% or 23% of the CP length
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	Performance metric
	Required Rx SNR @ BLER=10%


The three evaluated PTRS chunk placement alternatives are the following:

(1) According to the agreement reached in RAN1#90b – cf. section 3.1.
(2) According to our Proposal 13 (cf. section 3.2), namely shifting backwards only the last “tail chunk” while leaving unchanged the locations of the other three chunks as in (1).

(3) According to our Proposal 15 (cf. section 3.2), namely shifting backwards the last “tail chunk” and also making the intra-symbol distances between chunks uniform (“head chunk” still as in (1)).       

The resulting performance results are presented in Table 2, from which one can get some feel for both the large penalty in performance resulting in from the “tail chunk” – when Rx advance shift is deployed, as well as for the degradation from having unbalanced inter-chunk intervals, as in the currently agreed PTRS design for K=4.    

Table 2  Performance results (required Rx SNR [dB]) with different PTRS chunk placement alternatives 
	Placement  alternative
	30 GHz
	40 GHz
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