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Introduction
In RAN1 #90bis, RAN1 has made a significant progress on PTRS for CP-OFDM based on a WF [1] which includes following:

PTRS density 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
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.
· 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
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

In addition, RAN1 also made a good progress on pre-DFT PTRS for DFT-s-OFDM as following [2]:

Agreement:
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

	NRB0NRB NRB1
	2x2

	NRB1 NRBNRB2
	2x4

	NRB2NRBNRB3
	4x2

	NRB3NRBNRB4
	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 NRB5, and Yx4 applies for NRB  NRB5

In this contribution, we discuss further remaining details on PTRS for CP-OFDM and DFT-s-OFDM.
Remaining details on PTRS for CP-OFDM
RB-level offset
The UE-specific RB offset for PTRS insertion has been agreed to randomize interference between co-scheduled UEs. Since the RB offset value is determined based on C-RNTI, it seems to be only applicable to UE-unicast traffic. For the multi-cast and broadcast traffic (e.g., system information, RACH msg, and paging), if PTRS needs to be used, two options can be considered. The first option is to use a default RB offset value (e.g., 0) since the interference randomization for the co-scheduled UEs is not necessary for the multicast/broadcast traffic. The second option is to use an RNTI associated with DCI for the transmission. Between the two options, the first option seems to be simpler and safer since if there is any channel which is transmitted without an associated DCI, the first option still works fine.
Proposal-1: a default RB offset value (i.e.,0) is used for multi-cast and broadcast traffic.



Figure 1. An example of PTRS frequency density based on scheduled RBs with RB offset =0.
As shown in the Figure 1, the RBs containing PTRS are determined based on the frequency density (KPTRS), scheduled bandwidth (), and RB offset value (). To determine the RB offset value, a maximum RB offset value () seems to be needed to limit the RB offset values within a certain range which allows the same PTRS frequency density irrespective of the RB offset value given KPTRS and  values. Thus, the RB offset value is within the maximum RB offset value as  In this case, the RB offset value  can be determined based on C-RNTI () and maximum RB offset value as

Proposal-2: a maximum RB offset value (and C-RNTI is used to derive RB offset value 
Proposal-3: the RB offset value is derived based on 
The maximum RB offset value could be the same as KPTRS to avoid a case where the RB offset value is greater than KPTRS. However, using KPTRS as maximum RB offset value could still result in a different PTRS frequency density due to the RB offset value selected as shown in the Figure 2.


Figure 2. An example of PTRS frequency density when .
In order to avoid an PTRS frequency density change due to the RB offset value, the maximum RB offset value can be selected based on frequency density (KPTRS) and scheduled bandwidth (). For example,  can be used to further limit the RB offset value so that the frequency density is the same for all UEs irrespective of the UE-ID.
Proposal-4: the maximum RB offset value is determined based on 

RE-level offset
The implicit derivation of the RE-level offset for selecting a subcarrier for mapping PTRS within an RB has been agreed in the last meeting. The possible parameter to determine the RE-level offset was discussed including associated DM-RS port index, SCID, and cell-ID. Among those options, the first two parameters (e.g., DM-RS port index and SCID) are related to multi-user operation when there are co-scheduled UEs in the same frequency resource. Therefore, PTRS interference could be randomized for co-scheduled UEs in the same cell using those parameters. Since the RB-level offset is already used to randomize interference between co-scheduled UEs, additional randomization for the co-scheduled UEs doesn’t seems to be necessary. In addition, SCID is configured via higher layer signaling in a UE-specific manner. As agreed, an RRC parameter “PTRS-RE-offset” can replace the implicit offset. Therefore, the functionality of the SCID parameter seems to be overlapped with the RRC configured parameter “PTRS-RE-offset”.  
On the other hand, cell-ID allows the PTRS interference randomization across neighboring cells, which seems to be appropriate when RE-level offset is used with RB-level offset as it can randomize PTRS interference within a cell and across cell together. 
Proposal-5: cell-ID is used to implicitly determine RE-level offset value
Remaining details on PTRS for DFT-s-OFDM
Chunk location within an interval for K=2
For the chunk-based pre-DFT PTRS when K=2, the chunks can be located in each interval at the head (Alt-1: the first K samples), the middle (Alt-2: middle K samples), or the tail (Alt-3: the last K samples). Figure 3 shows an example of the three alternatives when K=2 and X=4. 


Figure 3. pre-DFT PTRS alternatives for K=2
[bookmark: _Ref492807595]Figures 4 and 5 illustrate the spectral efficiency with 64QAM and coding rate 1/2 according to the number of PRBs allocated and number of chunks (2 or 4). As seen in the figure, there is no performance difference between all alternatives.
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Figure 4. Spectral efficiency for 8PRBs, 64QAM 1/2 (K=2, X=2)


[image: ]
Figure 5. Spectral efficiency for 16PRBs, 64QAM 1/2 (K=2, X=4)
Figures 6 and 7 illustrate the spectral efficiency with 64QAM and coding rate 5/6 according to the number of PRBs allocated and number of chunks (2 or 4). Contrary to the lower coding rate cases, the chunks located in the middle of each interval provide the best performance especially when the scheduled bandwidth is small. Since the PN model in [4] varies significantly within one DFT-s-OFDM symbol, the CP and tail of the symbol are multiplied with different phase noise values, resulting in the CP no longer being the exact copy of the symbol at the tail. The difference between the actual and ideal CP, leaks into the head of the current symbol, resulting in interference. Therefore, the head and tail alternatives show the performance degradation.
[image: ]
Figure 6. Spectral efficiency for 8PRBs, 64QAM 5/6 (K=2, X=2)
[image: ]
Figure 6. Spectral efficiency for 16PRBs, 64QAM 5/6 (K=2, X=4)
Proposal-6: when K=2, the chunks are located in the middle of each interval

PTRS Sequence Design
It was agreed to support pi/2 BPSK modulated PTRS. The pi/2 BPSK constellation is the same as the QPSK constellation, so regardless of the PUSCH modulation type, the PTRS can always be pi/2 BPSK modulated. It has also been agreed to multiplex more than one UE in a PTRS chunk using time domain orthogonal cover codes. 
Since in pi/2 BPSK, a pi/2 phase difference is introduced between consecutive BPSK symbols, how to apply an OCC on the PTRS becomes important. If the OCC is applied on the modulated symbols as shown Figure 7, then the pi/2 phase continuity between consecutive symbols may be broken, resulting in larger PAPR. One method to prevent this is to first modulate the PTRS and data bits with BPSK, then apply OCC on the PTRS symbols followed by pi/2 modulation. This approach is shown in Figure 8. 

[image: ]
Figure 7. Applying OCC after pi/2 BPSK modulation (pre-OCC pi/2)

[image: ]
Figure 8. Applying OCC after BPSK modulation and before pi/2 modulation (post-OCC pi/2)
The PAPR of the two approaches using OCC length of 4 is shown in Figure 9 where frequency domain spectral shaping (FDSS) is also applied. From this figure, it can be seen that pre-OCC pi/2 modulation destroys the low PAPR property of pi/2 BPSK modulation while post-OCC pi/2 preserves the low PAPR. 
[image: ]
Figure 9. PAPR of pre-OCC and post-OCC pi/2 modulation
It is desirable to use the same PTRS sequence for pi/2 BPSK and other modulation orders. Therefore, the PTRS sequence is generated first by modulating a PN sequence with BPSK, and then applying pi/2 phase shift on the sequence as

where  is the index of the DFT input where the PTRS is inserted. An example is illustrated in Figure 10 for two chunks of PTRS.

[image: ]
Figure 10. PTRS sequence generation
Proposal-7: for PTRS sequence, apply OCC after BPSK modulation and before pi/2 modulation
Conclusion
In this contribution, we discussed the remaining details of PTRS design for DFT-s-OFDM and CP-OFDM and evaluated alternatives for the pre-DFT PTRS patterns when K=2. Based on the discussions and observations, we propose the following:
Proposal-1: a default RB offset value (i.e.,0) is used for multi-cast and broadcast traffic.
Proposal-2: a maximum RB offset value (and C-RNTI is used to derive RB offset value 
Proposal-3: the RB offset value is derived based on 
Proposal-4: the maximum RB offset value is determined based on 
Proposal-5: cell-ID is used to implicitly determine RE-level offset value
Proposal-6: when K=2, the chunks are located in the middle of each interval
Proposal-7: for PTRS sequence, apply OCC after BPSK modulation and before pi/2 modulation
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Appendix – Simulation Assumptions
Table 1 Simulation Assumptions for DFT-s-OFDM
	Parameters
	Value

	System bandwidth
	320 MHz 

	Waveform
	DFT-s-OFDM

	Subcarrier spacing
	240 kHz

	Number of PTRS
	(K=2, X=2) for 8 RBs
(K=2, X=4) for 16 RBs

	Chunk size
	2

	Carrier Frequency 
	52 GHz

	Modulation and coding rate
	64QAM, ½ and 5/6

	Number of allocated PRBs
	8, 16 PRBs

	Channel model
	TDL-C, 30 ns, 3 kmph

	Channel coding scheme
	Turbo

	Receiver
	MMSE

	Phase noise model
	PN model in [4]
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