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1 Introduction

In RAN#91 meeting, the following agreements and working assumptions are achieved [1]. 
	Agreement:
· If UE has reported capability of supporting full-coherent  UL transmission, UE expects the number of UL PTRS ports to be configured as one

· For non-codebook based UL transmission, 

· A new RRC parameter UL-PTRS-SRS-mapping-non-CB indicates the PTRS port index for each configured SRS resource/resource set, where there are at most UL-PTRS-ports port indices

· When indicating SRI in DCI and when the PTRS port index associated with different SRIs are the same, the corresponding UL DMRS ports share the indicated UL PTRS port

· FFS: whether the UL PTRS port index is associated to each SRS resource or resource set

· For partial-coherent and non-coherent codebook based UL transmission, the higher -layer parameter UL-PTRS-ports indicates the maximum number of PTRS ports. 

· The actual number of UL PTRS port(s) to transmit is determined based on TPMI and/or TRI. 

Agreement:
For chunk-based pre-DFT PTRS insertion for DFTsOFDM with X chunks and K>1 support the following
· For chunk size K=4, support X=8 (value of Y set to 8 in the agreed table, for very large allocated bands)

· PT-RS sequence r(m) of length XxK is generated for the first OFDM symbol in the slot that contains PTRS and inserted in the m-th position (where minimum value of m is 0 and maximum m value is M-1) before M-size transform precoding

· For a given slot, one single XxK sequence r(m) is generated for the first DFTsOFDM symbol containing PTRS in the slot and repeated for every DFTsOFDM symbol containing PTRS in the slot

· BPSK sequence r’(n) = (1-2c(n))+j(1-2c(n)) is generated where the pseudo random sequence c(n) is initialized with already existing UE-specific parameter

· Note: The scrambling ID for PTRS for DFTsOFDM is removed from the RRC list

· FFS until later this week the exact parameter to use (e.g. the same nRSID as the associated UL DFTsOFDM DMRS/SRS, c_init from DL/UL DMRS, etc)

· Pi/2 modulation dependent on the pre-DFT position m of the PTRS sample is applied to obtain r(m)=1/sqrt(2)* exp(jmpi/2)*ßPUSCH*r’’(n), where m is the n-th index in the symbol indicating a PT-RS position, n=0…XK-1, and ßPUSCH boosts the PT-RS to the outermost PUSCH constellation points

Agreement 
For chunk size K=2, support the following insertion pattern 

· The samples in DFT domain are divided in X intervals, and the chunks are located in the middle of each interval (n=floor(M/(2X))-1))

Agreements:
· As UE capability, at a given carrier frequency, for each subcarrier spacing applicable to data channel at this carrier frequency, UE shall report the preferred MCS/BW thresholds based on its phase noise characteristics, assuming the MCS table with the maximum ModOrder as it reported to support
· (working assumption) For reporting preferred layer for mapping PTRS using layer indicator (LI), support a LI field separate from other CSI, following the encoding rule of wideband PMI

· (working assumption) Before RRC configuration, PTRS is not used

· (working assumption) X={10 for MCS table with up to 64QAM, 5 for MCS table with up to 256QAM, corresponding to switch point between QPSK and 16QAM}, Y=3, X_UL=0, Y_UL=1 (for UL CFO tracking)

· Do not support in spec that UE may assume the layers corresponding to the scheduled DL DMRS ports in one DL DMRS port group are experiencing the same phase variations at gNB side due to phase noise

Agreement:
· For non-codebook based UL transmission, the UL PTRS port index is associated to each SRS resource.

· For partial-coherent and non-coherent codebook based UL transmission, if the higher -layer parameter UL-PTRS-ports is 2, the actual UL PTRS port(s) and the associated transmission layer(s) are derived from indicated TPMI with the following rule:

· SRS port 0 and 2 in indicated TPMI share PTRS port 0,

· SRS port 1 and 3 in indicated TPMI share PTRS port 1.

· UL PTRS port 0 is associated with the UL layer x of layers which are transmitted with SRS port 0 and SRS port 2 in indicated TPMI;

· UL PTRS port 1 is associated with the UL layer y of layers which are transmitted with SRS port 1 and SRS port 3 in indicated TPMI;

· Up to 2-bit indicator is used in uplink grant where bit 1 is used for x and bit 2 is used for y




In this contribution, the remaining issues and further clarifications of PTRS design are discussed.
2 Issues for PTRS
PTRS before RRC configuration and default value setting
Even though modulation order tends to be low before RRC configuration, it has been agreed before that the purpose of introducing PTRS is not only for CPE compensation, which is mainly affected by modulation order and bandwidth, but CFO and Doppler can also be estimated by PTRS. In this regard, PTRS can be useful before RRC configuration. Moreover, for the same reason, even for very small allocated bandwidth, PTRS can be useful and without no PTRS state, system design can be simplified.
Proposal 1: Before RRC configuration, PTRS is used. 
Proposal 2: For PTRS, X=0 and Y=0. 
PTRS UE reporting

It has been agreed that UE reporting should be per SCS and the following PTRS parameters need to be reported. 

· Frequency Density for CP-OFDM in both DL and UL 

· Time Density for CP_OFDM in both DL and UL

· Time Density and PTRS chunk size for DTF-s-OFDM

Each one of these parameters could be a structure of multiple parameters that controls the presence and density of PT-RS as a function of scheduled BW and/or MCS. Moreover, these parameters need to be configured for each SCS although it is not necessary to configure them differently in such a case. The simplest and easiest way is to configure each SCS separately. Considering the agreement that up to 4 BWPs with different SCS can be configured, the payload for reporting these parameters could be quadrupled. The payload could be significant even for UE reporting. 

Based on the fact that the PTRS configuration might be partially overlapping for different SCS, here we propose offset UE reporting approach for multiple SCS, where entire PTRS parameters for the default SCS are reported but for the rest of the SCS, only the difference between one SCS and the default SCS is reported to reduce payload. The same principle also applies to RRC configuration for multiple SCS.
Proposal 3: UE reporting and RRC configuration overhead reduction is needed for PTRS configuration per SCS and offset reporting and RRC configuration should be considered.   
Pre-DFT PT-RS insertion for DFT-s-OFDM

In previous meeting, it was agreed that chunk size K can be {2, 4}. The chunk size K and number of chunk X can be determined depending on the scheduled RB. K=1 is FFS.

If we consider same total PT-RS samples, there is trade-off between non-chunk based and chunk-based distribution. Compared to the non-chunk based distribution, the chunk-based PT-RS insertion has more strong to noise and interference. However, the non-chunk based distribution has more accurate interpolation. Both the non-chunk based and chunk based distribution PT-RS can be used according to transmission environment, such as channel property, Doppler effects and SNR region. 

Proposal 4: The FFS point for K=1 should be concluded and NR should support both non-chunk based and chunk based distribution.
In previous meeting, it is agreed that the chunks for K=2 are located in the middle of each interval.
In RAN1#91 meeting, some technical issues, e.g., FFT window synchronization issue at the receiver, have been identified for chunk location when K=4, where the samples in DFT domain are divided in X intervals, 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. In this regard, K=4 should follow the same principle of the case K=2 and all chunks should be placed in the middle.

Proposal 5: NR should support middle of each of the X equally-sized based pre-DFT PT-RS insertion with K=4 for DFT-s-OFDM.   

DMRS and PTRS configuration
It has been agreed that 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. However, since gNB can already turn on and off PTRS by signaling, there is no need to specify a corner case not using PTRS in above 6 GHz. Basically, gNB can handle PTRS configuration including on and off. From functionality/implementation point of view, this agreement is redundant. Moreover, it is against the following agreement since when two DMRS are adjacent, TD-OCC DMRS is assumed:

- In case of two adjacent DMRS symbols, the PTRS pattern is restarted using the second of the two DRMS symbols as a reference.
Such agreement may also lead to an interpretation that TD-OCC DMRS and PTRS can be configured for below 6 GHz, which seems not necessary.
Proposal 6: The following agreement is not necessary and contradictory with other agreements, therefore it should either be removed

- 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.
or modified as

- UE is not expected to be configured/scheduled with DMRS with TD-OCC and PTRS in the same slot in case of below 6 GHz.

UL PTRS port configuration

It has been agreed that For CP-OFDM, support UE to report the desired maximum number of UL PTRS ports as UE capability and the maximum number of UL PTRS ports can reflect the number of oscillators at this UE.  It is further agreed that if UE has reported capability of supporting full-coherent UL transmission, UE expects the number of UL PTRS ports to be configured as one. However, it should be clarified that UE report is only a recommendation and does not imply that gNB has to configure one PTRS port since gNB should have the full control of configuration. In such a case, gNB might configure two PTRS ports. A benefit is that when the allocated RB number is small, PTRS tracking accuracy by frequency averaging may not be enough, in such a case the receiver can average over PTRS ports and tones to improve phase noise estimate accuracy. Based on the current evaluation results, it seems that one PTRS tone per every 2 RBs should achieve enough accuracy for CPE compensation even for very small number of allocated RBs. However, the phase noise model used for software evaluation might not fully reflect the actual phase noise generated by hardware and there might be a performance gap between software simulation and actual hardware implementation, i.e., the actual phase noise might be worse than expected. In such a case, UE can be configured with multiple PTRS ports by gNB to increase tracking accuracy. Therefore, we propose below clarification.

Proposal 7: When UE reports full-coherent capability or maximum one desired PTRS port, PTRS ports configuration is determined by gNB and gNB can still configure more than one PTRS ports.

3 Further clarifications and corrections
In 38.211 [2], the following clarifications and corrections should be made. 
1. s should be 1, 3 but not 0, 1 in Table 6.4.1.2.2.2-1.
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2. It should be [image: image2.png]o agfusc g



 instead of [image: image3.png]


 in the following equation.
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3. The following agreements have been achieved in RAN1#90b.

· 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
However, there is a mismatch between the pseudo code in 6.4.1.2.2.1 [2] and the agreements, such as reset lref at every DMRS symbol, where if two consecutive DMRS symbols exist, it will cause confusion since lref is reset at the last DMRS symbol between two consecutive DMRS symbols. 
Proposal 8: Adopt the identified clarifications and corrections in 38.211.

4 Conclusions

This contribution considered some clarifications and corrections of PTRS issues. The following observations and proposals are provided.
Proposal 1: Before RRC configuration, PTRS is used. 
Proposal 2: For PTRS, X=0 and Y=0. 
Proposal 3: UE reporting and RRC configuration overhead reduction is needed for PTRS configuration per SCS and offset reporting and RRC configuration should be considered.   
Proposal 4: The FFS point for K=1 should be concluded and NR should support both non-chunk based and chunk based distribution.
Proposal 5: NR should support middle of each of the X equally-sized based pre-DFT PT-RS insertion with K=4 for DFT-s-OFDM.   

Proposal 6: The following agreement is not necessary and contradictory with other agreements, therefore it should either be removed

- 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.
or modified as

- UE is not expected to be configured/scheduled with DMRS with TD-OCC and PTRS in the same slot in case of below 6 GHz.

Proposal 7: When UE reports full-coherent capability or maximum one desired PTRS port, PTRS ports configuration is determined by gNB and gNB can still configure more than one PTRS ports.

Proposal 8: Adopt the identified clarifications and corrections in 38.211.
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