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1 Introduction

In RAN#92 meeting, RAN#91meeting and RAN1 AdHoc#1801, the following agreements and working assumptions are achieved [1-3]. 
	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. 

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:
Value range for Scheduled BW thresholds (for frequency density for CP-OFDM and sample density for DFTS-OFDM) is between minimum value of 1 and maximum value of 276.
FFS: Compression method for reducing the RRC overhead
Agreement
· For codebook based UL transmission, the following table is used for UL PTRS power boosting
UL-PTRS-power/
Full coherent
Partial coherent
Non-coherent
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· Q=0 for 1 PT-RS port case, Q=3 for 2 PT-RS port case.[image: image5.png]



· Note: If two PT-RS ports are configured, their EPREs are the same.         



In this contribution, the remaining issues and further clarifications of PTRS design are discussed.
2 Issues for PTRS
2.1 DL PTRS power boosting
The agreed power boosting mechanism can be successfully applied in the case where one PRTS port and one DMRS port group are configured and the PTRS port is associated to this DMRS port group. It can also be applied to the case where two PTRS ports and two DMRS port groups are configured and each PTRS port is associated with a different DMRS port group. Basically, one PTRS port can only be associated with one DMRS group.

However, it has been agreed that one PTRS port can be transmitted for two scheduled DL DMRS port groups, and this PTRS port can be shared by two DMRS port groups because this PTRS port and the DMRS port(s) which are not in the associated DMRS port group are QCLed w.r.t. {Doppler spread, Doppler shift}. In such a case, if two DMRS groups can share the same power source and thus cross DMRS port group power borrowing is possible, PTRS power should not be only boosted based on the number of PDSCH layers within the DMRS port group associated with the PTRS port since the power of the muted REs in another DMRS group can also be used. Instead, the power boosting should be across two DMRS port groups.

Proposal 1: PTRS power boosting can be across two DMRS groups when one PTRS port is configured for two scheduled DMRS groups and corresponding power boosting table in [4] should be modified as follow.

Table 4.1-2: PDSCH EPRE to PT-RS EPRE per layer per RE for PT-RS port i when two DMRS port groups are scheduled (
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It has been agreed that PTRS time density of two DMRS groups should be aligned to guarantee that power borrowed from muted REs is the same for two PTRS ports. Moreover, PTRS frequency density depends on allocated BW. For non multi-TRP case, the same RBs are allocated for two DMRS groups so that the frequency density keeps the same and power borrowing from muted REs gives exactly 3 dB power boost. In another word, it works well with the case where two DMRS group resources are full overlapping. However, in multi-TRP, full overlapping may not always be the case and the numbers of RBs allocated from two TRPs might be different. Thus the PTRS frequency density might also be different. In such a case, at least frequency density of two PTRS ports associated to two DMRS groups should be aligned as well.

Proposal 2: For the case where two DL DMRS port groups are transmitted, where each DMRS port group is associated to one PTRS port and one CW respectively, the frequency density of the PTRS port corresponding to the CW with smaller allocated BW should be set as the same as that of the PTRS port corresponding to CW with larger allocated BW when two PTRS ports are active.

2.2 UL PTRS power boosting for non-codebook based transmission
For codebook based UL transmission, gNB knows exactly whether the transmission is coherent, partial coherent or non-coherent so that power boosting can be done with power constraint. For non-codebook based transmission, gNB may not be able to know how precoding is done by the UE and therefore does not know if power constraint applies or not. It has been agreed that in UE capability report, UE can report back which coherent mode it supports. In this regard, gNB should make use of such information in UE capability report even for non-codebook based transmission since it has implication of the antenna structure at the UE side. 

It has been 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. This agreement does not differentiate codebook or non-codebook based transmission. In such a case, the same sub-table for coherent transmission power boosting can be reused. If UE reports non-coherent only, the same sub-table for non-coherent transmission power boosting can also be reused. For partial coherent case, power boosting can be borrow power from both REs muted for another PTRS port and REs muted for the same PTRS port in different UL layers. Thus the same mechanism for DL power boosting can be reused here.

Proposal 3:For codebook based UL  transmission, PT-RS power boosting should depend on UE capability report on codebook coherency subset type. If full coherent or non-coherent is reported, same power boosting table as codebook based power boosting can be used. If partial coherent is report, same power boosting table as DL can be used with layers up to 4.
2.3 BW/MCS thresholds compression

The value range for scheduled BW thresholds is agreed to be between minimum value of 1 and maximum value of 276. It might require 9 bits to indicate the thresholds and these bits are needed for both UL and DL. If transform precoding is enabled, 5 thresholds values are needed and it might require 45 bits in total. Compared with BW thresholds, each MCS thresholds also need 5 bits and three thresholds need 15 bits in either UL and DL and 30 bits in total. UE can also recommend these threshold sets in UE reporting. Considering that the RRC configuration for the threshold sets is per BWP basis and UE reporting is per SCS basis, in such a case RRC configuration and UE reporting signaling overhead could be significant and methods to reduce the signaling overhead can be considered if necessary. 
Proposal 4: If BW thresholds need to be compressed, MCS thresholds compression should also be considered.
2.4 PT-RS Density in case of UCI on PUSCH without UL-SCH
It has been agreed in [1] that for UCI-only multiplexed on PUSCH without UL-SCH, modulation order and code rate are signalled in DCI. In this regard, PT-RS density can be decided by MCS indicated in DCI. Therefore, there is no spec impact.
Proposal 5: No spec impact is required for PT-RS density in case of UCI on PUSCH without UL-SCH .

2.5 PTRS UE reporting

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

· Preferred threshold set for frequency density in both DL and UL 

· Preferred threshold set for time density in both DL and UL

Each one of the threshold set could be a structure of multiple parameters that controls the presence and density of PTRS as a function of scheduled BW or MCS. Moreover, these parameters need to be reported for each SCS although they are not necessary to be different in such a case. The simplest way is to report these thresholds for 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 significant. With increased SCS, the performance loss due to PN tends to get smaller so that the thresholds should be configured in a unidirectional way with increased SCS. It is also possible that PTRS configurations for two different SCS are the same or at least part of the configurations is the same. In such a case, we propose following Alts to reduce the payload for multiple SCS:
· Alt1: The entire PTRS threshold sets for the SCS of the default BWP are reported. For the additional SCS, use one bit to indicate if the threshold sets are the same as the sets configured for the SCS of the default BWP and if they are the same, there is no need to report the threshold sets for additional SCS.

· Alt2: The entire PTRS threshold sets for the SCS of the default BWP are reported. For the additional SCS, only report the difference of the thresholds. 

Note that the same approaches can also be employed in RRC configuration for multiple SCS.
Proposal 6: Consider following Alts to reduce UE reporting overhead.   
· Alt1: The entire PTRS threshold sets for the SCS of the default BWP are reported. For the additional SCS, use one bit to indicate if the threshold sets are the same as the sets configured for the SCS of the default BWP and if they are the same, there is no need to report the threshold sets for additional SCS.

· Alt2: The entire PTRS threshold sets for the SCS of the default BWP are reported. For the additional SCS, only report the difference of the thresholds. 
3 Conclusions

This contribution considered some clarifications and corrections of PTRS issues. The following observations and proposals are provided.
Proposal 1: PTRS power boosting can be across two DMRS groups when one PTRS port is configured for two scheduled DMRS groups and corresponding power boosting table in [4] should be modified as follow.

Table 4.1-2: PDSCH EPRE to PT-RS EPRE per layer per RE for PT-RS port i when two DMRS port groups are scheduled (
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Proposal 2: For the case where two DL DMRS port groups are transmitted, where each DMRS port group is associated to one PTRS port and one CW respectively, the frequency density of the PTRS port corresponding to the CW with smaller allocated BW should be set as the same as that of the PTRS port corresponding to CW with larger allocated BW when two PTRS ports are active.

Proposal 3:For codebook based UL  transmission, PT-RS power boosting should depend on UE capability report on codebook coherency subset type. If full coherent or non-coherent is reported, same power boosting table as codebook based power boosting can be used. If partial coherent is report, same power boosting table as DL can be used with layers up to 4.

Proposal 4: If BW thresholds need to be compressed, MCS thresholds compression should also be considered.

Proposal 5: No spec impact is required for PT-RS density in case of UCI on PUSCH without UL-SCH .

Proposal 6: Consider following Alts to reduce UE reporting overhead.   
· Alt1: The entire PTRS threshold sets for the SCS of the default BWP are reported. For the additional SCS, use one bit to indicate if the threshold sets are the same as the sets configured for the SCS of the default BWP and if they are the same, there is no need to report the threshold sets for additional SCS.
· Alt2: The entire PTRS threshold sets for the SCS of the default BWP are reported. For the additional SCS, only report the difference of the thresholds.
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