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Introduction
In this contribution, we discuss the remaining issues and corrections on PT-RS in the specs.
Remaining issues on PT-RS
· Power boosting of DL PT-RS
In Subclause 4.1 (page 8) in TS 38.214[1], the power boosting for DL PT-RS is described as:
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In [2], two power boosting schemes have been discussed:
· Scheme 1: PDSCH to PTRS EPRE ratio per layer is given by
				-10*log10(NPDSCH)-10*log10(NPT-RS)[dB]
where NPDSCH is the number of PDSCH layers within its corresponding DMRS port group, and NPT-RS is the number of transmitted PT-RS ports.
· Scheme 2: PDSCH to PTRS EPRE ratio per layer is given by
				-10*log10(N’PDSCH) [dB]
where N’PDSCH is the number of PDSCH layers.
Scheme 1 and scheme 2 could be applied to multi-TRP (two DMRS port groups cannot share the same power source) and multi-panel (two DMRS port groups share the same power source), respectively. Considering the application scenarios, these two schemes should both be supported.
In addition, in [3], two power boosting types which are related to two different transmission architectures have been proposed. 
· Type 1: power can only be transferred between REs in the same port, which is used by analog beamforming 
· Type 2: power transfer between different ports for the same RE, which is used by digital and hybrid beamforming 
Type 2 is a common structure where power sharing among different layers could be achieved. For Type 1, as a special structure, where each layer is connected to a PA, power can’t be transferred among different layers. Therefore, power boosting only relates to the number of PT-RS ports. In our opinion, the two power boosting types have to be supported for different gNB implementations. Therefore, for each PT-RS port, there are four possible power boosting cases by combining the above power boosting schemes and types. The PDSCH to PTRS EPRE ratio per layer of each case is shown as 
· Scheme 1+Type 1: -10*log10(NPT-RS)[dB]
· Scheme 1+ Type 2: -10*log10(NPDSCH)-10*log10(NPT-RS)[dB]
where NPDSCH is the number of PDSCH layers within its corresponding DMRS port group
· Scheme 2+ Type 1:  -10*log10(NPT-RS)[dB]
· Scheme 2+ Type 2: -10*log10(N’PDSCH) [dB]
where N’PDSCH is the number of PDSCH layers. According to Table 4.1-2, the case Scheme 2+Type-2 is not included.  We propose to modify the PT-RS power boosting table to support all these four cases. Moreover, for CSI-RS power boosting in LTE, there is 6dB power boosting restriction considering EVM performance. Referring to Table 4.1-2, some power boosting values are above 6 dB. RAN 1 should send LS to RAN4 to confirm whether such restriction is still applied to PT-RS power boosting. If so, those values larger than 6 dB should be revised to 6 dB.
Proposal 1: For PT-RS power boosting, the scenarios of multi-panel, multi-TRP, analog/digital/hybrid beamforming and their combinations should all be supported. PDSCH EPRE to PT-RS EPRE table should be modified as
Table 4.1-2: PDSCH EPRE to PT-RS EPRE per layer per RE for PT-RS port i
	epre-RATIO-i
	PDSCH-to-PT-RS EPRE ratio

	00
	
-10*log10()-10*log10(NPT-RS)

	01
	-10*log10(NPT-RS)

	10
	
-10*log10()

	11
	Reserved



where is the number of total DMRS ports of PDSCH.
Proposal 2: RAN 1 should send LS to RAN4 to confirm whether the 6dB restriction is applied to PT-RS power boosting.

· Power boosting of UL PT-RS
In Subclause 6.2.3.2 (page 70) in TS 38.214[1], PT-RS power boosting for codebook based full coherent uplink is described as:
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In [4], PT-RS power boosting for non-coherent case and partial coherent case has been proposed, where the power boosting values relates to specified UL codebook structure. For the non-coherent case and the partial coherent case with rank <4, the power boosting value is 0dB since there is no layer multiplexing on the same antenna. For the partial coherent case with rank=4, two layers shares the same antenna, which results in 3dB power boosting value. Considering the power constraint of each antenna, these power boosting values are reasonable from our perspective. Following this proposal, it is challenging to specify the power boosting values for the non-codebook based UL transmission. Due to the flexible UE implementation, the exact precoder used by the UE is not clear, which results in multiple power boosting possibilities. For example, in the case of two layers transmission, each layer could be transmitted by a separate antenna, or the two layers are sharing the same two antennas, which results in different power boosting values. However, since PT-RS targets for phase tracking, where only the phase variation is required during phase noise estimation, the accurate power information seems not necessary. In this way, the power boosting for non-codebook based UL transmission could be left as UE implementation. Otherwise, if gNB needs to know the power boosting value for further channel estimation purpose, two alternatives could be used:
· Alt-1: For non-codebook based UL transmission, UE reports the accurate PT-RS power boosting value 
· Alt-2: For non-codebook based UL transmission, the PT-RS power boosting value is fixed to be 0dB
For Alt-1, after SRI and DMRS ports having been informed by DCI, UE could determine the accurate PT-RS power boosting value, which could then be carried by PUSCH and multiplexed with UL data during UL transmission. Considering Alt-2, instead of an inadequate power boosting value configured to the UE, 0dB power boosting could be applicable to all the UL transmission cases. Moreover, for above 6GHz, non-coherent UL transmission seems more general. In this way, the 0dB power boosting may be applied to most of the scenarios.
Proposal 3: For non-codebook based UL transmission, the PT-RS power boosting could either be left as UE implementation or adopt one of the two alternatives
· Alt-1: For non-codebook based UL transmission, UE reports the accurate PT-RS power boosting value 
· Alt-2: For non-codebook based UL transmission, the PT-RS power boosting value is fixed to be 0dB

· PT-RS association
In Subclause 5.1.6.3 (page 22) in TS 38.214[1], for DL PT-RS, it is described that:
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In RAN1 NR AH-1701 meeting, it was agreed to support grouping of DMRS ports:
Agreements:
· Support DMRS ports grouping, and DMRS ports within one group are QCL-ed, and DMRS ports in different groups are non-QCLed.
· FFS the grouping principle, e.g. grouping DMRS according to CWs, analog beams, etc.
· FFS the signalling method of QCL indication, e.g., RRC, MAC CE, DCI, etc.
· Study RS for performing estimation of large scale properties of channel (E.g., Doppler shift/Doppler spread/delay spread)
· QCL supports following functionalities
· Beam management functionality: at least including spatial parameters
· Frequency/timing offset estimation functionality: at least including Doppler/delay parameters
· RRM management functionality: at least including average gain
· Others are not precluded

If one PTRS port is transmitted for two scheduled DMRS port groups, as the highlighted part above, the UE may assume the PT-RS port is associated to two DM-RS port(s) groups. However, referring to the association explanation in the following, the PT-RS port and the DL DM-RS port(s) within the associated DL DM-RS port group are assumed to be quasi co-located with respect to {delay spread, Doppler spread, Doppler shift, average delay, spatial Rx parameters}. This implies that the DMRS ports within the two DMRS port groups could be QCLed, which is in conflict with the above agreement on definition of DMRS port group saying that DMRS ports with different groups are non-QCLed. Therefore, in this case, the PT-RS port should only be associated with one DMRS port group. We propose that the PT-RS port should be associated with the DMRS group, which includes the lowest indexed DMRS port assigned for the codeword with the higher MCS. 
Proposal 4: If one PT-RS port is transmitted to a UE and the UE is scheduled with DM-RS ports from two DM-RS port groups, the UE may assume the PT-RS port is associated with one DMRS port group, which includes the lowest indexed DMRS port assigned for the codeword with the higher MCS.

In the case of non-codebook based UL, if more than one SRIs are indicated in DCI, a PT-RS port should be mapped to a unique DMRS port. Similar as codebook based UL, the most straightforward way is to inform the associated DMRS port explicitly, and such DMRS port is assigned to the SRS resource with the strongest channel quantity. A separate DCI field could be used for the PT-RS port(s) indication, with its bitwidth varies from 0 to 2 bits taking into account the number of SRS resources, maximum rank supported, the number of PT-RS ports and whether PT-RS is present. Another alternative is to jointly encode PT-RS port(s) indication and SRI indication. Taking Table 1 for example, the DMRS port assigned for the first SRI value (in the SRI(s) column) is associated with PT-RS port 1, and if PT-RS port 2 is required, the DMRS port assigned for the second SRI value (in the SRI(s) column) is associated with PT-RS port 2. Thus, the DCI overhead could be saved when PT-RS is present, e.g. 1bits could be saved when NSRS=2 and NSRS=3 with a single PT-RS port.

Table 1: SRI indication for non-codebook based PUSCH transmission, 
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The channel quantity of each SRS resource is known by gNB during channel measurement and the mapping exists between indicated SRI(s) in the UL grant and the scheduled DMRS port(s). If PT-RS port has to be mapped to the DMRS port having the lowest port index among DMRS ports having the same PT-RS port index, it will result in a large SRI or DMRS indication table. Namely, to guarantee the PT-RS port being transmitted on the strongest layer, given one SRI indication, the DMRS ports should be assigned in an order that the DMRS port with the lowest port index is always assigned to the strongest SRS resource. Or given the scheduled DMRS port(s), the SRI(s) should be indicated in an order that the SRI of the strongest SRS resource is always mapped to the DMRS port with the lowest port index. Such ordering requirement greatly increases the number of SRI indication states or the number of DMRS ports assignment states. Therefore, we propose that for non-codebook based UL transmission, the PTRS port(s) and the associated DMRS port(s) are indicated explicitly in the DCI.
Proposal 5: For non-codebook based UL transmission, the PTRS port(s) and the associated DMRS port(s) are indicated explicitly in the DCI.

Since LI is related to RI, from the CSI payload saving perspective, the bitwidth of LI could be determined according to the following two alternatives:
· Alt-1: The bitwidth of LI depends on the maximum RI allowed
· Alt-2: The bitwidth of LI depends on the reported RI
For Alt-1, the bitwidth of LI is decided by the allowed maximum number of layers of one codeword considering rank restriction. For example, if only rank 2 and rank 6 are allowed, the maximum number of layers of one codeword is 3, then the bitwidth of LI is 2. Alt-2 is possible to achieve lower LI payload, e.g. the bitwidth of LI is 1 when RI=2 is reported for the above case. Considering CSI reporting, if LI is reported in CSI part1, Alt-1 should be supported due to its constant payload. But if LI is reported in CSI part2, Alt-2 seems better for its lower payload.
Proposal 6: If LI is reported in CSI part1, the bitwidth of LI depends on the maximum RI allowed. Otherwise, it depends on the reported RI.

Another issue is about the definition of PT-RS association. In NR, there are two kinds of associations defined for PT-RS, i.e. one PT-RS port is associated with one DMRS port and also is associated with one DMRS port group. For PT-RS port and DMRS port group association, it is explained in the spec that the PT-RS port and the DL DM-RS port(s) within the associated DL DM-RS port group are assumed to be quasi co-located with respect to {delay spread, Doppler spread, Doppler shift, average delay, spatial Rx parameters}. However, there is no explicit explanation for PT-RS port and DMRS port association. Considering no PT-RS is transmitted on the layers with those non-associated DMRS ports within the DMRS ports group, such port association clarification is needed, which implies that the channel over which the PT-RS port is conveyed is the same as the channel over which the associated DMRS port is conveyed. In this way, the phase noise value could be accurately estimated by PT-RS and its associated DMRS port. Then the estimated phase noise value could be used to compensate for the channel estimation by DMRS ports within the associated DMRS ports group. We propose to explicitly give the association definition in the spec. 
Proposal 7: Clarify in the spec that for PT-RS port and DMRS port association, the channel over which the PT-RS port is conveyed is the same as the channel over which the associated DMRS port is conveyed.

Conclusions
In this contribution, we discussed the remaining issues on PT-RS and provide some corrections of specifications. We propose that:

Proposal 1: For PT-RS power boosting, the scenarios of multi-panel, multi-TRP, analog/digital/hybrid beamforming and their combinations should all be supported. PDSCH EPRE to PT-RS EPRE table should be modified as
Table 4.1-2: PDSCH EPRE to PT-RS EPRE per layer per RE for PT-RS port i
	epre-RATIO-i
	PDSCH-to-PT-RS EPRE ratio

	00
	
-10*log10()-10*log10(NPT-RS)

	01
	-10*log10(NPT-RS)

	10
	
-10*log10()

	11
	Reserved



where is the number of total DMRS ports of PDSCH.
Proposal 2: RAN 1 should send LS to RAN4 to confirm whether the 6dB restriction is applied to PT-RS power boosting.
Proposal 3: For non-codebook based UL transmission, the PT-RS power boosting could either be left as UE implementation or adopt one of the two alternatives
· Alt-1: For non-codebook based UL transmission, UE reports the accurate PT-RS power boosting value 
· Alt-2: For non-codebook based UL transmission, the PT-RS power boosting value is fixed to be 0dB
Proposal 4: If one PT-RS port is transmitted to a UE and the UE is scheduled with DM-RS ports from two DM-RS port groups, the UE may assume the PT-RS port is associated with one DMRS port group, which includes the lowest indexed DMRS port assigned for the codeword with the higher MCS.
Proposal 5: For non-codebook based UL transmission, the PTRS port(s) and the associated DMRS port(s) are indicated explicitly in the DCI.
Proposal 6: If LI is reported in CSI part1, the bitwidth of LI depends on the maximum RI allowed. Otherwise, it depends on the reported RI.
Proposal 7: Clarify in the spec that for PT-RS port and DMRS port association, the channel over which the PT-RS port is conveyed is the same as the channel over which the associated DMRS port is conveyed.
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