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1 Introduction

In this paper, we provide text proposals to correct errors/inaccuracies in the current specs [1]

 REF _Ref509925906 \r \h 
[2], as well as our views on several remaining issues of PTRS. The evaluation assumptions are aligned with [3]

 REF _Ref497118475 \r \h 
 \* MERGEFORMAT [4], with specific choices given along with the results. The two phase noise models in [4] are denoted as PN-EX1 and PN-EX2, respectively.
2 Corrections to current specs
2.1 Text proposals for 211
2.1.1 Erroneous sequence mapping for PTRS for DFTs
In email discussion after RAN1#92, the phase shifting of PTRS for DFT-s-OFDM has been mistakenly updated, i.e., the variable m in the exponential operator in subclause 6.4.1.2.1.2 has been changed as m’. It appears the proponent of this change assumed this as a typo and the editor accepted this change without further checking. 

Technically, this change will break the pi/2 BPSK property when PTRS is used together with pi/2 BPSK PUSCH and hence lead to PAPR degradations. Procedure-wise, this issue has been discussed intensively in previous meetings and explicit agreements were made as below. For these reasons, the spec should be changed back to reflect the previous agreement and such a technical/non-editorial change should not be made till further agreement is achieved. 
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
Agree to the following text proposal for section 6.4.1.2.1.2 of TS38.211

· If transform precoding is enabled, the phase-tracking reference signal rm(m’) to be mapped in position m before transform precoding, where m depends on the number of PT-RS groups NgroupPTRS, the number of samples per PT-RS group Nsampgroup, and   MscPUSCH according to Table 6.4.1.2.2.2-1, shall be generated according to
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where the pseudo-random sequence c(i)  is defined in clause 5.2.1, and w(i)  is given by Table 6.4.1.2.1.2-1.

· Note: The editor is respectfully asked to crosscheck and harmonize the PUSCH pi/2 BPSK generation in clause 5.1.1 to ensure that pi/2 BPSK property is maintained in transitions between PUSCH and PTRS samples

To reflect the previous discussions/agreements, we propose the following text proposal. 
Proposal 1: Agree on the following text proposal:
	Text proposals for TS 38.211 v15.0.0 Section 6.4.1.2.1.2
< Unchanged parts are omitted >

 If transform precoding is enabled, the phase-tracking reference signal 
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< Unchanged parts are omitted >
Note: The editor is respectfully reminded that to reflect previous agreement, m’ inside the exponential operator is changed back to m, and it is put there to ensure pi/2 BPSK property in transitions between PUSCH and PTRS samples (i.e., not a typo). 


2.1.2 Missing definition in resource mapping for DL PTRS
For resource mapping of DL PTRS, definition of 
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 is missing, and we propose to add it.

Proposal 2: Agree on the following text proposal:
	Text proposals for TS 38.211 v15.0.0 Section 7.4.1.2.2
< Unchanged parts are omitted >

For the purpose of PT-RS mapping, the resource blocks allocated for PDSCH transmission are numbered from 0 to 
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 from the lowest scheduled resource block to the highest. The corresponding subcarriers in this set of resource blocks are numbered in increasing order starting from the lowest frequency from 0 to 
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 is given by Table 7.4.1.2.2-1 for the DM-RS port associated with the PT-RS port according to clause 5.1.6.2 in [6, TS 38.214]. If the higher-layer parameter DL-PTRS-RE-offset is not configured, the column corresponding to '00' shall be used.
-
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 is the RNTI associated with the DCI scheduling the transmission
-
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< Unchanged parts are omitted >


2.2 Text proposals for 214

2.2.1 Inaccuracy in power boosting for UL PTRS
It was agreed in RAN1#92 that for codebook-based UL transmission, when two UL PTRS ports are used, their EPREs are the same. We tend to think this agreement is not rigorously written, and the original intention is to say that the power ratio between PTRS and PUSCH is the same for the two PTRS ports. In this sense, it is unnecessary to have the subscript 
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 to distinguish the power scaling factor for the two PTRS ports. In addition, the parameter name of PUSCH-to-PTRS power ratio used for describing the power scaling factor is wrong. To be specific, a superscript of “PUSCH” should be added. To refine specs, we propose the follow text proposal:
Proposal 3: Agree on the following text proposal:
	Text proposals for TS 38.214 v15.0.0 Section 6.2.3.1
< Unchanged parts are omitted >

For codebook based uplink transmission, when the UE is scheduled with Qp={1,2} PT-RS port(s) in uplink and the number of scheduled layers is 
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If the UE is configured with higher layer parameter UL-PTRS-power, the PUSCH to PT-RS power ratio per layer per RE 
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 is shown in the Table 6.2.3.1-3 according to the higher layer parameter UL-PTRS-power, the PT-RS scaling factor 
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and also on the ULCodebookSubset according to [7, TS 38.212].

-
The UE shall assume UL-PTRS-power is set to state “00” in Table 6.2.3.1-3 if not configured.

< Unchanged parts are omitted >


2.2.2 Inaccuracy in power boosting for DL PTRS
The title of Table 4.1-2 in Section 4.1 of 38.214 is inaccurate, as 
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 is the EPRE ratio of PTRS to PDSCH per layer, not the other way around. And there is no need to mention “per RE”, as it is contained in the definition of EPRE already. To refine the specs, we propose the following text proposal. 
Proposal 4: Agree on the following text proposal:
	Text proposals for TS 38.214 v15.0.0 Section 4.1
< Unchanged parts are omitted >

Table 4.1-2: PT-RS-to-PDSCH EPRE ratio to PT-RS EPRE per layer per RE for PT-RS port i (
[image: image29.wmf]i

PTRS

,

a

) 
PDSCH-to-PT-RS EPRE ratio epre-RATIO for PT-RS port i
The number of PDSCH layers within the DMRS port group containing DMRS port associated with the PT-RS port i, (
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< Unchanged parts are omitted >


3 Remaining issues to be addressed
3.1 PTRS time density when UCI is scheduled without UL-SCH
When UCI is scheduled without UL-SCH, if the modulation order is indicated by a reserved MCS, mapping PTRS on every symbol or every second symbol regardless of the modulation order was proposed as one solution. Such solution will lead to a large PTRS overhead, reduced data rate or increased code rate, and hence degraded throughput/detection performance, especially for QPSK transmission. Assuming the same TBsize, this effect is illustrated in Figure 1, i.e., the performance difference between blue/red and black curves. To reduce the performance loss, we propose to use the maximum non-reserved MCS index with the same modulation order as the reserved MCS to determine the presence/time-density of PTRS.
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Figure 1 SE loss for having PTRS with highest time density for QPSK/16QAM transmission
Proposal 5: When UCI is scheduled on PUSCH but without UL-SCH, if the modulation order is indicated by a reserved MCS, support using the maximum non-reserved MCS index with the same modulation order as the reserved MCS to determine the presence/time-density of PTRS.
3.2 PTRS power boosting for non-codebook based transmission

As for PTRS power boosting for non-codebook based transmission, in our view, the simplest solution is to reuse the same scheme as coherent codebook-based transmission, i.e., to determine the PUSCH-to-PTRS power ratio based on the number of PUSCH layers only. 

Proposal 6: The PUSCH-to-PT-RS power ratio for non-codebook based UL transmission is determined based on the number of PUSCH layers only.
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