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1
Introduction
A series of the specifications have been endorsed as the first NR specification during RAN #78 meeting[1], but there are still several missing points and errors to be corrected. In this contribution, we provided the comments and corrections on the PT-RS in the endoesed TS38.211[2], TS38.212[3] and TS38.214[4].
2
CRs in TS38.211 
We have proposed some missing and editorial comments on PT-RS. In addition, we are proposing to change of the previous agreement on PT-RS port mapping for DFT-s-OFDM. 

During RAN1 #91, we have agreed as working assumption to use C-RNTI mod K for mapping PT-RS sequence to CDMed ports. However, C-RNTI has serious problem of scheduling restriction because it cannot guarantee the one-to-one mapping of PT-RSs and corresponding PT-RS resources. 

Working Assumption
OCC is applied onto the BPSK sequence before pi/2 modulation as r’’(n)=w(n)r’(n), where w(n) is the X times repetition of a length K OCC which is determined based on C-RNTI mod K
· OCC is drawn from a Hadamard matrix of order K

Because we cannot use FDM multiplexing of PT-RS ports of multiple UEs if transform precoding is applied, we have agreed to use CDM for PT-RS port multiplexing. The easiest way is to use DMRS antenna port number instead of C-RNTI, which is signalled via DCI. Thus, we are proposing to change the previous agreement with the following update. 
Proposal 1: Use DMRS port number instead of C-RNTI for PT-RS port mapping if transform precoding is applied.

Table 6.4.1.2.1.2-1: The orthogonal sequence 
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================================= Text Proposal ===============================
6.4.1.2
Phase-tracking reference signals for PUSCH
6.4.1.2.1
Sequence generation

6.4.1.2.1.1
Sequence generation if transform precoding is not enabled

If transform precoding is not enabled, the phase-tracking reference signal for subcarrier 
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 is the demodulation reference signal given by clause 6.4.1.1.2 

-
at position 
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at position 
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 is the antenna port associated with PT-RS transmission according to clause 6.2.3 of [38,214]

6.4.1.2.1.2
Sequence generation if transform precoding is enabled

If transform precoding is enabled, the phase-tracking reference signal 
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where the pseudo-random sequence 
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 is given by Table 6.4.1.2.1.2-1. The pseudo-random sequence generator shall be initialized with
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where 
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 is the lowest OFDM symbol number in the PUSCH allocation in slot 
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 that contains PT-RS according to clause 6.4.1.2.2.2 and
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  is given by the higher-layer parameter nDMRS-CSH-Identity-Transform-precoding. 

Table 6.4.1.2.1.2-1: The orthogonal sequence 
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6.4.1.2.2
Mapping to physical resources

6.4.1.2.2.1
Mapping to physical resources if transform precoding is not enabled

The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the procedure in [6, TS 38.214] indicates phase-tracking reference signals being used.

The PUSCH PT-RS shall be mapped to physical resources according to
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when all the following conditions are fulfilled
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 is within the OFDM symbols allocated for the PUSCH transmission
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Resource elements declared as ‘reserved’ according to clause 4.4.3 shall be counted in the mapping process but not used for transmission.

The quantity 
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 is an amplitude scaling factor to conform with the transmit power specified in clause 6.2.2[6, TS 38.214].

< Unchanged parts are omitted >
6.4.1.2.2.2
Mapping to physical resources if transform precoding is enabled
The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the procedure in [6, TS 38.214] indicates phase-tracking reference signals being used.

The sequence 
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 are the complex-valued symbols in OFDM symbol 
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 before transform precoding according to Section 6.3.1.4
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 is the ratio between amplitude of one of the outermost constellation points for the modulation scheme used for PUSCH and one of the outermost constellation points for π/2-BPSK as defined in clause 6.2.3 of [TS38.214]  and 
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< Unchanged parts are omitted >
7.4.1.2
Phase-tracking reference signals for PDSCH

7.4.1.2.1
Sequence generation

The phase-tracking reference signal for subcarrier 
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 is the demodulation reference signal given by clause 7.4.1.1.2 at position 
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7.4.1.2.2
Mapping to physical resources

The UE shall assume phase-tracking reference signals being present only in the resource blocks used for the PDSCH, and only if the procedure in [6, TS 38.214] indicates phase-tracking reference signals being used.

If present, the UE shall assume the PDSCH PT-RS being mapped to physical resources according to


[image: image66.wmf]k

p

l

k

r

a

PTRS

)

,

(

,

b

m

=


when all the following conditions are fulfilled
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 is within the OFDM symbols allocated for the PDSCH transmission

-
resource element 
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The quantity 
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 is an amplitude scaling factor to conform with the transmit power specified in clause 4.1 of [6, TS 38.214].

The set of time indices 
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For the purpose of PT-RS mapping, the resource blocks allocated for PDSCH transmission are numbered from 0 to 
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< Unchanged parts are omitted >
3
CRs in TS38.214
In this section, we provide our comments on the following, and several editorial comments. 

· Power scaling factor (
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): Update with the same terminology used in TS38.211, and add missing description on UL part

· Though higher layer parameter UL-PTRS-EPRE-ratio has been agreed, it is missed in RRC parameter, and this should be inculde in PUSCH-config { Uplink-PTRS-Config }. 
================================= Text Proposal ===============================
4.1
Power allocation for downlink 

The gNodeB determines the downlink transmit energy per resource element. 

< Unchanged parts are omitted >
When the UE is scheduled with NPTRS PT-RS ports in downlink and the PT-RS port i is associated to 
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if the UE is configured with the higher layer parameter epre-RATIO, the ratio of PDSCH EPRE to PT-RS EPRE per layer per RE for PT-RS port i (
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 is as shown in the Table 4.1-2 according to the epre-RATIO
-
the UE shall assume epre-RATIO is set to state ‘00’ in Table 4.1-2 if not configured. 

Table 4.1-2: PDSCH EPRE to PT-RS EPRE per layer per RE for PT-RS port i (
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	PDSCH-to-PT-RS EPRE ratio
	The number of DM-RS ports associated to PT-RS port i, (
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	1
	2
	3
	4
	5
	6

	00
	0
	3
	4.77
	6
	7
	7.78

	01
	0
	0
	0
	0
	0
	0

	10
	reserved

	11
	reserved


< Unchanged parts are omitted >
6.2.3
UE PT-RS transmission procedure

< Unchanged parts are omitted >
For partial-coherent and non-coherent codebook based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI and/or TRI in DCI format 0_1.

-
if the UE is configured with the higher -layer parameter UL-PTRS-ports set to 2, the actual UL PT-RS port(s) and the associated transmission layer(s) are derived from indicated TPMI as:

-
SRS port 0 and 2 in indicated TPMI share PT-RS port 0, and SRS port 1 and 3 in indicated TPMI share PT-RS port 1.

-
UL PT-RS 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, and UL PT-RS 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, where [x] and/or [y] are given by DCI parameter PTRS-DMRS association as shown in DCI format 0_1 described in Subclause 6.2.3 of [5, TS38.212].
The PT-RS scaling factor
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 specified in Subclause 6.4.1.2.2.1 of [4, TS 38.211] is determined by the number of associated DM-RS ports to the PT-RS ports. When the PT-RS port is associated to 
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-
if the UE is configured with the higher layer parameter UL-PTRS-EPRE-ratio, the PTRS scaling factor (
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) is given by the Table 6.2.3-X according to the UL-PTRS-EPRE-ratio
-
the UE shall assume UL-PTRS-EPRE-ratio is set to state ‘00’ in Table 4.1-2 if not configured. 

Table 6.2.3-X: UL PT-RS scaling factor (
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	UL-PTRS-EPRE-ratio
	The number of DM-RS ports associated to PT-RS port (
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	01
	reserved

	10
	reserved
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When transform precoding is enabled and if a UE is configured with the higher layer parameter UL-PTRS-present-transform-precoding and if the higher layer parameters UL-PTRS-time-density-transform-precoding and UL-PTRS-pre-DFT-density are configured, the UE shall assume the PT-RS antenna ports’ presence and pattern are a function of the corresponding scheduled bandwidth in a corresponding bandwidth part, as shown in Table 6.2.3-3. The UE shall assume no PT-RS is present when the number of scheduled RBs is less than or equal to NRB0 if NRB0 > 0.

Table 6.2.3-3: PT-RS pattern as a function of scheduled bandwidth

	Scheduled bandwidth
	Number of PT-RS groups
	Number of samples 

per PT-RS group

	NRB0 
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NRB < NRB1
	2
	2

	NRB1 
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 NRB <  NRB2
	2
	4

	NRB2 
[image: image102.wmf]£

 NRB <  NRB3
	4
	2

	NRB3 
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 NRB <  NRB4
	4
	4

	NRB4 
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	8
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When transform precoding is enabled and if a UE is configured with the higher layer parameter UL-PTRS-present-transform-precoding, the PT-RS scaling factor 
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 specified in Subclause 6.4.1.2.2.2 of [4, TS 38.211] is determined by the scheduled modulation order as shown in table 6.2.3-4.

Table 6.2.3-4: PT-RS scaling factor (
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) when transform precoding enabled.  

	Scheduled modulation
	PT-RS scaling factor (
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	π/2-BPSK
	1

	QPSK
	1

	16QAM
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