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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
In Subclause 4.1 (page 8) in TS 38.214[1], the power boosting for DL PT-RS is described by:
 (
 When the UE is scheduled with N
PTRS
 PT-RS ports in downlink and the PT-RS port 
i
 is associated to 
DM-RS ports, 
-
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
 (
) is given by
, [dB]
where
 
 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
 (
) 
PDSCH-to-PT-RS EPRE ratio
The number of DM-RS ports associated to PT-RS port 
i
, (
)
1
2
3
4
5
6
00
0
3
4.77
6
7
7.78
01
0
0
0
0
0
0
10
R
eserved
11
R
eserved
)

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(NPDSCH) [dB]
where NPDSCH 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 transfer between RE 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 
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.
Further, in the case of two PT-RS ports for multi-TRP, each PT-RS port may be assigned to a TRP with different transmission architecture. Therefore, the power boosting value may be different for different PT-RS ports. Then it is reasonable to configure the RRC parameter epre-RATIO for each PT-RS port individually.

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: The RRC parameter epre-RATIO should be assigned per PT-RS port.

In Subclause 5.1.6.3 (page 22) in TS 38.214[1], for DL PT-RS, it is described that:
 (
 -
If the number of DL PT-RS ports associated to a 
TCI-state
 in DCI is set to 2, the 
scheduled 
umber of PT-RS ports is 2, and each PT-RS port is associated with the corresponding DM-RS port group, and the UE does not expect to be scheduled with one DM-RS port group
.
-
A
 
D
L 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}
-
The 
first
PT
-RS antenna port is associated with the lowe
st
 indexed DM-RS antenna port among the DM-RS antenna ports assigned for 
the first DMRS port group.
 
The second 
PT-RS antenna port is associated with the lowe
st
 indexed DM-RS antenna port among the DM-RS antenna ports assigned for 
the second DMRS port group.
)

If a UE is scheduled with two codewords, it is possible that one DMRS port group includes the DMRS ports assigned for two codewords. According to the following agreements in RAN1#90bis, the corresponding PT-RS antenna port should be associated with the lowest indexed DMRS port assigned for the codeword with the higher MCS within the DMRS port group. Thus in this scenario, the highlighted sentence is not aligned with the agreement, which needs to be revised.
Agreements:
· For CP-OFDM, antenna port (AP) configuration 
· Same as DL, support at least up to 2 UL PTRS ports in Rel-15 
· If one PTRS port is configured for a DMRS port group for two CWs transmission, the PT-RS port is associated with the lowest DMRS port index among the DMRS ports assigned for the CW with higher MCS 
· If MCS of the 2 CWs are the same, CW 0 is selected 

Proposal 3: If one DMRS port group includes the DMRS ports assigned for two codewords, PT-RS antenna port should be associated with the lowest indexed DMRS port assigned for the codeword with the higher MCS within the DMRS port group.

In Subclause 5.1.6.3 (page 23) in TS 38.214[1], for DL PT-RS, it is described that:
 (
If the number of DL PT-RS ports associated to a 
TCI -state
 in DCI is set to 1, the number of PT-RS port is 1
-
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 to two DM-RS port groups
 and
 the PTRS port is shared among the two DMRS port groups
.
-
If one DL PT-RS port is transmitted for two scheduled DL DM-RS port groups, 
the PT-RS port and the DM-RS port(s) which are not in the associated DM-RS port group are assumed to be quasi co-located with respect to {Doppler spread, Doppler shift}
. Otherwise, 
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}
.
-
I
f a UE is scheduled with one codeword, the PT-RS antenna port is associated with the lowe
st
 indexed DM-RS antenna port among the DM-RS antenna ports assigned for the PDSCH
.
-
I
f a UE is scheduled with two 
codewords
, the PT-RS antenna port is associated with the lowe
st
 indexed DM-RS antenna port among the DM-RS antenna ports assigned for the codeword with the higher MCS. If the MCS indices of the two 
codewords
 are the same, the PT-RS antenna port is associated with the lowest indexed DM-RS antenna port assigned for the codeword 0
.
)

There is no agreement that one PT-RS port could be associated with two DMRS port groups (highlighted). If so, the QCL assumption between PT-RS and these two DMRS port groups as described above, does not make sense, because the DM-RS port(s) which are not in the associated DM-RS port group do not exist. Therefore, in this case, the PT-RS port should only be associated with one DMRS port group. Referring to the above agreements, 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 Subclause 6.3.1.1.2 (page 40) in TS 38.212[4], the LI reporting is defined as follows:
 (
Table 
6.3.1.1.2-3
:
 
RI
, LI,
 and CQI
 
of 
CodebookType
=
TypeI-SinglePanel
Field
Bitwidth
2 antenna ports
4 antenna ports
>4 antenna ports
R
ank
1~4
Rank5~8
Rank Indicator
Layer Indicator
1
2
2
2
Wide-band CQI
4
4
4
8
Subband
 differential CQI
2
2
2
4
If
 the higher layer parameter
 
Num
ber
_CQI
 is not configured or 
Num
ber
_CQI
=1, 
 in Table 6.3.1.1.2-3 
is the number of allowed rank indicator values in the 4 LSBs of 
the higher layer parameter 
TypeI
-
SinglePanel
-RI-Restriction
 according to 
s
ection X.X [6, TS38.214]
;
 
o
therwise 
 in Table 6.3.1.1.2-3 
is the number of allowed rank
 indicator values according to 
s
ection X.X [6, TS38.214].
 
)
After the email discussion, a working assumption on LI reporting is achieved: 
Agreements:
·  (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

From Table 6.3.1.1.2, for 4 antenna ports and above, bitwidth of the separated LI field is fixed to 2 considering the maximum number of layers of one codeword. Since LI is related to RI and it has been agreed that the RI payload depends on rank restriction, it is more reasonable to support that the LI payload also depends on rank restriction, which is beneficial to save the CSI payload. In this way, 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. If up to rank 2 are allowed, the bithwidth of LI is 1.
Proposal 5: Support that the LI payload depends on rank restriction.

Another issue is about the definition of PT-RS association. In NR, 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. Such association 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 estimated by PT-RS could be used to compensate for the channel estimation by DMRS. Our preference is to explicitly give the association definition in the spec. 

Proposal 6: Support 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.

In Subclause 7.4.1.2.2 (page 65) in TS 38.211[5], the DL PT-RS subcarrier mapping is given in Table 7.4.1.2.2-1:
 (
Table 
7.4.1.2.2-1
: The 
parameter 
 .
DM-RS antenna port
DM-RS Configuration type 1
DM-RS Configuration type 2
D
L-PTRS-RE-offset 
D
L-PTRS-RE-offset 
00
01
10
11
00
01
10
11
1000
0
2
6
8
0
1
6
7
1001
2
4
8
10
1
6
7
0
1002
1
3
7
9
2
3
8
9
1003
3
5
9
11
3
8
9
2
1004
-
-
-
-
4
5
10
11
1005
-
-
-
-
5
10
11
4
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The similar tables are also given in Subclause 5.1.6.3 (page 23) in TS 38.214[1] by Table 5.1.6.3-3 and Table 5.1.6.3-4, which are shown as follows. Our preference is to remove these two tables from TS 38.214 since PT-RS subcarrier mapping is related to the RS pattern. 

Table 5.1.6.3-3: PTRS-RE-offset for DMRS configuration type 1
	PTRS-RE-offset
	
Sub-carrier index for PT-RS ()for the associated DMRS port

	
	DMRS port 
1000
	DMRS port 
1001
	DMRS port 
1002
	DMRS port 
1003

	00
	0
	2
	1
	3

	01
	2
	4
	3
	5

	10
	6
	8
	7
	9

	11
	8
	10
	9
	11




Table 5.1.6.3-4: PTRS-RE-offset for DMRS configuration type 2
	PTRS-RE-offset
	
Sub-carrier index for PT-RS () for the associated DMRS port

	
	DMRS port 
1000
	DMRS port 
1001
	DMRS port 
1002
	DMRS port 
1003
	DMRS port 
1004
	DMRS port 
1005

	00
	0
	1
	2
	3
	4
	5

	01
	1
	6
	3
	8
	5
	10

	10
	6
	7
	8
	9
	10
	11

	11
	7
	0
	9
	2
	11
	4



Proposal 7: For DL PT-RS subcarrier mapping, remove Table 5.1.6.3-3 and Table 5.1.6.3-4 from TS 38.214.

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: The RRC parameter epre-RATIO should be assigned per PT-RS port.
Proposal 3: If one DMRS port group includes the DMRS ports assigned for two codewords, PT-RS antenna port should be associated with the lowest indexed DMRS port assigned for the codeword with the higher MCS within the DMRS port group.
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: Support that the LI payload depends on rank restriction.
Proposal 6: Support 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.
Proposal 7: For DL PT-RS subcarrier mapping, remove Table 5.1.6.3-3 and Table 5.1.6.3-4 from TS 38.214.
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