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1. Introduction
At the RAN1#91 meeting, we have reached the following agreements concerning PT-RS discussion [1]:
	Agreement
The RE-level offset is implicitly associated with the index of the DMRS port that is associated with the PTRS port. Work offline on the details for a WF 
The RRC parameter “PTRS-RE-offset” indicates a PTRS subcarrier within the subset of subcarriers used by a DMRS port. Work offline on the details for a WF.
Agreement
Reuse the PTRS design of NCP for ECP
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. 
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
Introduce RRC parameter “PTRS-RE-offset” consisting of 2bits for indication of a PTRS subcarrier within the subset of subcarriers used by the associated DMRS port
Agreement
· The first table is for DMRS configuration type 1 and second table is for DMRS configuration type 2
· Note: It is up to the editor to capture this agreement in the specification
	PTRS-RE-offset by RRC
	Sub-carrier index for PT-RS

	
	DMRS port 1000
	DMRS port 1001
	DMRS port 1002
	DMRSport 1003

	00
	0
	2
	1
	3

	01
	2
	4
	3
	5

	10
	6
	8
	7
	9

	11
	8
	10
	9
	11



	PTRS-RE-offset by RRC
	Sub-carrier index for PT-RS

	
	DMRS port 1000
	DMRSport 1001
	DMRSport 1002
	DMRSport 1003
	DMRSport 1004
	DMRSport 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


· It is up to the editor how to capture this agreement
Agreement
RRC parameter is introduced to configure the PDSCH to PTRS EPRE ratio per PTRS port
Two bits 
If PDSCH to PTRS EPRE ratio per PTRS port is not configured for downlink, this parameter is set to the default value
FFS: Default value
RRC parameters are introduced to configure the UL PTRS power boosting factor per PTRS port
Two bits
Applicable only for CP-OFDM
Note: The symbols with or without PTRS have the same power
Agreement
For CP-OFDM in DL and UL and unless configured by higher layer parameters, the RE-level offset is implicitly associated with the index of the DMRS port that is associated with the PTRS port as follows

	DMRS port for DMRS config Type 1
	1000
	1001
	1002
	1003

	RE-level offset
	0
	2
	1
	3



	DMRS port for DMRS Type 2
	1000
	1001
	1002
	1003
	1004
	1005

	RE-level offset
	0
	1
	2
	3
	4
	5


· It is up to the editor how to capture this agreement
Agreement
For UL CP-OFDM with intra-slot frequency hopping,
in each hop, 
on the subcarrier S where PTRS is mapped,
the PTRS symbols in the hop are obtained by repeating the first front-loaded DMRS symbol on subcarrier S in the hop
where the DMRS symbol is taken before applying FD-OCC
Slides 5 and 6 in R1-1721637 is agreed with the specific values in the table as working assumption
Agreement
PTRS RB-level offset:
 for DL broadcast-type traffic, if PTRS is supported
 for DL and UL UE-specific data
Where  
N_RB is the number of scheduled resource blocks
Agreement 
For chunk size K=2, support the following insertion pattern 
· The samples in DFT domain are divided in X intervals, and the chunks are located in the middle of each interval (n=floor(M/(2X))-1))
Agreement
The pseudo random sequence used as PTRS BPSK sequence has X*K samples and is generated by the same length-31 Gold sequence generator used for other RSs in NR, initialized with the same c_init formula as for PDSCH DMRS but using the UE specific parameter nDMRS-CSH-Identity-Transform-precoding as the scrambling ID. 
Note: The nDMRS-CSH-Identity-Transform-precoding is a UE specific parameter used for ZC DMRS sequence generation
Note: Time index l in c_init formula for PDSCH DMRS (if any) is set to the time index of the first DFTsOFDM symbol containing PTRS in the slot and is used for all symbols in a slot which carry PTRS

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
Agreement
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 time density of the PTRS port corresponding to the CW with lower MCS should be set as the same as that of the PTRS port corresponding to CW with higher MCS when two PTRS ports are active
Agreement
· The number of DL PTRS ports is higher layer configured per TCI state for PDSCH transmission in the higher layer parameter DL-PT-RS-ports
· If the number of DL PTRS ports associated to the TCI in DCI is 2,  the number of PTRS ports is 2, and the each PT-RS is associated with the corresponding DMRS port group, and UE does not expect to be scheduled with one DMRS port group and such TCI state
· If the number of DL PTRS ports associated to the TCI in DCI is 1,  the number of PTRS port is 1, the phase tracking association follow the previous agreements
· If one PTRS port is transmitted and the scheduled DMRS ports are from two DMRS port groups, UE may utilize the PTRS port for phase tracking for PDSCH layers corresponding to DMRS ports in the  two DMRS port groups (i.e., the PTRS port is shared among the two DMRS port groups)
· For 2-symbol non-slot scheduling, PTRS is not transmitted/received if the time domain density is smaller than 1 when configured present
· For 4-symbol non-slot scheduling, PTRS is not transmitted/received if the time domain density is equal to ¼ when configured present
· If the last N MCS entries are reserved (no coding rate or modulation order or TBS is given), where N is 3 for MCS table with up to 64QAM  and N is 4 for MCS table with up to 256QAM, support the following
· For adaptive retransmissions, when the scheduled MCS > V, where V = 28 for MCS table with up to 64QAM and V = 27 for MCS table with up  to 256QAM, the time-density of PTRS is determined based on the MCS of initial transmission, which is smaller than or equal to V
Agreement
· A DL PTRS port and the DL DMRS port(s) within the associated DL DMRS port group are QCLed w.r.t {delay spread, Doppler spread, Doppler shift, average delay, spatial Rx parameters}
· If one DL PTRS port is transmitted for two scheduled DL DMRS port groups, the 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} and FFS: spatial QCL parameters
Agreement
· For non-codebook based UL transmission, the UL PTRS port index is associated to each SRS resource.
· For partial-coherent and non-coherent codebook based UL transmission, if the higher -layer parameter UL-PTRS-ports is 2, the actual UL PTRS port(s) and the associated transmission layer(s) are derived from indicated TPMI with the following rule:
· SRS port 0 and 2 in indicated TPMI share PTRS port 0,
· SRS port 1 and 3 in indicated TPMI share PTRS port 1.
· UL PTRS 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;
· UL PTRS 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;
· Up to 2-bit indicator is used in uplink grant where bit 1 is used for x and bit 2 is used for y


In this contribution, we provide our views on the remaining details on the PT-RS design.
2. Views on remaining details for PT-RS design
2.1. PT-RS for before RRC configuration
In the e-mail discussion, necessity of PT-RS before RRC configuration was discussed but agreement was not reached. Before RRC configuration, it is important to maintain basic connection with low-order modulation (e.g., QPSK). According to simulation results [2, 3], when low-order modulation is applied, the effect of phase noise compensation is not fully obtained, since the impact from phase noise is relatively smaller. On the contrary, PT-RS degrades spectrum efficiency due to increased overhead. Additionally, before RRC configuration, the following is agreed in the previous meeting [1]. 
Agreement
For slot-based broadcast/multicast PDSCH and unicast PDSCH/PUSCH before RRC configuration, use two additional 1-symbol DMRS, with location of additional DMRS indicated in PDCCH following the agreed DMRS locations for unicast PDSCH/PUSCH after RRC configuration.

Additional DM-RSs can be also used for phase noise compensation, and two additional DM-RSs are enough for low-order modulation. 
Therefore, we made the following proposal.
Proposal:
· Before RRC configuration, PTRS is not used. 
3. Summary
In this contribution, we presented our views on remaining details on PT-RS, and then made the following proposals. 
Proposal:
· Before RRC configuration, PTRS is not used. 
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