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Introduction
During RAN1 #90bis, RAN1 captured the following agreements regarding PTRS [1]
Agreement:
· If DL-PTRS-present/UL-PTRS-present is enabled, 
· When PTRS is present, one PTRS port is present in every OFDM symbol and every 2nd RB unless DL/UL density tables are configured by RRC
· Note: This can in specification be achieved by specifying ptrsthMCS1 = ptrsthMCS2 = ptrsthMCS3 and ptrsthRB2 = ptrsthRB4 = Inf for these pre-defined values respectively
· PTRS is not present in DL if MCS < ptrsthMCS1DL or BW < ptrsthRB0DL, where default values of ptrsthMCS1DL and ptrsthRB0DL are to be decided at RAN1#90b or RAN1#91 the latest
· PTRS is not present in UL if MCS < ptrsthMCS1UL or BW < ptrsthRB0UL, where default values of ptrsthMCS1UL and ptrsthRB0UL are to be decided at RAN1#90b or RAN1#91 the latest
· RRC configuration of thresholds in density tables:
· UE is configured with two sets of thresholds M={ptrsthMCSj,j=1,2,3,4} and R={ptrsthRBn,n=0,2,4}, independently per BWP, using dedicated RRC signaling for UL and DL respectively
· UE capability signalling of thresholds
· A UE capability signals a recommended {M,R} for UL and DL respectively
· The recommended {M, R} are expected to the larger than the predefined values

Agreement:
· 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
· For CP-OFDM, support UE to report the desired maximum number of UL PTRS ports as UE capability and report the preferred DL layer, in case of 2 CW, report the preferred DL layer within the CW with higher CQI in UCI
· Note: The maximum number of UL PTRS ports can reflect the number of oscillators at this UE
· For UL codebook-based transmission, when one PTRS port is configured, support gNB to indicate to UE in the UL grant which DMRS port is associated with the PTRS port
· UE is not expected to be configured/scheduled with DMRS with TD-OCC and PTRS in the same slot in case of above 6 GHz

Agreement:
· For CP-OFDM, after determining the subcarrier where PTRS is mapped, support repeating the modulated sequence symbol on the associated first front-loaded symbol of DMRS port taken at the subcarrier for which the PT-RS is mapped as the modulated symbol for PTRS, before applying FD-OCC.
· For DFT-s-OFDM, support using pi/2 BPSK PTRS sequence
· Support boosting the amplitude of pi/2 BPSK PTRS for DFT-s-OFDM to the same level as outermost constellation points of the corresponding PUSCH (including pi/2 BPSK PUSCH)
· Support applying additional OCC within each PTRS chunk for DFT-s-OFDM

Agreement:
· Support a RB-level offset for selecting RBs among the scheduled RBs for mapping PTRS, and the offset is implicitly determined by UE-ID (i.e., C-RNTI).
· Support implicit derivation the RE-level offset for selecting subcarrier for mapping PTRS within a RB from one or more parameters (e.g. associated DMRS port index, SCID, Cell ID, to be decided in RAN1#91)
· This can be used at least for avoiding collision with DC tone
· In addition, an RRC parameter “PTRS-RE-offset” is also supported that explicitly indicates the RE-level offset and replaces the implicit offset, at least for avoiding collision with DC tone

Agreement:
· For UL, the transmission power for the symbols with and without PTRS should be kept the same when more than 1 PTRS port is configured
· Support power borrowing for PTRS from muted REs when more than 1 PTRS port is configured
· Note: Other power boosting scheme for UL PTRS can be further discussed
· FFS: single PTRS port case
· At least for DL SU-MIMO scheduling, the EPRE ratio between PTRS and PDSCH is by default implicitly indicated by the number of scheduled PTRS ports for the UE
· The default EPRE ratio is 0dB for 1 PTRS port case and 3dB for 2 PTRS port case
· Other combinations including EPRE up to 6dB are allowed by RRC configuration of association between number of DL PTRS ports and EPRE ratios

Agreement:
· For CP-OFDM and DFT-s-OFDM, when PTRS is present, the PTRS mapping pattern starts at the first symbol containing PDSCH/PUSCH in the slot and then maps to every L_{PT-RS} symbol
· The PTRS mapping pattern is restarted at each symbol containing DMRS and then mapped to every L_{PT-RS}:th symbol relative to this symbol.
· In case of two adjacent DMRS symbols, the PTRS pattern is restarted using the second of the two DRMS symbols as a reference. 
· Consequently, when PTRS time density is lower than 1, the symbol right after front-loaded DMRS and the symbol right after additional DMRS (if exists) does not contain PTRS
· The PT-RS according to the mapping pattern is not transmitted in OFDM symbols that contains PDSCH/PUSCH DMRS 
· The PT-RS according to the mapping pattern is not transmitted in RE that overlaps with a configured CORESET 

Agreement:
For chunk-based pre-DFT PTRS insertion for DFTsOFDM with X chunks of size K={2,4}, support the following
For K=2, the samples in DFT domain are divided in X intervals, and the chunks are located in each interval in samples n to n+K-1  where the n is FFS
For K=4, the samples in DFT domain are divided in X intervals, where in the first interval the chunk is placed in the Head (first K samples), in the last interval the chunk is placed in the Tail (last K samples), and in the rest of intervals the chunk is placed in the middle of each of the two intervals
For PTRS for DFT-s-OFDM, support a RRC parameter « UL-PTRS-frequency-density-transform-precoding » indicating a set of thresholds T={NRBn,n=0,1,2,3,4}, per BWP that indicates the values of X and K the UE should use depending on the scheduled BW according to the table below
	Scheduled BW
	X x K

	NRB0NRB NRB1
	2x2

	NRB1 NRBNRB2
	2x4

	NRB2NRBNRB3
	4x2

	NRB3NRBNRB4
	4x4

	NRB  NRB4
	Yx4


FFS default UE behaviour before RRC configuration, if needed
FFS value of Y (if different than 4)
FFS whether thresholds are MCS dependent
Note: NRB0 can be equal to 0; when NRB0 is larger than 0, no PTRS is present for allocations less than or equal to NRB0
Note: The use of a specific pattern can be disabled by setting NRBi=NRBi+1 on the corresponding line in the previous table
Possible PTRS presence/absence is configured through an RRC parameter « UL-PTRS-present-transform-precoding » 
Time-domain PTRS density is configured by an RRC parameter « UL-PTRS-time-density-transform-precoding » where supported time densities are L_{PT-RS}={1,2}
Note: Time-domain pattern depends on DM-RS positions using the same principle as agreed for CP-OFDM PTRS mapping
FFS: Whether to introduce (K=1, X=16) and the impacts on existing design. If supported, K={1,2,4} is supported and the following applies
The samples in DFT domain are divided in X intervals, and the chunks (K=1) are located in the middle of each interval
(K=1, X=16) applies when NRB4<NRB NRB5, and Yx4 applies for NRB  NRB5

Design aspect of the PT-RS for downlink
2.1 Relationship between PT-RS port and DMRS port group
In RAN1 #90bis meeting, it was agreed to support RE-level offset for selecting subcarrier for mapping PTRS within a RB by implicit derivation. The implicit derivation method such as associated DMRS port index, SCID, Cell ID is FFS. 
Figure 1 shows an example on PT-RS mapping to lowest DMRS port index. In this figure, we assumed that gNB configured DMRS port #1 to UE. Then there are 6 opportunities in a RB for PTRS allocation, {1,3,5,7,9,11}-th subcarrier index. The simplest way to allocate PTRS port to subcarrier is use highest/lowest index of subcarrier.



Figure 1. Example on PTRS mapping to lowest DMRS port index

Although allocating PT-RS to the lowest/highest subcarrier index is the simple, the inter-cell interference between PT-RS and PT-RS can be occurred. Figure 2 shows an example on interference occurred from neighbour cell. When each gNB configure DMRS port #1 in a DMRS group, PT-RS from each cell would have same subcarrier index. In addition, in previous meeting, the PT-RS power boosting is agreed. It is obvious that performance of phase tracking is more decreased with inter-cell interference between PT-RS and PT-RS compared to the interference between PT-RS and data. By using the PT-RS RE-level offset, the inter-cell PT-RS interference can be reduced. In other words, if the PT-RS of each neighbouring cell is allocated with different subcarrier index, the only inter-cell interference between PT-RS and data is occurred. 



Figure 2. Interference between PT-RS and PT-RS 

As an implicit way, PT-RS can be allocated by estimated cell ID. As each cell may have its unique cell ID, cell ID may be different between neighbouring cells. PT-RS can have RE-level offset of subcarrier index according to its cell ID. Figure 3 shows an example on PT-RS allocation based on detected cell ID RE-level offset. In figure 3, we can see that PT-RS(s) are allocated on different subcarrier index by cell ID based RE-level offset so that interference between PT-RS from neighbouring cell can be avoided without additional signalling overhead. For example, the PT-RS subcarrier index of each cell can be determined as follows:

where  is a subcarrier index of each cell,  is a cell ID and  is a number of possible PT-RS subcarrier index. In figure 3, since the DM-RS port #1 have 6 REs, there are 6 possible PT-RS subcarrier index, i.e., .

Figure 3. PT-RS allocation by detected cell ID based RE-level offset 

 As another implicit way, PT-RS can be allocated by another UE specific parameter such as SCID. Compared to the cell ID based PT-RS allocation, UE specific parameter based PT-RS allocation may have same PT-RS subcarrier index neighbouring cells. In order to avoid same PT-RS subcarrier index, the PT-RS allocation information should be shared between neighbouring cells. It may increase the network overhead. In other words, it is difficult to avoid interference between PT-RS from neighbouring cell based on UE specific parameter.
Proposal 1: For the case of single PTRS port mapping, to determine which subcarrier is used for PT-RS mapping in RB, detected cell ID based PT-RS mapping should be supported.

Figure 4 shows an example on multiple PT-RS port mapping to lowest DMRS port index. In figure 4, if PT-RS port #1 is associated with DM-RS port #1/#2 and PT-RS port #2 is associated with DM-RS port #3/#4, there is no ambiguity for PT-RS ports sub-carrier index since the DM-RS port #1/#2 and DM-RS port #3/#4 have different sub-carrier location. However, if PT-RS port #1 is associated with DM-RS port #1 and PT-RS port #2 is associated with DM-RS port #2, there is an ambiguity since DM-RS port #1 and DM-RS port #2 have same sub-carrier location. For resolving this ambiguity, the PT-RS can be allocated to the lowest subcarrier among subcarriers related to lowest DMRS ports index on where PT-RS is not transmitted.
Proposal 2: For the case of multiple PTRS port mapping, to determine which subcarrier is used for PT-RS mapping in RB, detected cell ID based PT-RS mapping should be supported.


Figure 4. Two PT-RS ports allocation by detected cell ID based RE-level offset
2.2 PTRS mapping in frequency domain
It has been agreed that a RB-level offset for selecting RBs among the scheduled RBs for mapping PTRS, and the offset is implicitly derived from UE-ID (i.e., C-RNTI). However, the rules to map C-RNTI to a specific RB offset value are not identified. When configuring different RB offset for different UE, which needs to be differentiable via UE ID, the following multiple to one mapping problem might occur. Basically, RB offset has limited options, e.g., for RB offset with FD 1/2, RB offset can only be 0 or 1. However, UE specific configuration parameters, e.g., C-RNTI, have much more options. Possible mapping rule from C-RNTI to RB offset can be defined as 

.

Proposal 3: C-RNTI to RB offset mapping should be decided as and
-FFS: Methods to avoid multiple C_RNTI mapping to a single RB offset.
2.3 PTRS configuration per BWP
It has been agreed that the following PTRS parameters need to be configured via RRC. 
•	Frequency Density for CP-OFDM in both DL and UL 
•	Time Density for CP_OFDM in both DL and UL
•	Time Density and PTRS chunk size for DTF-s-OFDM
Each one of these parameters could be a structure of multiple parameters that controls the presence and density of PT-RS as a function of scheduled BW and/or MCS. Moreover, these parameters need to be configured for each BWP. Different BWP could have different subcarrier spacing and above parameters could be relevant to subcarrier spacing although it is not necessary to configure them differently in such a case. The simplest and easiest way is to configure each BWP separately. Considering the agreement that up to 4 BWPs can be configured, the RRC payload for configuring these parameters could be quadrupled if 4 BWPs are configured. The payload could be significant even for RRC configuration. 
Based on the fact that the PTRS configuration is not always different for different BWP, here we propose some offset RRC configuration approaches for multiple BWPs, where PTRS is configured for the default BWP via RRC but for the rest of the BWPs, only the difference between one BWP and the default BWP is configured via RRC to reduce RRC payload for PTRS configuration.
Proposal 4: RRC signalling overhead reduction is needed for PTRS configuration per BWP and offset configuration should be considered.   
Discussion on pre-DFT PT-RS insertion for DFT-s-OFDM
2. 
3. 
3.1. Chunk based distribution vs. non-chunk based distribution
In previous meeting, it was agreed that chunk size K can be {2, 4}. The chunk size K and number of chunk X can be determined depending on the scheduled RB. K=1 is FFS.
There is discussion for chunk-based distribution with non-chunk based distribution for pre-DFT PT-RS insertion as shown Figure 5. 
[image: ]
Figure 5 Example on non-chunk-based and chunk-based distribution in pre-DFT region
If we consider same total PT-RS samples, there is trade-off between non-chunk based and chunk-based distribution. Compared to the non-chunk based distribution, the chunk-based PT-RS insertion has more strong to noise and interference. However, the non-chunk based distribution has more accurate interpolation. In figure 5, there are 3 data samples in non-chunk based distribution while there are 5 data samples in chunk based distribution. In our simulation [2], the chunk based distribution shows similar BLER performance to non-chunk based distribution. Both the non-chunk based and chunk based distribution PT-RS can be used according to transmission environment, such as channel property, Doppler effects and SNR region. Therefore, based on the previous table, the pre-DFT PT-RS insertion can be configured with non-chunk based / chunk-based distribution as follow tables without additional threshold such as .
	Scheduled BW
	X x K

	NRB0NRB  NRB1
	2x2 / 4x1

	NRB1  NRB  NRB2
	2x4 / 8x1

	NRB2  NRB NRB3
	4x2 / 8x1

	NRB3  NRB  NRB4
	4x4 /16x1

	NRB  NRB4
	Yx4 /4Yx1



Proposal 5: NR should support both non-chunk based and chunk based distribution.

2. 
3. 
3.1. 
3.2. Design aspect of chunk-based PT-RS insertion
In previous meeting, it is agreed that the each chunk for K=2 or K=4 can be located as follows
· For K=2, the samples in DFT domain are divided in X intervals, and the chunks are located in each interval in samples n to n+K-1 where the n is FFS
· For K=4, the samples in DFT domain are divided in X intervals, where in the first interval the chunk is placed in the Head (first K samples), in the last interval the chunk is placed in the Tail (last K samples), and in the rest of intervals the chunk is placed in the middle of each of the two intervals

Figure 6 shows the examples on X=2.

[image: ]
Figure 6 Example on X=2 chunk based PTRS location in pre-DFT region
Based on simulation results [2], For K=2 and X=2, the head/tail location of DFT-s-OFDM symbols has the worst BLER performance. The other alternatives have similar BLER performance. Even if the other locations have the similar BLER performance in X=2, when we consider X=4 chunk based pre-DFT PT-RS insertion, the PT-RS location with middle of each interval can have the unified chunk allocation method for both X=2 and X=4. Also, if we consider contiguous DFT-s-OFDM symbol, the PT-RS location with middle of each interval can be obtain the better interpolation performance. 
Proposal 6: NR should support middle of each of the X equally-sized based pre-DFT PT-RS insertion with K=2 for DFT-s-OFDM.
Conclusions
This contribution discusses DL PT-RS design. The observations and proposals are as follows:
Proposal 1: For the case of single PTRS port mapping, to determine which subcarrier is used for PT-RS mapping in RB, detected cell ID based PT-RS mapping should be supported.
Proposal 2: For the case of multiple PTRS port mapping, to determine which subcarrier is used for PT-RS mapping in RB, detected cell ID based PT-RS mapping should be supported.

Proposal 3: C-RNTI to RB offset mapping should be decided as and
-FFS: Methods to avoid multiple C_RNTI mapping to a single RB offset.
Proposal 4: RRC signalling overhead reduction is needed for PTRS configuration per BWP and offset configuration should be considered.   
Proposal 5: NR should support both non-chunk based and chunk based distribution.
Proposal 6: NR should support middle of each of the X equally-sized based pre-DFT PT-RS insertion with K=2 for DFT-s-OFDM.
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