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Introduction
During the RAN1 #90bis meeting, the following agreements on the design of PT-RS were achieved [1].
Agreements: The contents of R1-1718998 are agreed
Density tables for CP-OFDM
· 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
Antenna ports
· 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
Sequences
· 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
Frequency mapping position
· 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
Power boosting
· 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 (RRC signaling is possible)
· 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
Symbol mapping
· 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 bandwidth
	Number of PT-RS groups (X)
	Number of samples 

per PT-RS group (K)

	NRB0 
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NRB < NRB1
	2
	2

	NRB1 
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 NRB <  NRB2
	2
	4

	NRB2 
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 NRB <  NRB3
	4
	2

	NRB3 
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 NRB <  NRB4
	4
	4

	NRB4 
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 NRB
	[Y]
	4


· 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 [image: image7.png]


NRB5, and Yx4 applies for NRB [image: image9.png]


 NRB5
In this contribution, we discuss and present our views on the remaining open issues on PT-RS design.  
2
PT-RS Configuration and Signaling
As agreed in RAN1 #89, a baseline operation, the dynamic presence of PT-RS, when enabled by RRC configuration, in downlink/uplink transmission is implicitly determined at receiver based on user/group-specific QCL assumption of DM-RS port with PDSCH/PUSCH, carrier frequency, sub-carrier-spacing (SCS) and scheduled PRB as well as MCS configuration. By leveraging of this information, UE/gNB can derive antenna port specific PT-RS pattern association rules without additional signalling information. 

Such baseline operation can be complemented on-need-basis, by optional complementing UE-specific explicit signalling in DCI. Though there could be multiple purpose to use this explicit/dynamic configuration, one important case is for UL synchronization purpose. Unlike DL, there is no fixed reference signal to provide enough time/frequency estimates in UL. PT-RS can be used as an complementary reference signal for UL synchronization, and this can be triggered by explicity DCI signaling regardless of pre-defined PT-RS configuration. Especially for UL, 1 bit PT-RS present bit is included in UL DCI to turn-on/off PT-RS transmission. 
Based on the above discussion we make the following observations and proposals:

Proposal 1: At least for UL for both CP-OFDM and DFT-s-OFDM, NR supports explicit indication of PT-RS transmission regardless of default configuration for the purpose of time/frequency synchronization support. 
3
On PT-RS power boosting
We have agreed to support PT-RS power boosting in case of multiple PT-RS ports are scheduled. However, we haven’t reach to the agreement about the case that multiple DMRS ports are associated to one PT-RS. The simple way is to use an implicit mapping as a function of the number of DMRS ports. The PT-RS power scale factor (
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) can be scaled up by the number of DMRS ports associated to the PTRS. And, this can be used as an default option. 

However, if DMRS ports are partially QCLed, though it is possible to be associated to one PTRS, the power transfer may not be guaranteed. In this case, only partial antenna ports can join power borrowing. This is related to antenna implementation (e.g. fully connected or partially connected etc). In this case, separate RRC signaling can be used for indicating possible PTRS power boosting ratio, and this can override the default option.

RRC configured parameter (
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) can be considered as the maximum power boosting ratio, 
First, in UL codebook based transmission, if the codebook has zero 

There have been discussions on possible power boosting options of PT-RS at the previous meeting. However, because PT-RS has been agreed to be frequency multiplexed with data, PT-RS power boosting is not always possible. Such cases are valid only when multiple TRPs/panels are involved to the transmission and antenna virtualization is possible to be used. However,  PT-RS power boosting is not always applicable. If the DM-RS antenna port associated with PT-RS is derived from multiple layers, then the involved layers can be used for PT-RS power boosting. However, the available number of layers are not always the same, we cannot specify the value. Thus, it is preferable to accept PT-RS power boosting implementable but not specify the exact value at least for DL. 

In addition, as the RAN1 #90b agreement, power borrowing between REs muted for orthogonal PTRS multiplexing should be also used.

Then, following equation can be used for calculating power scale factor for i-th PTRS (
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Proposal 2: PT-RS power scale factor (
[image: image18.wmf]PTRS

a
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4
On PT-RS Sequence

Though we have agreed to use repetition for PT-RS sequence for CP-OFDM, the repetition sequence performs worse when stron interference is received from the other TRPs. Because PT-RS can be used for estimating phase noise as well as  time/frequency offset, time-correlation should be estimated. In this case, without time domain random sequence, interference signal is difficult to be mitigated. 

Thus, we propose to use PN sequence for generating PT-RS sequence. The sequence can be generated from Length-31 Gold sequence defined in LTE, as  
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where the pseudo-random sequence 
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 is defined in clause 5.2.1 in 38.211, and m is the symbol index in a radio frame. We can initialize the sequence with the function of cell ID and subcarrier index e.g. 
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The same sequence can be used for PT-RS for DFT-s-OFDM.
Proposal 3: NR support PN sequence for PT-RS for both CP-OFDM and DFT-s-OFDM
5
PT-RS patterns for DFT-s-OFDM 
In the previous agreement, we have several FFS on design and process of PT-RS for DFT-s-OFDM.
Default pattern before RRC configuration

First, as a defulat pattern, in order to apply for small allocation size, minimum PT-RS density is recommended, and we propose to use 2x2 pattern. 

Proposal 4: UE shall assume Number of PT-RS groups and Number of samples per PT-RS group are set to 2 before RRC configuration.

Value of Y larger than 4 
Because the number of chunks (X) is more related to the diversity gain, and X=4 is large enough. Our evaluation in [2] shows that no meaningful gain is achieved from larger number of chunks larger than 4. Thus, we don’t see any big gain from larger X than 4.
Proposal 5: No further PT-RS density is supported other than agreed patterns in RAN1 #90bis. 

6
Conclusions

The proposals made in this paper are summarized as follows: 

Proposal 1: At least for UL for both CP-OFDM and DFT-s-OFDM, NR supports explicit indication of PT-RS transmission regardless of default configuration for the purpose of time/frequency synchronization support. 
Proposal 2: PT-RS power scale factor (
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Proposal 3: NR support PN sequence for PT-RS for both CP-OFDM and DFT-s-OFDM

Proposal 4: UE shall assume Number of PT-RS groups and Number of samples per PT-RS group are set to 2 before RRC configuration.

Proposal 5: No further PT-RS density is supported other than agreed patterns in RAN1 #90bis. 
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