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Introduction
In this contribution, we present our proposals to maintain the PT-RS related sections in the Release 15 standards.  
PT-RS time domain density for PUSCH with UCI only
In the last meeting, the following working assumption has been agreed [1]
	Working assumption:
Support variable time density LPT-RS for UCI-only PUSCH where information (e.g. MCS) in DCI is used to determine LPT-RS.


Since the MCS of the UCI-only PUSCH case may vary from BPSK to higher modulations, it is natural to support variable PT-RS time domain density depending on the MCS (modulation order and/ or coding rate) rather than a fixed density, as in the PUSCH slots containing regular data. Therefore, we propose to confirm this working assumption.
Proposal 1: Comfirm the working assumption to support variable PT-RS time domain density for UCI-only PUSCH.
To support the variable PT-RS time domain density, we have considered the following design options:
1. Determine the PT-RS time density based on the MCS of the UCI-only PUSCH, e.g. based on the Table 1, where the thresholds ptrs-ModOrder are configured by RRC signalling;
2. Joinly decide the PT-RS density and PUSCH modulation order based on the code rate calculated at the UE. Details on how to calculate the code rate can be found in our submission [2].
3. Based on the code rate calculated at the UE, find the closest MCS in the corresponding PUSCH MCS table (Table 6.1.4.1-1 in 38.214 for DFT-sOFDM, and Table 5.1.3.1-2 in 38.214 for CP-OFDM) with its code rate higher than the calculated code rate; and then determine the PT-RS time density based on Table 6.2.3-1 in 38.214.
	[bookmark: _Hlk497926106]Scheduled Modulation Order
	
Time density ()

	IMCS < ptrs-ModOrder1 
	PT-RS is not present

	
ptrs- ModOrder1  IMCS < ptrs- ModOrder2
	4

	
ptrs- ModOrder2  IMCS < ModOrder3
	2

	
ModOrder3  IMCS < ModOrder4
	1


Table 1. PT-RS time domain density as a function of the Modulation Order in Option 1.
Since the determination of the PT-RS density relates to UE specific PN property, it appears that Option 1 and 2 requires additional overhead for UE to report its recommendation of PT-RS density, and for gNB to configure the thresholds in the mapping table. Therefore, we prefer Option 3 which reuses the existing mechanism, and does not require extra overhead.
Proposal 2: Support Option 3 to determine PT-RS time domain density for UCI-only PUSCH.
DC Location Signaling & PT-RS RE-level offset
In previous RAN1 meetings, the followings are agreed related to the DC Location Signaling and RE-level offset of a PTRS subcarrier:
	In RAN1 NR#1:
Agreements:
· Handling of transmitter DC subcarrier at the transmitter
· DL
· UE may assume transmit DC subcarrier at the transmitter (gNB) side is modulated i.e., data is neither rate-matched nor punctured.
· Signal quality requirement (e.g., EVM) corresponding to DC subcarriers is up to RAN4.
· UL
· Transmit DC subcarrier at the transmitter (UE) side is modulated i.e., data is neither rate-matched nor punctured.
· Signal quality requirement (e.g., EVM) corresponding to DC subcarriers is up to RAN4.
· The transmitter DC subcarrier at the transmitter (UE) side should avoid collisions at least with DMRS if possible
· The specification should define at least one particular subcarrier as the candidate position of DC subcarrier, e.g., DC subcarrier is located at the boundary of PRBs
· This should be considered in the RS design for NR
· Specify means for the receiver to determine DC subcarrier location
· This involves semi-static signalling from UE and also standard specified DC subcarrier location
· FFS how to determine and how to indicate DC subcarrier location in the case of bandwidth adaptation
· Note that above DC subcarrier can be interpreted as DC subcarrier candidate

In RAN1 #90bis:
The contents of R1-1718998 are agreed
· 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

In RAN1 #91:
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

	



As agreed in the previous meetings, one of the main purposes of configuring PTRS-RE-offset is to avoid collision with a direct current (DC) tone. However, since the DC tone location is totally up to the implementation of UE in NR, the DC tone location needs to be reported to the network beforehand. The DC tone location is determined based on UE’s RF configuration, and may vary for each configured BWP, particularly when each BWP has different center frequency. For some implementations of UEs, the DC tone location may be fixed within a CC and only the relative position of the DC tone within a BWP may change depending on the BWP configuration. In this light, we believe that the unit of DC location reporting can be a BWP.
Proposal 3: UE reports DC location per BWP (either DL or UL) when a BWP is either added or released in RRCReconfigurationComplete message.
In relation to the DC tone location report, the UE can send the subcarrier index with respect to a reference point, e.g., common RB0, or the ARFCN. However, when the number of configured CCs and BWPs is very large, this may result in a very large signalling overhead. By noting that the application of DC tone location is limited to PT-RS offset determination, the network may not need the absolute DC tone location within a wide band, but the minimum necessary information information will be the DC tone location within an RB. Therefore, we can make the following proposal.
Proposal 4: For DC location indication, a 4-bit indicator is used. The value of the indicator is mapped to a row index in the following table.
	Index
	DC subcarrier location in RB

	0
	0

	⁞
	⁞

	11
	11

	12
	Don’t care

	13
	Nondeterministic

	14
	Reserved

	15
	Reserved



Note that, in addition to the subcarrier location between 0 and 11, we have other entries, e.g., row index 12 and 13, in the table above. In particular, index 12 indicates ‘Don’t care’, which can be used when the DC tone is outside the bandwidth of interest, i.e., BWP. Also, index 13 indicates ‘Nondeterministic’; this can be used when the DC tone sits within a BWP, but the location varies fast due, e.g., by fast frequency hopping, and cannot be specified by a single location.
UL power boosting for non-codebook based transmission
In a previous meeting the following power boosting rule has been agreed for the codebook based UL transmission [3]:
	Agreement
· For codebook based UL transmission, the following table is used for UL PTRS power boosting

	UL-PTRS-power/
	Full coherent
	Partial coherent
	Non-coherent

	
	

	

	


	
	1
	2
	3
	4
	1
	2
	3
	4
	1
	2
	3
	4

	00
	0
	3
	4.77
	6
	0
	Q
	Q
	Q+3
	0
	Q
	Q
	Q

	01
	0
	3
	4.77
	6
	0
	3
	4.77
	6
	0
	3
	4.77
	6

	10
	reserved
	reserved
	reserved

	11
	reserved
	reserved
	reserved






As for the non-codebook UL transmission, it would be difficult to find a rule that fits well for all the scenarios, as the choice of precoders is up to UE implementation, and not known by gNB. For instance, assume that we enforce a UE to perform the power boosting based on the rule for full coherent codebook case regardless of its choice of precoders for non-codebook based case. In this case, if 2 non-coherent ports are selected for a UL transmission, and a non-coherent type codebook is applied, then the power level at each PA of two ports may still be different from PT-RS symbols to the non-PTRS symbols. Therefore, we propose to leave the power boosting in non-codebook based UL transmission up to UE implementation.
If a rule has to be fixed for the non-codebook based case, we prefer to apply the same rule as in the non-coherent non-codebook case; as the rule works well with the partial coherent and non-coherent type precoders, at least up to 2 PUSCH layers; and even if a full-coherent type precoder is selected, the difference of power between the PT-RS and non-PT-RS symbols is bounded as follows. For instance, assuming one PT-RS tone per 24 tones, which is the highest frequence density supported for UL, and a full-coherent type precoder for 2 PUSCH layers, the different of power between the PT-RS and non-PT-RS symbols is still

Therefore, we have the following proposal: 
Proposal 5: Leave the power boosting for non-codebook based UL transmission to UE implementation; or alternatively, select the same rule for non-coherent codebook based case for non-codebook based case, if it is necessary to fix a rule.
Conclusions
Proposal 1: Comfirm the working assumption to support variable PT-RS time domain density for UCI-only PUSCH.
Proposal 2: Support Option 3 to determine PT-RS time domain density for UCI-only PUSCH.
Proposal 3: UE reports DC location per BWP when a BWP is either added or released in RRCReconfigurationComplete message.
Proposal 4: For DC location indication, a 4-bit indicator is used. The value of the indicator is mapped to a row index in the following table.
	Index
	DC subcarrier location in RB

	0
	0

	⁞
	⁞

	11
	11

	12
	Don’t care

	13
	Nondeterministic

	14
	Reserved

	15
	Reserved



Proposal 5: Leave the power boosting for non-codebook based UL transmission to UE implementation; or alternatively, apply the same rule for non-coherent codebook based case for non-codebook based case, if it is necessary to fix a rule.
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