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1. Introduction
At the RAN1 #90bis, we have reached the following agreements on PT-RS [1]:
	The contents of R1-1718998 are agreed
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


In this contribution, we provide our views on remaining issue on PT-RS. This contribution is updated from R1-1720809 in Sec. 2.5. 
2. Views on remaining issue on PT-RS
2.1. Power boosting
In order to enhance the phase noise compensation accuracy, power boosting of PT-RS port compared with associated DM-RS port is effective. Power boosting of PT-RS port is defined relative to the power of associated DM-RS port. The power boosting of single port case for the uplink is still FFS. Figure 1 shows the example of the power boosting of PT-RS port under the different configurations: DM-RS port is FDM-ed or CDM-ed. As shown in the figure, the applicable case of PT-RS port power boosting compared with associated DM-RS port is that the non-FDM-ed (CDM-ed) DM-RS ports exist in SU-MIMO. UE can’t know whether PT-RS port power boosting is applied or not. However, since PT-RS is only utilized for phase compensation, no need to know the power boosting ratio at the receiver side. Thus, power boosting of PT-RS port can be applied without additional signaling. Based on the discussion, we made the following proposal.
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(a) SU-MIMO, 2 DM-RS ports (FDM), 1 PT-RS port
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(b) SU-MIMO, 2 DM-RS ports (CDM), 1 PT-RS port
Fig. 1 Example of the PT-RS port power boosting.

Proposal 1:
· PT-RS port power boosting can be achieved by implementation when 1 PT-RS port is configured. 

2.2. PT-RS mapping in time domain
PT-RS mapping for the case where PT-RS and the other RSs (e.g., CSI-RS) collide is not discussed. If PT-RS insertion density is not every symbol (i.e., every 2nd or every 4th symbols), and PT-RS RE is punctured due to collision between PT-RS and the other RSs, PT-RS insertion density becomes larger as shown in fig. 2. 
[image: ]
Fig. 2  PT-RS puncturing (PT-RS density is every 4th symbol)

In this case, performance degradation is occurred due to sparse PT-RS insertion density in time domain. In order to avoid this issue, we can consider two candidates as shown in figs. 3 and 4. 
Alt. 1: Additional PT-RS insertion
Alt. 2: PT-RS shifting in time domain. 
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          (a) Backward insertion          (b) Forward insertion
Fig. 3  Alt. 1 (Additional PT-RS insertion)
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          (a) Backward shifting          (b) Forward shifting
Fig. 4  Alt. 2 (PT-RS shifting in time domain)

Comparing two alternatives, required insertion density cannot be achieved in alt. 1. As for alt. 2, if optimum shifting direction can be selected, required insertion density can be achieved (Forward shifting is optimum in fig. 8). However, it may complicate to determine OFDM symbols to multiplex PT-RS. Thus, we made the following proposal. 
Proposal 2:
· If PT-RS is punctured, PT-RS shifting in time domain can be supported.

2.3. Frequency density
In the previous meeting, the following working assumption on predefined table for PT-RS density in frequency domain was made [2].
Working assumption:
· PT-RS frequency density table for 60 and 120 kHz SCS
· The listed BW thresholds are only for the predefined (default) table.
· As agreed before, the BW thresholds (N_RBi, i=1,…) in this predefined table can be replaced by RRC configuration 
· If frequency density is 1/n, then every n:th RB in the scheduled BW carry a PTRS port
· FFS on RB location offset in steps of one RB
	Contiguous Scheduled BW
	Frequency density (1/n)

	NRB < [3 or 1]
	No PT-RS

	[3 or 1]≤  NRB < [5]
	[1]

	[5]≤  NRB < [10]
	[1/2]

	[10]≤  NRB < [15]
	[1/3]

	[15]≤ NRB
	1/4


· FFS; the case of non-contiguous resource allocation
· FFS: bracketed values to be decided

In this table, no PT-RS can be configured for small scheduled bandwidth. Thus, even if higher MCS is configured with small scheduled bandwidth, PT-RS cannot be allocated and performance degradation may be occurred. Thus, even for the small scheduled bandwidth, PT-RS mapping should be supported. On the other hand, if PT-RS is unnecessary for lower MCS in small scheduled bandwidth, the support of multiple frequency density value in small scheduled bandwidth is one of the candidate solutions (i.e., no PT-RS for QPSK and 16QAM, and density 1 for 64QAM).   
Proposal 3:
· For PT-RS frequency density table, “no PT-RS” should not be supported at least for higher MCS. 

2.4. Time density for DFT-s-OFDM
In the previous meeting, the following agreements were made [1].
Agreement:
For chunk-based pre-DFT PTRS insertion for DFTsOFDM with X chunks of size K={2,4}, support the following
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 whether thresholds are MCS dependent

In this table, PT-RS density is decided only by scheduled BW. Even if higher MCS is configured with small scheduled bandwidth, PT-RS is allocated in low density and performance degradation may be occurred. Thus, PT-RS mapping dependent on MCS should be supported. For instance, PT-RS mapping is decided by combination of scheduled BW and MCS. 
Proposal 4:
· For DFT-s-OFDM, PT-RS density table dependent on MCS should be supported. 
2.5. PT-RS for non-slot-based scheduling
In the previous meetings, discussion about PT-RS design mainly focused on 14 symbol slot case. We also have to design the PT-RS for non-slot based which has length from one to slot length – 1 symbol(s). For simplicity, common PT-RS structure between slot based and mini-slot based transmission, e.g., same PT-RS pattern, same association table for PT-RS pattern, is preferable. However, in non-slot-based scheduling, TBS (transport block size) of data may be small compared with 14 symbol slot transmission, and the optimum thresholds of association table for PT-RS pattern may be different due to the coding gain degradation. For example, if same time density of PT-RS for slot-based is reused that for non-slot-based, the overhead becomes relatively large. In order to resolve this problem, PT-RS density should be changed depending on the number of symbols in a slot. Followings are some candidates to realize the flexibility.
    Alt. 1: Introduce two separate RRC parameters for non-slot-base and slot-based in order to turn on/off PT-RS.
    Alt. 2: Presence of PT-RS (PT-RS on/off) is switched by the number of symbols in one slot/mini-slot. The threshold which decides presence of PT-RS is configured by a RRC signaling). 
    Alt. 3: Presence (on/off) of PT-RS is configured for each number of symbols in one slot/mini-slot.
   Alt. 2 or 3 seems to be a good candidate considering the trade-off between signaling overhead and flexibility. Therefore, we made the following proposal. 
Proposal 5:
· Presence of PT-RS (on/off) should be switched depending on the number of symbols in one slot/mini-slot. 
3. Summary
In this contribution, we presented our views on remaining issue on PT-RS, and then made the following proposals. 
Proposal 1:
· PT-RS port power boosting can be achieved by implementation when 1 PT-RS port is configured. 
Proposal 2:
· If PT-RS is punctured, PT-RS shifting in time domain can be supported.
Proposal 3:
· For PT-RS frequency density table, “no PT-RS” should not be supported at least for higher MCS. 
Proposal 4:
· For DFT-s-OFDM, PT-RS density table dependent on MCS should be supported. 
Proposal 5:
· [bookmark: _GoBack]Presence of PT-RS (on/off) should be switched depending on the number of symbols in one slot/mini-slot. 
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