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1. Introduction
At the RAN1 NR #90 meeting, we have reached the following agreements on PT-RS [1]:
	Agreements:
· Confirm the Working assumption: 
· Support Pre-DFT PT-RS insertion for UL DFT-S-OFDM
Agreements:
· For pre-DFT PTRS insertion for DFTsOFDM
· Define for the sake of discussion the pre-DFT pattern as X chunks of K>=1 adjacent PTRS samples
· The chunk sizes K can be {1,2,Y}, values to be down-selected at RAN1#90bis 
· Y is a single value, larger than 2, FFS the exact value
· At most two K values is supported after down-selection
· FFS: configuration of K is by higher layer or implicit by DCI depending on e.g. allocation size and/or MCS 
· The supported number of chunks : X includes at least {2, Z}
· Z is larger than 2, FFS the exact value
· FFS: configuration of X is by higher layer or implicit by DCI depending on e.g. MCS 
· FFS: the exact positions of the chunks and sequence
· Note: K=1 corresponds to distributed allocation
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
Agreements:
· When one or more of PT-RS RE(s) is overlapped with CSI-RS
· The one or more overlapping PT-RS RE(s) is punctured
Agreements:
· For DL, if one PT-RS port is configured for an DM-RS port group, 
· For 1 CW case, the PT-RS port is associated with the lowest DM-RS port index among the ports assigned to the DMRS port group for PDSCH demodulation.
· For 2 CW case, down-selected between
· Alt.1: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS.
· If MCS of the 2 CWs is the same, CW 0 is selected
· Alt.2: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation (across both CWs)
· FFS: UE can provide some information to facilitate gNB to map the PT-RS port onto the layer with higher received SINR.
· FFS: information details, e.g. signaling carried by MAC-CE or UCI, UL signal e.g. SRS
· FFS: Which subcarrier to be used for PTRS mapping in RB assigned to contain PTRS
Agreements:
· PTRS is not mapped to RBs that are not scheduled for the UE
Working assumption:
· For non-consecutive scheduling, RBs are indexed among the scheduled RBs only
· For the purpose of identifying RB containing PTRS, RB indexing within scheduled RBs is common for contiguous and non-contiguous scheduling 
· Companies are encouraged to check whether or not there are significant issue(s) for the case of non-continugous scheduling taking into account PTRS density


In this contribution, we provide our views on open issue for PT-RS. 
2. Views on open issue for PT-RS
2.1. Association rule between PT-RS port and DM-RS port
In the previous meeting, the following agreements were made [1].
Agreements:
· For DL, if one PT-RS port is configured for an DM-RS port group, 
· For 1 CW case, the PT-RS port is associated with the lowest DM-RS port index among the ports assigned to the DMRS port group for PDSCH demodulation.
· For 2 CW case, down-selected between
· Alt.1: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS.
· If MCS of the 2 CWs is the same, CW 0 is selected
· Alt.2: The PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation (across both CWs)

In order to improve the phase noise compensation accuracy, PT-RS port should be associated with the DM-RS port with highest SINR. If alt. 1 is supported, PT-RS port is always associated with the DM-RS port assigned the higher MCS. On the other hand, if alt. 2 is supported and the MCS of CW 1 is higher than that of CW 0, the best precoder can’t be assigned the PT-RS port and degradation of the phase noise compensation accuracy is occurred. In order to avoid this degradation in alt. 2, the support of CW swapping is one of the candidate solutions. If CW swapping is supported, the best precoder can be applied the PT-RS port even if MCS of CW 1 is higher than that of CW 0. However, for alt. 2, gNB needs to indicate TB to CW swap flag in order to distinguish two HARQ sub-process. Therefore, we prefer to support alt. 1. 
Proposal 1:
· For DL, if one PT-RS port is configured for a DM-RS port group, for 2 CW case, the PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS. 
· If MCS of the 2 CWs is the same, CW 0 is selected

2.2. PT-RS location within one PRB
In the previous meeting, the following agreement was made [1].
Agreements:
· When one or more of PT-RS RE(s) is overlapped with CSI-RS
· The one or more overlapping PT-RS RE(s) is punctured
Agreements:
· For DL, if one PT-RS port is configured for an DM-RS port group, 
· FFS: Which subcarrier to be used for PTRS mapping in RB assigned to contain PTRS

If PT-RS collides with the other RSs such as CSI-RS, it is punctured in some cases and phase noise compensation accuracy will be degraded (if data is allocated on the symbols). In order to avoid this degradation, the collision between PT-RS and the other RSs should be avoided as much as possible. In order to reduce this collision, one of the candidate approaches is that PT-RS is located on the edge subcarrier within one PRB. On the other hand, for MU-MIMO transmission, it may be beneficial to change a subcarrier and / or PRB index, in which PT-RS is mapped in order to avoid the collision between PT-RS ports among UEs. If this hopping scheme is supported, the collision between PT-RS ports among UEs can be avoided but collision between PT-RS of own UE and data of the other UE is increased. And whether performance gain can be achieved or not by this approach is not clarified. Based on the discussion, we slightly prefer that subcarrier hopping scheme is not supported as long as clear performance gain and need is not seen.
Proposal 2:
· PT-RS is located on the edge subcarrier within one PRB. 

2.3. Power boosting of PT-RS
In the previous meeting, the following agreement was made [2].
Agreements:
· Study further whether or not to support power boosting for PT-RS considering different or same number of ports compared with DM-RS

[bookmark: _GoBack]In order to enhance the phase noise compensation accuracy, power boosting of PT-RS port compared with associated DM-RS port is effective. Here, note that power boosting of PT-RS port is defined with reference to the power of associated DM-RS port. However, the applicable case of PT-RS port power boosting is not clear. Figure 1 shows the example of the power boosting of PT-RS port under the different configurations: the number of PT-RS ports and DM-RS ports is the same or not, DM-RS port is FDM-ed or CDM-ed, and SU-MIMO is applied or MU-MIMO is applied, etc. Here, we assume MU-MIMO for DL transmission in the example (UL MU-MIMO is the same as DL SU-MIMO case from UE perspective). 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 (figure 1 (b), and (d)). However, since UE can’t distinguish between case (b) and (e) due to transparent MU-MIMO transmission, 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
[image: ]
(b) SU-MIMO, 2 DM-RS ports (CDM), 1 PT-RS port
[image: ]
(c) SU-MIMO, 2 DM-RS ports (FDM), 2 PT-RS ports
[image: ]
(d) SU-MIMO, 2 DM-RS ports (FDM), 2 PT-RS ports
[image: ]
(e) 2 UE MU-MIMO, 2 DM-RS ports per UE (CDM within UE, FDM between UEs), 1 PT-RS port per UE (non-orthogonal multiplexing between PT-RS and data)
[image: ]
(f) 2 UE MU-MIMO, 2 DM-RS ports per UE (FDM within UE, CDM between UEs), 1 PT-RS port per UE (non-orthogonal multiplexing between PT-RS among UEs)
[image: ]
(g) 2 UE MU-MIMO, 2 DM-RS ports per UE (CDM within UE, FDM between UEs), 1 PT-RS port in UE#1 (UE#2 has no PT-RS)
Fig. 1 Example of the PT-RS port power boosting.

Proposal 3:
· PT-RS port power boosting is achieved by implementation. 

2.4. PT-RS for mini-slot
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 mini-slot 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 mini-slot transmission, 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. Therefore, we made the following proposal. 
Proposal 4:
· Consider whether common PT-RS design can be applied or not between slot based and mini-slot based transmission. 

3. Summary
In this contribution, we presented our views on open issue for PT-RS, and then made the following proposals. 
Proposal 1:
· For DL, if one PT-RS port is configured for a DM-RS port group, for 2 CW case, the PT-RS port is associated with the lowest DM-RS port index among the DM-RS ports assigned for PDSCH demodulation of the CW with highest MCS. 
· If MCS of the 2 CWs is the same, CW 0 is selected
Proposal 2:
· PT-RS is located on the edge subcarrier within one PRB. 
Proposal 3:
· PT-RS port power boosting is achieved by implementation. 
Proposal 4:
· Consider whether common PT-RS design can be applied or not between slot based and mini-slot based transmission. 
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