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Introduction
This contribution is revised from R1-1715513.
In RAN1 AH 1709[1], the following agreement regarding PT-RS mapping was reached.
	Agreement:
· The subcarrier for which the PTRS associated with a certain DMRS port is mapped is the same in all RBs where PT-RS is present 
· The maximum number of DL PT-RS ports is the same as the number of DMRS groups per PDSCH, which is 2 in Rel-15
· The subcarrier in the RB where PTRS is mapped among the subcarriers used for the associated DMRS port, consider further these alternatives until Wednesday: 
· Alt.1 Fixed to smallest subcarrier index k 
· Alt.2 Default is fixed to largest subcarrier index k. Can be configured to other subcarriers by higher layer signalling. 
· Alt.3a Implicitly given by Cell ID 
· Alt.3b Implicitly given by another UE specific parameter (DMRS/PT-RS scrambling ID (if defined), C-RNTI,…)
· Alt.4 Each DMRS port maps PT-RS to a different subcarrier by a specified rule 
Agreement:
For mapping of PT-RS to RBs among the scheduled RBs for DL and UL: The no RB offset (=0, PT-RS is present in the scheduled RB with lowest RB index and then follows the pattern according to the PT-RS freq. density) is the default value if supported. Down-selection among the following alternatives in RAN1#90bis:
· Alt.1: RB offset is fixed (e.g., RB offset=0) in Rel. 15
· Alt.2: RB offset is determined based on UE-specific configuration 
· FFS default RB offset is needed
· FFS the RB offset is explicitly signaled via higher layer signaling or implicitly determined based on the UE specifically configured parameter (e.g., C-RNTI, SCID) 
· Companies are encouraged to provide evaluation results for next meeting to assess whether higher layer configuration of RB offset is beneficial for interference randomization



The remaining issues regarding PT-RS for CP-OFDM includes
· Subcarrier and RB that PT-RS maps
· Frequency domain density refinement
In this contribution, we are going to discuss those issues.

Resource mapping of PT-RS in frequency domain
The uncertainty of PT-RS mapping in frequency domain is addressed within RB and across RB, respectively.

[bookmark: _Ref494376608]Subcarrier of PT-RS within a RB 
One simple way is to define the subcarrier of each PT-RS port from all or a subset of DMRS ports from network perspective, as what we did for DMRS ports. From UE’s perspective, only maximum 2 PT-RS ports are scheduled. The scheduling information of PT-RS can be derived from the DMRS port scheduling information and the agreed fixed association. Unlike Alt.1 where PT-RS collision from MU-MIMO with the same CDM group will happen, and Alt.2 where additional specification on configuration is needed, it can solve the potential problems once and for all.
Figure 1 and Figure 2 shows one possible position defined for a specific cell, where the PT-RS are mapped to the lower subcarrier within a PRB. Of course PT-RS can be mapped to the upper subcarriers. It can also be hopping from cell to cell. However, only under the circumstances that the ERPE of PT-RS is different from PDSCH, i.e., PT-RS power boosting, will such an offset between cells be able to reduce the inter-cell interference. Otherwise, using a cell-specific sequence for PT-RS can randomize the interference in an easier way.
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[bookmark: _Ref489614954]Figure 1 PT-RS mapping under DMRS configuration type 1
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[bookmark: _Ref489614964]Figure 2 PT-RS mapping under DMRS configuration type 2
Meanwhile, when the collision between CSI-RS and PT-RS is taken into account, same PT-RS subcarrier across cell with the same CSI-RS resource mapping in the opposite direction to PT-RS is beneficial to reduce the configuration complexity. For example, when PT-RS is mapped on the lower subcarriers, CSI-RS from the serving cell and the interfering cell can be both configured in the upper subcarriers. Therefore we slightly prefer fixed PT-RS position with associated DMRS ports.
Proposal 1: Regarding the subcarrier mapping of PT-RS within an RB, support for CP-OFDM
–	Alt.4 Each DMRS port maps PT-RS to a different subcarrier by a specified rule

RB mapping of PT-RS when FD density is less than 1
The RB-level offset is beneficial when PT-RS and CSI-RS are both configured with density less than 1. However, whether to shift PT-RS or CSI-RS needs to be discussed. Even if CSI-RS configuration is less flexible, which means that CSI-RS offset is not possible, shifting PT-RS can also be achieve by frequency domain allocation of PDSCH/PUSCH. As for MU-MIMO pairing, UEs allocated with different DMRS ports already have non-overlapping PT-RS based on the discussion in Section 2.1.
Proposal 2: Regarding the RB mapping of PT-RS, support for CP-OFDM
· Alt.1: RB offset is fixed (e.g., RB offset=0) in Rel. 15

Frequency domain density
Refinement to the density configuration
It was proposed in the way forward[2] that it may bring a decrease in number of PT-RS subcarriers when the bandwidth increases at the threshold RB. A fixed mapping of (P)RB containing PT-RS is also proposed in [2], shown in Figure 1.
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[bookmark: _Ref492461871]Figure 1 Mapping of (P)RBs containing PT-RS

The problem of this figure is that it cannot be adjusted accordingly when the threshold bandwidth is reconfigured. However, the underlying principle can be discussed. To provide a generalized scheme to suit the configurability of table of the frequency domain density, a maximum number of subcarriers corresponding to a density can be introduced and may be configured by higher layers.
For example, by default, UE can assume that the maximum number of subcarriers is 4 for all the other density except the density with the minimum non-zero value, i.e., ¼ in the current working assumption. To be more specific, the table for frequency domain density can be found in Table 1.
[bookmark: _Ref492462440]Table 1 Proposed frequency domain density with the maximum number of subcarriers
	Contiguous Scheduled BW
	Frequency density (1/n)
	Maximum number of subcarriers

	NRB < [3 or 1]
	No PT-RS
	0

	[3 or 1]≤  NRB < [5]
	[1]
	4

	[5]≤  NRB < [10]
	[1/2]
	4

	[10]≤  NRB < [15]
	[1/3]
	4

	[15]≤ NRB
	1/4
	-



Proposal 3: Consider adopting the maximum number of subcarriers in the table of the PT-RS frequency domain density. 

Default values in the density table
For CPE compensation, receiver needs to perform differential operation between two phase estimates in two OFDM symbols having PT-RS or associated DMRS. For example, assume that  and  are i.i.d. Gaussian random variable with , which represent the phase estimates from two symbols, where  is the noise variance. We need to use  as the compensating CPE to the second symbol, and , which suggests that the variance of this CPE estimate is doubled and the SNR is reduced by 3dB if .
Considering that, phase estimation provided by PT-RS should have an SNR at least 3dB higher than the DMRS channel estimation, so that the noisy CPE estimates used for compensation will not have a major impact on demodulation. Using a small number of PT-RS, e.g., 1 or 2, would definitely result in an inaccurate phase estimate, which could in turn compromise the objective of using PT-RS. When PT-RS is not used, those REs can be used for PDSCH transmission, providing robustness via a lower coding rate.
Proposal 4: By default PT-RS should not be transmitted when 1 and 2 RBs are scheduled. 

Conclusion
In this contribution, we discussed the remaining issues on PT-RS, The proposals are as following:
Proposal 1: Regarding the subcarrier mapping of PT-RS within an RB, support for CP-OFDM
–	Alt.4 Each DMRS port maps PT-RS to a different subcarrier by a specified rule
Proposal 2: Regarding the RB mapping of PT-RS, support for CP-OFDM
· Alt.1: RB offset is fixed (e.g., RB offset=0) in Rel. 15
Proposal 3: Consider adopting the maximum number of subcarriers in the table of the PT-RS frequency domain density. 
Proposal 4: By default PT-RS should not be transmitted when 1 and 2 RBs are scheduled. 
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