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1 Introduction
In RAN1#90 meeting [1], PTRS density in frequency domain was achieved as working assumption:
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
And for non-consecutive scheduling, the working assumption was achieved as:
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 addition, in RAN1#89 meeting, cases of PDSCH from multiple TRPs were agreed as:
Agreements:
· Adopt the following for NR reception:
· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 
· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Note: CSI feedback details for the above case can be discussed separately
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In this contribution, we provided our views on some open issues of PTRS configurations in NR.
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In high frequency band, the impact of phase noise can not be ignored, so PTRS was introduced. And it was agreed that the density of PTRS in frequency domain will decrease with increasing of scheduled bandwidth, while density of PTRS in time domain will increase with increasing of MCS. On predefined table with bandwidth thresholds for PTRS density in frequency domain was agreed in last meeting, while the concrete value is still open. One controversial point is the threshold for the row of no PTRS. In fact, based on the requirement of PTRS density, there should be PTRS mapping in small scheduled bandwidth. One may argue that, with small bandwidth, UE is not expected to be scheduled with high MCS. While that should be depended on the channel state and the scheduler, the probability of high MCS scheduling should not be excluded. On the other hand, the PTRS mapping is also related to the threshold table for MCS, when the MCS is lower than one threshold, there is no PTRS mapping. Then for small scheduled bandwidth, if the scheduled MCS is low, there still can be no PTRS. If the scheduled MCS is high, the PTRS is required and should be derived from the table. So even for the small scheduled bandwidth, there should be PTRS mapping in the predefined table to cater for different cases. While it’s noted that the table can be replaced by RRC signalling, and the threshold can be updated.
Based on the above discussion, we propose that
Proposal1: For PTRS density in frequency domain, the bandwidth threshold for no PTRS should be 1, i.e. there is no row for no PTRS in the predefined table.
The other issue is resource allocation impact on the PTRS density in frequency domain. There are two agreed resource allocation types, one is LTE DL RA type 0 (i.e. bitmap of RBG), the other is LTE DL RA type 2 (distributed or localized). The PTRS density in frequency is designed based on the continuous resource allocation, while for distributed allocation, the RBs may be located separately. For example, with bitmap allocation, the RBGs may be far away from each other. Even for the same number of scheduled RBs, there may be more PTRS required compared to continuous resource allocation. Taking system bandwidth 50PRBs for example, and assuming same RBG size with 3 PRBs with LTE, and UE is scheduled with 17 PRBs. Referring to the threshold table, PTRS density 1/4 is assumed. Taking the case as shown in Figure 1 (Figure 1a and 1b), for bitmap resource allocation, the PTRS may be concentrated on the closely allocated RBs, while there is one RBG far from others without PTRS, which may have some impact on the phase noise estimation.


Figure 1. Example for PTRS mapping for different resource allocation types
On the other hand, considering the PTRS position, it’s better to be uniformly allocated as much as possible, that is to introduce some offset for the PTRS mapping. For example, the lowest index of PRB (the index starting from 0) containing PTRS can be defined as , where  is the frequency density parameter, i.e. density is ,  is the number of scheduled PRBs. And the index of PRB containing PTRS can be calculated as . Example of PTRS mapping with offset for 17 PRBs allocation is also shown in Figure 1c and 1d.
Based on above discussion, we propose that:
Proposal2: Different bandwidth thresholds tables or PTRS mapping rules should be designed for non-contiguous resource allocation.
Proposal3: Introduce offset for the index of PRB containing PTRS, and the offset value is dependent on the number of scheduled PRBs and frequency density parameter.
In addition, there is one case of single PDSCH with each layer from all TRPs, the jointly transmission can improve the performance. And as agreed in previous meeting, this can be done in spec transparent manner. While considering the impact of PTRS, there may be some issues. For example, if PTRS is needed, the same PTRS will be transmitted from all the TRPs, but the phase noise can not be estimated accurately as they are independent from different TRPs, as shown in Figure 1. Some scheme may be needed to settle down this issue, or the gNB can restrict the scheduled MCS to be no PTRS needed for this scenario, while more or less, there may be some impact on the spec. so we observe that:
Observation: Impact on phase noise for the case of single PDSCH with each layer from all TRPs should be studied.
3 Conclusion
In this contribution, we provided our views for design of PTRS density in frequency domain, and impact on single PDSCH with each layer from all TRPs, and we observe and propose that:
Observation: Impact on phase noise for the case of single PDSCH with each layer from all TRPs should be studied.
Proposal1: For PTRS density in frequency domain, the bandwidth threshold for no PTRS should be 1, i.e. there is no row for no PTRS in the predefined table.
Proposal2: Different bandwidth thresholds tables or PTRS mapping rules should be designed for non-contiguous resource allocation.
Proposal3: Introduce offset for the index of PRB containing PTRS, and the offset value is dependent on the number of scheduled PRBs and frequency density parameter.
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