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Introduction
During RAN1 Ad-hoc #2, RAN1 captured the following agreements regarding PTRS [1]
Agreements:
· If one DL PT-RS port is configured for a DL DM-RS port group, the DL PT-RS port and one DL DM-RS port in the DL DM-RS port group are associated for phase tracking, the association is determined in the specification
· FFS details for the association
· If one DL PT-RS port is configured for a DL DM-RS port group, the DL PT-RS port is associated with:
· Alt 1: the lowest DL DM-RS port in the DL DM-RS port group.
· Alt 2: one DL DM-RS port in the DL DM-RS port group in a RB, where the one DL DM-RS port may vary across RBs
· Other alternatives are not precluded
· To conclude with one alternative next meeting
· FFS the case of two codewords

Agreements:
· Study further whether or not to support power boosting for PT-RS considering different or same number of ports compared with DM-RS
· Down-selection among the following for CP-OFDM DL & UL for PTRS:
· Opt-1: a single association table pair per subcarrier spacing 
· Opt-2: UE recommends the preferred thresholds in tables and/or gNB to update/confirm
· Opt-3: multiple association tables for each subcarrier spacing, to reflect different phase noise models resulting from different carrier frequencies, subcarrier spacings, UE implementations
· Opt-4: a single association table pair per subcarrier spacing based on UE capability

Agreements:
· For PTRS for CP-OFDM, study further how to handle mapping PTRS in case of non-consecutive scheduling
· Alt 1: based on PRBs
· Alt 2: based on VRBs 
· Other alternatives are not precluded
· Note: consecutive scheduling can be considered as a special case
· For PTRS for CP-OFDM, study further whether or not there is need for interference randomization for PT-RS and if so, how
· Companies are encouraged to provide simulation results
· To continue study to finalize the PT-RS density tables w.r.t. to MCS and scheduled bandwidth

Agreements:
· Study further how to handle PT-RS collision with CSI-RS

Agreements:
· For PTRS for CP-OFDM, NR supports
· Information related to UE to facilitate PTRS port configuration 
· FFS details, e.g., UE to report information (if so, details), or re-using UE information available for other purposes

Design aspect of the PT-RS 
2.1 PTRS configuration based on UE assistant
In previous meeting, there are 4 options for PTRS table configuration for CP-OFDM as follows. 
· Opt-1: a single association table pair per subcarrier spacing 
· Opt-2: UE recommends the preferred thresholds in tables and/or gNB to update/confirm
· Opt-3: multiple association tables for each subcarrier spacing, to reflect different phase noise models resulting from different carrier frequencies, subcarrier spacings, UE implementations
· Opt-4: a single association table pair per subcarrier spacing based on UE capability

If UE can use the multi-antenna with more than one oscillators, phase noise can be represented at each oscillator, respectively. In other words, since the CPE term can be represented as different phase to each antenna, CPE term should be estimated at each antenna. Therefore, the number of PT-RS ports depends on the number of oscillators at UE. Also, each UE can have different oscillators with various phase noise performances. Some UE has low accuracy oscillators and another UE has high accuracy oscillators. So, PT-RS configuration can be different at each UE and UE should report the information of oscillators to gNB. However, multiple association tables may have large signalling overhead and complexity. 
Proposal 1: NR should support a single association table pair per subcarrier spacing based on UE capability.
2.2 Relationship between PT-RS port and DMRS port group
It was agreed to support association between one PT-RS port and one DMRS port per DMRS port group, and also to support the same precoding between one PT-RS port and one DMRS port. In previous meeting, two options for PTRS mapping to one DMRS port in a DMRS group were captured
· Opt-1: The lowest DL DMRS port in the DL DMRS port group
· Opt-2: One DL DMRS port in the DL DMRS port group in an RB, where the one DL DMRS port may vary across RBs 
In our view, one PT-RS port is associated with the lowest DL DMRS port in the DMRS port group. The discussion point between above two options is allocating PTRS with a common rule or different rule depending RB index and associating PTRS with which DMRS port in a port group. Opt-2 can allow one PTRS can be mapped to different DMRS port across RB so that other companies may expect some diversity gain from different ports. However, the signalling overhead for indicating the mapping between DMRS and PTRS across RBs will be introduced. We don’t see specific advantage of Opt-2, Opt-1 is sufficient as distributed PTRS pattern can achieve diversity gain. 
Network can configure DMRS port group(s) by [RRC] signalling where the number of DMRS port groups denoted by M. Table X shows two configuration example for DMRS port grouping for Type 1 DMRS in [TS38.211v0.1.2], respectively for the case of M = 2. 
Let’s assume that a DCI assigns DMRS ports for a UE, and indicates MCS level which requires PT-RS allocation. If those DMRS ports are all associated with the same DMRS port group, UE assumes that one PT-RS port is allocated for the tracking of phase variations for the assigned DMRS ports. For example, network can transmit a DCI for UE for PDSCH transmission with DMRS ports (a, c, e, g). In this case, UE assumes single PTRS port associated with DMRS port (a).
If some of DMRS ports assigned by a DCI are associated with DMRS port group #1 and the other DMRS ports are associated with DMRS port group #2, then UE assumes the two PT-RS ports are allocated respectively for DMRS port group #1 and #2. For example, if network transmits a DCI for PDSCH transmission with DMRS port (a, b, c, d), UE assumes that two PT-RS ports associated with DMRS port (a) and DMRS port (b), respectively. 
Note that to indicate the same precoding, the PT-RS port should have the same port number with the associated DMRS port. Since UE can implicitly derive the allocation information of the PT-RS port(s), a DCI doesn’t have to include any explicit information of PT-RS port(s). 
Proposal 2: If one DL PT-RS port is configured for a DL DM-RS port group, the DL PT-RS port is associated with the lowest DL DM-RS port assigned by a DCI in the DL DM-RS port group 
Table 1. Configuration examples of DMRS port grouping
	DMRS port group
	Associated DMRS ports for each group

	Group #1
	a, c, e, g

	Group #2
	b, d, f, h



On the other hand, one PT-RS port is mapped on the same RE location of the associated DM-RS port in a DMRS port group. Let’s assumes that two PT-RS associated with DMRS port (a, b) in each DMRS port group, respectively. If the DMRS ports (a) and (b) are allocated on same REs with CDMed, ambiguity on RE mapping of those two PT-RS ports is happened. Thus, to avoid ambiguity, in addition to allocation method of Opt-1, DMRS port group index can be considered to PTRS mapping as well. 
Proposal 3: DMRS port group index should be considered for RE mapping of the PT-RS port(s) in addition to Opt-1.
2.3 Power boosting for PT-RS
In previous meeting, it was agreed to study whether or not to support power boosting for PT-RS. In LTE system, in order to improve the channel estimation, CRS is performed with power boosting. Since CRS in LTE is presence with every RB and every OFDM symbol, the signalling overhead is small. However, PT-RS can have the various time/frequency density. Therefore, we have to consider PTRS power boosting carefully. Single-user with single TRP case is shown in Figure X. Each PTRS port has different time/frequency density. For single-user case, since it is agreed to support orthogonal multiplexing between PTRS and data, the RE occupied by PTRS should be empty. In single-user case, the UE can know all PTRS port time/frequency density from sub-carrier spacing, MCS level and scheduled RBs which are already signalled. Therefore, the power boosting for PTRS can be performed without any additional signalling.
Observation 1: PTRS power boosting in single-user single-TRP does not have RAN1 spec impact.
In single-user multi-TRP case, in order to support PTRS power boosting, all TRP should share the PTRS configuration. Since each TRP may have different power constraint, power boosting is also different compared to the single-TRP case. Also, there are various resource allocation scenarios in multi-TRP transmission. For example, full-overlap, partial overlap and non-overlap resource allocation can be used for multi-TRP transmission. Each case can have different PTRS power boosting. Also, according to multi-TRP transmission scheme, i.e., JT, DPS, PTRS power boosting may have different power boosting. Therefore, there is large signalling overhead in order to support all case of power boosting in single-user multi-TRP transmission.


[image: ]
Figure 1 Example on single-user single-TRP scenario
In multi-user case, it is agreed to support non-orthogonal multiplexing between PTRS and data. Therefore, compared to the single-user case, there is no empty RE for PTRS power boosting. For supporting PTRS power boosting, PTRS should use power of PDSCH. Since the PTRS has various time/frequency density, power boosting ratio between PTRS and data can be changed in scheduled RB and OFDM symbols. Therefore, it is also need to large signalling overhead to support PTRS power boosting. In addition, overall performance can be degraded since the interference between PTRS and data may be larger.
Proposal 4: NR should not support PT-RS power boosting.
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Figure 2 Example on single-user multi-TRP scenario
2.3 PTRS mapping in frequency domain
In previous meeting, it was agreed to study how to handle PTRS mapping in non-consecutive scheduling. There are 2 Alt for PTRS mapping.
· Alt 1: based on PRBs
· Alt 2: based on VRBs 
If we considered PTRS mapping based on PRBs, it is possible that there is no PTRS in scheduled RB. For example, as shown in figure Y, PTRS frequency density is every 2RB with odd numbered PRBs. If a UE is scheduled even numbered PRBs, there is no PTRS in the scheduled RBs. Therefore, PTRS should be mapped based on VRBs. 
Proposal 5: NR should support PT-RS mapping based on VRBs
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Figure 3 Example on PTRS mapping in non-consecutive scheduling

In multi-TRP scenario, two TRP can be scheduled with different resource allocation. There are 3 cases about resource allocation. First case is full overlap resource allocation between TRP1 and TRP2. Second case is partial overlap resource allocation between TRP1 and TRP2. Third case is non-overlap between TRP1 and TRP2. According to the resource allocation case, PT-RS configuration should be different. For example, in the partial overlap case as shown Figure 1, the resource of TRP1 is scheduled from RB1 to RB13 and the resource of TRP2 is scheduled from RB4 to RB13. TRP1 and TRP2 use the PT-RS port1 and port2, respectively. If there is no information exchange between TRP1 and TRP2, each TRP can not obtain the orthogonality between PT-RS/PTRS, PTRS/data. For example, TRP1 may empty RE of PT-RS port2 in from RB1, RB3,…,RB12 in figure 4. However, PT-RS port2 does not actually exist in these RBs. Therefore, in the multi-TRP scenario, the PT-RS information should be exchanged between TRPs
Proposal 6 : For multi-TRP scenario, NR should support PT-RS allocation information exchange between TRPs. 
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Figure 4 Example on partial overlap resource allocation in multi-TRP scenario
Conclusions
This contribution discusses DL PT-RS design. The observations and proposals are as follows:
Proposal 1: NR should be supported a single association table pair per subcarrier spacing based on UE capability.
Proposal 2: If one DL PT-RS port is configured for a DL DM-RS port group, the DL PT-RS port is associated with the lowest DL DM-RS port assigned by a DCI in the DL DM-RS port group. 
Proposal 3: DMRS port group index should be considered for RE mapping of the PT-RS port(s) in addition to Opt-1.
[bookmark: _GoBack]Observation 1: PTRS power boosting in single-user single-TRP do not have RAN1 spec impact.
Proposal 4: NR should not be supported PT-RS power boosting.
Proposal 5: NR should supported PT-RS mapping based on VRBs
Proposal 6 : For multi-TRP scenario, NR should support information of PT-RS allocation exchange between TRPs. 
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