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1. Introduction
In RAN1 #88, it was agreed that presence/patterns of PT-RS are configured by a combination of RRC signalling and association with parameter(s) used for other purposes (e.g., MCS) which are (dynamically) indicated by DCI. In RAN 1 #88bis, it was agreed that orthogonal multiplexing among PT-RS ports are supported for single user case.
	Agreements: [RAN 1 #88]
· Presence/patterns of PT-RS are configured by a combination of RRC signaling and association with parameter(s) used for other purposes (e.g., MCS) which are (dynamically) indicated by DCI.

· Whether PT-RS can be present or not depends on RRC configuration. 

· When configured, the dynamic presence is associated with DCI parameter(s) including at least MCS

· FFS: Time domain density is associated with dynamic configuration by MCS. 

· When present, frequency domain density is associated with at least dynamic configuration of the scheduled BW.

· FFS: Frequency domain density is associated with dynamic configuration by MCS. 

· FFS: Frequency-domain pattern design supports both frequency-localized and frequency-distributed allocation of PT-RS subcarriers.

· Other association factors/rules are not precluded.

· Usage of PT-RS, e.g. CFO/Doppler correction, is not precluded, pattern/signaling for this use case can be different.
Agreements: [RAN 1 #88bis]
· For CP-OFDM, the same PT-RS to RE mapping and PT-RS densities in time and frequency are available for DL and UL 

· Distributed PT-RS (non-consecutive subcarriers) in the frequency domain is used as default configuration

· FFS: Support optional frequency-localized pattern with UE-specific explicit signaling.  (e.g. higher MCS case) 

· For single-user case, support orthogonal multiplexing among PT-RS ports, if multiple PT-RS antenna ports are supported.

· FFS: how to multiplex multiple PT-RS ports, e.g. FDM, TDM, CDM

· FFS: Whether to support multiple PT-RS ports or not (FFS: Max number of PT-RS APs).

· Support orthogonal multiplexing between PT-RS and data transmitted or received by a single UE.

· For MU-MIMO, non-orthogonal multiplexing of e.g. PT-RS/PT-RS and PT-RS/data is possible but also orthogonal multiplexing to be considered

· FFS: Support multiplexing through multiple scrambling sequences for PT-RS port(s) 

· Support association between PT-RS port and DMRS port group


In this contribution, we discuss DL PT-RS port multiplexing methods from SU and MU perspective. 
2. Discussion on DL PT-RS
· The association methods between PT-RS port and DMRS port group
In the previous meeting, it was agreed that association between PT-RS port and DMRS port group is supported. In this subsection, we discuss the association methods to achieve spatial diversity.  
If gNB knows which DMRS port has better channel quality in advance, DL CPE estimation performance can be improved by linking the PT-RS port to better DMRS port. However, explicit signalling may be needed to indicate which DMRS port is better. Especially for the range of layers using 1 CW, gNB may not be able to know which DMRS port is better with CQI reporting. 
In Figure 1, we assume there is single PT-RS port, and there is single phase source in UE and gNB. In addition, there are two DMRS ports, and both DMRS ports are mapped to the PT-RS port. In other words, gNB allocates PT-RS port #1 to UE which is linked to DMRS port #1 and #2. As a result, PT-RS port #1 is transmitted in two directions of DMRS ports #1 and #2.  
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Figure 1
For simple analysis, in the following, noiseless and ICI free condition is assumed. In this case, CPE estimator for UE #1 can be represented as
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Equation 1
Here, 
[image: image3.wmf],,

l

kl

q

D

 and 
[image: image4.wmf]u

y

 represent subcarrier index, OFDM symbol index, the CPE difference between 
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denote the channel vector and the precoding vector of u-th UE, respectively. Also, 
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 indicate a pilot of p-th PT-RS port. The above equation reveals that there is no performance loss with respect to phase noise tracking even though PT-RS port is mapped to multiple DMRS ports.

Observation 1: If single phase source at gNB is assumed, there is no performance loss with respect to DL CPE estimation even though even though PT-RS port is mapped to multiple DMRS ports.
Accordingly, we can achieve the spatial diversity by transmitting PT-RS port which is mapped to multiple DMRS ports. Namely, we can avoid the worst case of selecting a DMRS port which has the poorest channel quality. 
Observation 2: By transmitting PT-RS port which is mapped to multiple DMRS ports, we can avoid the worst case of selecting a DMRS port which has the poorest channel quality. 
In Figure 2, we show the spectral efficiency for different association methods between PT-RS and DMRS ports where detailed simulation assumption is described in our companion contribution [3].
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Figure 2 

For scheme I, its PT-RS port is mapped to DMRS port #1. Also, for scheme II, its PT-RS port is mapped to sum of DMRS port #1 and #2. Furthermore, for scheme III, its PT-RS port is mapped to DMRS port #1 plus DMRS port #2 in some PRBs and it is mapped to DMRS port #1 minus DMRS port #2 in other PRBs.   
Figure 2 shows that scheme II provides the worst performance, while scheme III achieves the best performance. For scheme II, it can suffer from the destructive sum of two different layers depending on wireless channel condition. In contrast, for scheme III, it can reduce the impact of destructive sum of two different layers via using different combining coefficients of two layers per PRB set while achieving spatial diversity gain.
Proposal 1: Support PT-RS port to be mapped to multiple DMRS ports.
· Non-orthogonal multiplexing between PT-RS and PT-RS/data
In this subsection, we discuss non-orthogonal multiplexing between PT-RS and PT-RS (or data) from MU perspective.
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Figure 3 
In Figure 3, we assume there are two UEs #1 and #2, and there is single phase source in gNB. Also, there are two DMRS ports, and each port is assigned to each UE. In addition, two PT-RS ports are assumed, and each port is assigned to each UE. For simple representation, DMRS port #1 and #2 are linked to PT-RS port #1 and #2, respectively. In this case, CPE estimator for UE #1 can be represented as
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Equation 2
In this case, Equation 2 shows that observation 1 also holds true even in the case that each port belongs to different UE. Accordingly, for DL, non-orthogonal multiplexing between PT-RSs can be supported.   

Proposal 2: For DL MU, non-orthogonal multiplexing between PT-RSs should be supported.
On the other hand, for support of PT-RS multiplexing of UEs, UEs sharing the same resource blocks should use PT-RS defined in the same locations. To this end, we can define potential PT-RS where either PT-RS or data can be received from single UE perspective, and its location is shared for co-scheduled UEs.  

Proposal 3: Potential RE positions of PT-RS on which either PT-RS or data can be received can be shared among potentially co-scheduled UEs.
Meanwhile, if gNB transmits PT-RS for UE #1 and data for UE #2 in the same REs, CPE estimator for UE #1 can be represented as
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From the above expression, it is expected that there is a performance loss of CPE estimation due to UE #2 data transmission (
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. Accordingly, observation 1 does not hold true anymore, if other UEs transmit data instead of PT-RS.
On the other hand, it was agreed in [1] that PT-RS presence is associated with DCI parameter(s) used for other purposes (e.g., MCS) which are (dynamically) indicated by DCI. Therefore, UE may not know whether other UEs transmit PT-RS or data in the same RBs. In this case, CPE estimation can suffer from unexpected interference, which impairs its reliability. In particular, a small number of PT-RS subcarriers (e.g. 2) would be vulnerable to the unexpected interference. To prevent the issue, introduction of ZP-PT-RS would be helpful to avoid collision between PDSCH for certain UE and PT-RS for other UE. 
Proposal 4: For DL, support ZP-PT-RS.
· PT-RS dynamic presence and time density according to allocated BW 
In our companion contribution [3], we observed that non CPE compensation case provides better spectral efficiency than CPE compensation case when scheduled BW is small (e.g. 2/4PRBs) and MCS is not very high (e.g. 64QAM). In addition, optimal time density of PT-RS varies as allocated MCS and BW changes. Same observations can be applied to DL PT-RS as well as UL PT-RS so that we propose followings.
Proposal 5: It should be supported to adjust the PT-RS time pattern according to the allocated MCS and BW.
Proposal 6: It should be supported to determine the dynamic presence of PT-RS according to allocated BW as well as MCS.
3. Conclusion
In this contribution, for DL, we discussed port multiplexing methods for achieving spatial diversity. From the discussion, our observations and proposes are as follows:
Observation 1: If single phase source at gNB is assumed, there is no performance loss with respect to DL CPE estimation even though even though PT-RS port is mapped to multiple DMRS ports.
Observation 2: By transmitting PT-RS port which is mapped to multiple DMRS ports, we can avoid the worst case of selecting a DMRS port which has the poorest channel quality. 
Proposal 1: Support PT-RS port to be mapped to multiple DMRS ports.
Proposal 2: For DL MU, non-orthogonal multiplexing between PT-RSs should be supported.
Proposal 3: Potential RE positions of PT-RS on which either PT-RS or data can be received can be shared among potentially co-scheduled UEs.
Proposal 4: For DL, support ZP-PT-RS.

Proposal 5: It should be supported to adjust the PT-RS time pattern according to the allocated MCS and BW.
Proposal 6: It should be supported to determine the dynamic presence of PT-RS according to allocated BW as well as MCS.
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