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Discussion and Decision
1 Introduction
The following agreement on PT-RS was made in RAN1 #88bis [1]:
	Agreements:
· For CP-OFDM, the same PTRS to RE mapping and PTRS densities in time and frequency are available for DL and UL 

· Distributed PTRS (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 PTRS ports, if multiple PTRS antenna ports are supported.

· FFS: how to multiplex multiple PTRS ports, e.g. FDM, TDM, CDM

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

· Support orthogonal multiplexing between PTRS and data transmitted or received by a single UE.

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

· FFS: Support multiplexing through multiple scrambling sequences for PTRS port(s)
· Support association between PTRS port and DMRS port group




This document discusses DL PT-RS association and PT-RS indication method.

2 Discussion

2.1 PT-RS association
For single-user case, whether to support multiple PTRS ports or not is FFS. For DL SU-MIMO, if multiple ports associated with different LOs are used, common phase error (CPE) on those ports are different. Therefore, multiple PT-RS ports should be supported. On the other hand, as discussed in [2], CPE of the ports of same LO are same. Therefore, one PT-RS port is sufficient for each DMRS port group. Additionally, within the DMRS port group, we propose to fix the DMRS port index to associate PT-RS port in order to make UE side easier to determine which DMRS port is associated with PT-RS port. Even if using fixed DMRS port and PT-RS port relation, thanks for the flexibility of DMRS based transmission (implementation based precoding), our understanding is "best" channel can be used for DMRS and PT-RS transmission.
For DL SU-MIMO port association, we propose following:
Proposal 1:
Multiple PT-RS ports should be supported.
Proposal 2:
The number of PT-RS ports associated with each group of DMRS ports of same LO is at most one.
Proposal 3:
Within the DMRS port group of same LO, PT-RS port is associated with the fixed DMRS port, for example, the port with lowest index.
2.2 PT-RS multiplexing
2.2.1 Orthogonal multiplexing
DL SU-MIMO

For single-user case, orthogonal multiplexing among PT-RS ports is supported if multiple PT-RS antenna ports are supported and how to multiplex is FFS.
Multiplexing PT-RS with FDM manner is simple and preferred compared with TDM/CDM. According to the evaluation [3], PT-RS is required to be mapped with time domain density of every symbol under the large CPE effect. If PT-RS are multiplied in TDM manner, PT-RS could not be mapped with every symbol density. Therefore TDM is not appropriate under the large CPE effect. Similarly, CDM in time domain is not appropriate for PT-RS with high time density as the receiver cannot obtain the orthogonal reference until the end of OCC. We also don’t identify the merit of CDM in frequency domain. Then FDM is simpler as OCC is not needed.
Proposal 4: 
For DL SU-MIMO, FDM among PT-RS ports should be supported.
MU-MIMO
For MU-MIMO, orthogonal multiplexing of e.g. PTRS/PTRS and PTRS/data is to be considered. If MU-MIMO UEs are not spatially separated enough and UEs’ each PT-RS port uses the same resource, PT-RS can interfere other UEs’ PT-RS each other. To have the orthogonality among PT-RS port has the merit for such situations. This orthogonality should be realized by FDM same as SU-MIMO case. Our preference is the number of orthogonal multiplexing of PT-RS for MU-MIMO is up to the number of multiplexing for SU-MIMO layers.
Proposal 5: 
For DL MU-MIMO, orthogonal multiplexing of PT-RS should be supported. The multiplexing method is by FDM same as to SU-MIMO case and the total number of multiplexing layers is up to the same number with SU-MIMO.
2.2.2 Non-orthogonal multiplexing for MU-MIMO
For MU-MIMO, non-orthogonal multiplexing of e.g. PTRS/PTRS and PTRS/data is possible. Also, multiplexing through multiple scrambling sequences for PTRS is FFS. If MU-MIMO UEs are spatially separated enough, interference among PT-RS ports is small and each PT-RS port could use the same resource. Therefore non-orthogonal multiplexing of PT-RS is possible. On the other hand, exact same sequence has the problem of the separation. We propose to support multiplexing by different scrambling sequences for PT-RS port.
Proposal 6: 
For DL MU-MIMO, multiplexing through multiple scrambling sequences for PT-RS ports should be supported.
2.3 PT-RS indication 
For PT-RS indication method, as discussed in [2], we propose following:
Proposal 7: 
In order to reduce overhead of control signal, implicit indication of PT-RS using DCI parameters for other purposes (MCS, BW, etc.) should be used.
Proposal 8: 
For forward compatibility, updating the association rules between DCI parameters and PT-RS pattern by higher layer should be possible.
3 Conclusion
As discussed above, we propose following:
For DL SU-MIMO port association of PT-RS, we propose following:
Proposal 1:
Multiple PT-RS ports should be supported.
Proposal 2:
The number of PT-RS ports associated with each group of DMRS ports of same LO is at most one.

Proposal 3:
Within the DMRS port group of same LO, PT-RS port is associated with the fixed DMRS port, for example, the port with lowest index.


For DL PT-RS Multiplexing, we propose following:

Proposal 4: 
For DL SU-MIMO, FDM among PT-RS ports should be supported.
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Proposal 5: 
For MU-MIMO, orthogonal multiplexing of PT-RS should be supported. The realization is by FDM same as to SU-MIMO case.
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Proposal 6: 
For MU-MIMO, multiplexing through multiple scrambling sequences for PT-RS ports should be supported.


For DL PT-RS indication, we propose following:

Proposal 7: 
In order to reduce overhead of control signal, implicit indication of PT-RS using DCI parameters for other purposes (MCS, BW, etc.) should be used.
Proposal 8: 
For forward compatibility, updating the association rules between DCI parameters and PT-RS pattern by higher layer should be possible.
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