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Introduction
In RAN1#90bis meeting, there were following agreements on PTRS [1]:
 Agreements1:
· For UL, the transmission power for the symbols with and without PTRS should be kept the same when more than 1 PTRS port is configured
· Support power borrowing for PTRS from muted REs when more than 1 PTRS port is configured
· Note: Other power boosting scheme for UL PTRS can be further discussed
· FFS: single PTRS port case
· At least for DL SU-MIMO scheduling, the EPRE ratio between PTRS and PDSCH is by default implicitly indicated by the number of scheduled PTRS ports for the UE
· The default EPRE ratio is 0dB for 1 PTRS port case and 3dB for 2 PTRS port case
· Other combinations including EPRE up to 6dB are allowed by RRC configuration of association between number of DL PTRS ports and EPRE ratios
Agreements2:
· Support implicit derivation the RE-level offset for selecting subcarrier for mapping PTRS within a RB from one or more parameters (e.g. associated DMRS port index, SCID, Cell ID, to be decided in RAN1#91)
· This can be used at least for avoiding collision with DC tone
Agreements3:
· If DL-PTRS-present/UL-PTRS-present is enabled, 
· When PTRS is present, one PTRS port is present in every OFDM symbol and every 2nd RB unless DL/UL density tables are configured by RRC
· Note: This can in specification be achieved by specifying ptrsthMCS1 = ptrsthMCS2 = ptrsthMCS3 and ptrsthRB2 = ptrsthRB4 = Inf for these pre-defined values respectively
· PTRS is not present in DL if MCS < ptrsthMCS1DL or BW < ptrsthRB0DL, where default values of ptrsthMCS1DL and ptrsthRB0DL are to be decided at RAN1#90b or RAN1#91 the latest
· PTRS is not present in UL if MCS < ptrsthMCS1UL or BW < ptrsthRB0UL, where default values of ptrsthMCS1UL and ptrsthRB0UL are to be decided at RAN1#90b or RAN1#91 the latest
Agreements#4:
· For CP-OFDM, antenna port (AP) configuration
· Same as DL, support at least up to 2 UL PTRS ports in Rel-15

Meanwhile, there are following agreements on UL transmission
Agreements#5:
· NR supports 3 levels of UE capability for UL MIMO transmission 
· Full coherence
· All ports can be transmitted coherently
· Partial coherence
· Port pairs can be transmitted coherently
· Non-coherence
· No port pairs can be transmitted coherently
· TPMI codewords from the codebook are used by gNB accordingly
Agreements#6:
· In RAN1#91, decision will be made whether, in addition to codebook based transmission using one SRS resource, codebook based transmission using multiple SRS resource including non-coherent inter-SRS resource transmission is supported
· Non-coherent inter-SRS resource transmission: 
· FFS: use of two DCI, with one TPMI per DCI
· One TPMI/TRI per SRS resource is signaled 
· Note: Indication of selection of multiple SRS resources was agreed
Agreements#7:
· For 1 SRS resource
· Full coherence
· All ports corresponding to ports in an SRS resource can be transmitted coherently
· Non-coherence
· All ports corresponding to ports in an SRS resource are not transmitted coherently
· Partial coherence
· Ports pairs corresponding to ports in an SRS resource can be transmitted coherently
Agreements#8:
· For non-codebook based UL transmission, a total of up to 4 SRS ports can be indicated by SRI(s) using one DCI field
· For non-codebook based precoding, each SRS resource contains one port
In this contribution, we further discuss remaining issues of PTRS.
Discussion
·  Indication of number of  UL PTRS ports 
In RAN1#90bis meeting, 2 UL PTRS ports were agreed. For codebook based coherent transmission,  if only one SRS resource is selected by SRI or configured by RRC signaling, it is obvious that only one PTRS port is enough since all layers are usually from the same analog beam or coherent transmission from multiple panels. 
· Case 1: Codebook based UL without SRI or with only one SRI
For codebook based non-coherent or partial coherent transmission, only one SRS resource is selected by SRI or configured by RRC signaling. SRS ports or port groups within the selected resource may correspond to independent analog beams, these analog beams may be from multiple panels with independent oscillators. In this case, the maximum number of PTRS ports can be 2 which we prefer to be indicated per each SRS resource. And then the number can be different for different resources. If the indicated maximum  number of PTRS ports is 1 for a SRS resource, only one PTRS port is transmitted. If the indicated maximum number of PTRS ports is 2, all ports within the selected SRS resource should be grouped into two groups, and the actual transmitted number of PTRS ports should be associated with TPMI. E.g. 4 SRS ports within the selected SRS resource are divided into 2 groups, SRS port 0 and port 2 are the first group which corresponds to PTRS port 0, SRS port 1 and port 3 are the second group which corresponds to PTRS port 1. If 1 or 2 layers indicated by TPMI is derived from one of SRS port groups, only one PTRS port is scheduled. Or else, two PTRS ports are needed. In a short, the dynamically scheduled PTRS port is derived from TPMI and or SRI in this case.
· Case 2: Codebook based UL with multiple SRIs
If multiple SRS resources can be indicated for codebook based transmission as described in Agreements#5 and #6 of section 1 (not support yet),  1 or 2 PTRS ports should be indicated to UE. It depends on whether configured SRS resource(s)are from the same panel or different panels, further depends on whether multiple panels share one oscillator (depends on the desired maximum number of UL PTRS ports UE reported ) . If two beams indicated by multiple SRS resources are from 2 panels, and phase noise are independent between those two panels, two PTRS ports are needed. Or else, one PTRS port is enough. We also propose to add one PTRS port indication within each SRS resource for this case. The port indication can be 0 or 1. If the same port indication value is configured for SRS resources, layers indicated by TPMI derived from those SRS resources share one PTRS ports.Therefore, dynamically scheduled PTRS port is derived from TPMI and SRI.
· Case 3: Non-codebook based UL
For non-codebook based transmission, a total of up to 4 SRS ports can be indicated by SRI(s) using one DCI field, and one SRI indicates one port SRS resource as described in Agreements#7 of section 1. Multiple beams based on indicated SRI(s) may also need 2 PTRS ports. Similar with case 2, one PTRS port indication can be configured within each SRS resource.  If the same port indication value is configured for SRS resources, layers derived from those SRS resources share one PTRS port. So in this case, the dynamically scheduled PTRS port(s) is derived from SRI.
In summary of the above 3 cases, total 1 bit PTRS port indication is proposed to be configured within each SRS resource by higher layer signaling, where the value of PTRS port indication can be 0 or 1. 
· For codebook based transmission with configured one SRS resource, the value of PTRS port indication 0 and 1 mean the maximum number of PTRS ports is 1 and 2 respectively.  In case of PTRS port indication with 1, 2 PTRS ports are possible. The actual scheduling number of  PTRS ports should depend on TPMI.  If TPMI is from codewords for coherent transmission, only 1 PTRS port is scheduled. If TPMI is from codewords for partial coherent or non-coherent transmission, all SRS ports of configured SRS resource are divided into 2 groups. If PUSCH layer(s) indicated by TPMI is derived from one of SRS port groups, one PTRS port is scheduled. Or else, 2 PTRS ports are scheduled. In other words, UL DMRS ports derived from the same SRS port group share one PTRS port.
· For non-codebook based transmission or codebook based transmission with configured multiple SRS resources, PUSCH layers derived from those SRS resources with the same value of PTRS port indication shar one PTRS port.
The most flexibility can be achieved by configuring PTRS port indicator per each SRS resource. gNB can configure the PTRS port based on different scenarios. E.g. even the first three layers and the forth layer can be configured with different PTRS ports for non-codebook based transmission. 
Based on above analysis, we propose 
Proposal 1: In the case when a UE is configured with higher layer parameter ‘UL-PTRS-present’, candidate  PTRS port indications are configured by an RRC parameter ‘UL-PTRS-ports’ within each SRS resource configuration and PTRS port(s) for actual transmission is derived dynamically from TPMI and/or SRI.
· For codebook based transmission with configured one SRS resource, the value of ‘UL-PTRS-ports’ 0 and 1 mean the maximum number of PTRS ports is 1 and 2 respectively. the scheduled PTRS port(s) is dynamically derived from TPMI.
· If TPMI is from codewords for coherent transmission, only 1 PTRS port is scheduled. 
· If TPMI is from codewords for partial coherent or non-coherent transmission, all SRS ports of configured SRS resource are divided into 2 groups. UL DMRS ports derived from the same SRS port group share one PTRS port. Two PTRS ports are scheduled for UL DMRS ports derived from the different SRS port groups. 
· For non-codebook based transmission, the scheduled PTRS port(s) is dynamically derived from SRI. UL DMRS ports derived from those SRS resources with the same value of 'UL-PTRS-ports' share one PTRS port. 
·  For codebook based transmission with multiple configured SRS resources(if supported),  the scheduled number of PTRS ports is dynamically derived from both SRI and TPMI.UL DMRS ports derived from those SRS resources with the same value of ‘UL-PTRS-ports’ share one PTRS port.
Similar with DL, one PTRS port can be shared for multiple DMRS ports. In RAN1#90bis meeting, for UL codebook-based transmission, when one PTRS port is configured, it was agreed to support gNB to indicate which DMRS port is associated with the PTRS port in UL grant. To clarify the agreement, we prefer the agreement is only used for codebook based transmission with one configured SRS resource and 1 PTRS port is higher layer configured. For other cases, a PTRS port is associated with the lowest DMRS port index of the UL DMRS set, wherein all DMRS ports share one PTRS port. 
Combined with previous agreements, we propose
Proposal 2: In the case when a UE is configured with higher layer parameter ‘UL-PTRS-present’, if UL codebook-based transmission with one configured SRS resource and one PTRS port is higher layer configured, support gNB to indicate to the UE in the UL grant which DMRS port is associated with the PTRS port. Otherwise, a PTRS port is associated with the lowest DMRS port index of one UL DMRS set, wherein all DMRS ports share one PTRS port. 
· Indication of number of DL PTRS ports 
In RAN1 NR ad-hoc#3 meeting, it was agreed that the maximum number of DL PT-RS ports is the same as the number of DMRS groups per PDSCH. In other words, the number of PTRS ports is equal or smaller than the number of DMRS groups. Since the DMRS group information is informed by TCI state, the number of PTRS ports should naturally be informed by TCI state. In order to get the most flexibility and forward compatibility, a PTRS port index can be configured for each DMRS group in each TCI state, wherein PTRS port index can be 0 or 1. 
As shown in table 1, for ithTCI state, PTRS port indices a and b are configured for the two DMRS groups respectively. If two DMRS groups are from the same TRP with one oscillator, both a and b can be equal to 0. But if two DMRS groups are from different TRPs which have independent oscillator, a and b can be configured with 0 and 1 respectively. This method has the good forward compatibility even if 4 DMRS groups are supported since whether and which DMRS groups share one PTRS port can be explicitly indicated. 

Table 1 PTRS port index is configured for each DMRS group
	TCI Parameters
	NZP CSI-RS
	…
	PTRS

	ith TCI state
	DM-RS port group 1
	CSI-RS index 1
	…
	PTRS port a

	
	DM-RS port group 2
	CSI-RS index 2
	…
	PTRS port b

	jth TCI state
	DM-RS port group 1
	CSI-RS index 3
	…
	PTRS port c

	
	DM-RS port group 2
	CSI-RS index 4
	…
	PTRS port d



In RAN1#89 meeting, two QCL association between PTRS port and DMRS port were agreed as follows:
· PDSCH DMRS ports in a PDSCH DMRS group per [bundled PRB] in CC are implicitly assumed QCLed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters). 
· PTRS port and PDSCH DMRS port can be assumed QCL 
· w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters (e.g. PTRS and PDSCH DMRS sharing the same beam)
· w.r.t Doppler spread, Doppler shift  (e.g. PTRS and PDSCH DMRS sharing the same RF chain)
· FFS impact due to configurable association between PTRS port and PDSCH DM-RS port (if supported)
In the case when 2 PTRS ports are configured for 2 DMRS groups, the PTRS port and the DMRS ports within linked DMRS group should be QCLed w.r.t {average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters}. That’s because the PTRS port and the lowest index DMRS port within the linked DMRS group have the same precoder. 
In the case when one PTRS port is configured for two DMRS groups, if two DMRS groups are from separate CWs, the PTRS port can be associated with the lowest index DMRS port within the DMRS group which has highest MCS. Otherwise, the PTRS port can be associated with the lowest index DMRS port within the two DMRS groups, In this case, the PTRS port and the DMRS ports within the linked DMRS group should be QCLed w.r.t {average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters}. Meanwhile, the PTRS port and the DMRS ports within the other DMRS group should be QCLed w.r.t {Doppler spread, Doppler shift}. So PTRS port is associated with the lowest index DMRS port of the linked DMRS group. 
Proposal 3: PTRS port indication is configured in TCI state. In each TCI state, a PTRS port index is configured for each DMRS group, wherein PTRS port index can be 0 or 1. 
· In the case when  PTRS port indices of two DMRS groups are different,, each DMRS group has independent PTRS port. The PTRS port and the DMRS ports within linked DMRS group should be QCLed w.r.t {average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters}.
· In the case when the same PTRS port index is configured for two DMRS groups, the PTRS port and the DMRS ports within the linked DMRS group should be QCLed w.r.t {average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters}. The PTRS port and the DMRS ports within the other DMRS group should be QCLed w.r.t {Doppler spread, Doppler shift}. 
· If two DMRS groups are from separate CWs, the PTRS port is associated with the lowest index DMRS port within the linked DMRS group, wherein the linked DMRS group has highest MCS.
· Otherwise,  the PTRS port is associated with the lowest index DMRS port within the two DMRS groups, wherein the linked DMRS group includes the lowest index DMRS port within the two DMRS groups..

· [bookmark: OLE_LINK22][bookmark: OLE_LINK8]PTRS density in the frequency domain
When the number of scheduled PRBs is smaller than 3, no much performance gain can be achieved for introducing PTRS, but it will surely increase the overhead. So we confirm that no PTRS should be configured when the number of scheduled PRBs is smaller than 3. Based on Agreements#3, ptrsthRB0 should be 3. 
Proposal 4: Support no PTRS when the number of scheduled PRBs is smaller than 3 in the default table.
· PTRS density in the time domain
In previous meetings, some companies proposed to support sparse PTRS for QPSK modulation of PDSCH/PUSCH. However, we don’t see any performance loss for introducing phase noise on such low modulation order. If UE is configured with QPSK demodulation, PTRS should not present. Based on Agreements#3, ptrsthMCS1 should be larger than the maximum value with QPSK demodulation. 
[image: ]
Figure 1 performance comparisons for QPSK modulation
Proposal 5: Support no PTRS for QPSK in the default table.  
· PTRS subcarrier mapping
In RAN1#90bis meeting, both implicit and explicit RE-level offset for selecting subcarrier were agreed for mapping PTRS within a RB. However, there are many details to be decided, especially for two PTRS ports.
As shown in Figure 2, within one RB, there are 6 and 4 subcarriers per DMRS port for DMR type 1 and type 2 respectively. So RE offset can be {0, 2, 4, 6, 8, 10} and {0, 1, 6, 7} for DMRS type 1 and type 2 respectively. Because we have agreed orthogonal PTRS ports for SU, two PTRS ports for one UE should not be mapped on the same subcarrier. As 2 PTRS ports of one UE may be CDMed  for UL, e.g. DMRS port 0 and port 1 are configured with independent UL PTRS ports, it is better to make two PTRS ports FDMed even if the corresponding DMRS ports are CDMed. 
Therefore, we propose 

Proposal 6: For CP-OFDM, within one PRB, following rules should be adopted. n  {0, 2, 4, 6, 8, 10} and {0, 1, 6, 7} for DMRS type 1 and type 2 respectively
· For DMRS type 1,one PTRS port should be mapped on subcarrier (n+0)mod12 or (n+2)mod12 if it is associated with DMRS port 0 or port 1 respectively 
· For DMRS type 1,one PTRS port should be mapped on subcarrier (n+1)mod12 or (n+3)mod12 if it is associated with DMRS port 2 or port 3 respectively
·  For DMRS type 2,one PTRS port should be mapped on subcarrier (n+0)mod12 or (n+1)mod12  if it is associated with DMRS port 0 or port 1 respectively 
·  For DMRS type 2,one PTRS port should be mapped on subcarrier (n+2)mod12 or (n+3)mod12  if it is associated with DMRS port 2 or port 3 respectively 
·  For DMRS type 2,one PTRS port should be mapped on subcarrier (n+4)mod12 or (n+5)mod12  if it is associated with DMRS port 4 or port 5 respectively 

[image: ]
     Type 1                                                       Type 2 
Figure 2 DMRS patterns 
Since TD-OCC of DMRS and PTRS cannot be configured in the same slot based on previous agreements, PTRS is impossible to map on DMRS port set 4-7 and 6-11 for type 1 and type 2 respectively. 
· [bookmark: OLE_LINK7]Association with A/N timing
As we know, front loaded DMRS is mainly for fast demodulation. In other words, if the A/N timing gap between data transmission and ACK/NACK feedback is small, e.g. within the same slot, DMRS should be configured with front loaded pattern only. However, when PTRS is configured, UE also need to demodulate PTRS which is transmitted in the whole slot, and it will delay data demodulation. In order to guarantee self-contained slot structure, PTRS should not be transmitted or should be truncated if A/N timing gap is very small, the corresponding REs can be used to transmitted data to increase system capacity. 
[bookmark: OLE_LINK23]Proposal 7: Support association between PTRS transmission in time domain and A/N timing.
· [bookmark: OLE_LINK6]Zero power PTRS
Since PTRS can also be used for joint channel estimation with DMRS, zero power PTRS should be supported in order to avoid serious intra-cell or inter-cell interference. 
[bookmark: OLE_LINK24]Proposal 8: Support zero power PTRS.
· K selection for chunk based PTRS
In previous meeting, it was agreed that chunk size K is {2,4}. K=1 is FFS. But we do not see performance gain when set K=1 compared to K=2. Also K=1 will increase the complexity of standard. So we propose that K=1 should not be supported.
Proposal 9:K=1 should not be supported.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we focused on the discussion of PTRS and we provide our views as following:
Proposal 1: In the case when a UE is configured with higher layer parameter ‘UL-PTRS-present’, candidate PTRS port indications are configured by an RRC parameter ‘UL-PTRS-ports within each SRS resource configuration and PTRS port(s) for actual transmission is derived dynamically from TPMI and/or SRI.
· For codebook based transmission with configured one SRS resource, the value of ‘UL-PTRS-ports’ 0 and 1 mean the maximum number of PTRS ports is 1 and 2 respectively. the scheduled PTRS port(s) is dynamically derived from TPMI..  
· If TPMI is from codewords for coherent transmission, only 1 PTRS port is scheduled. 
· If TPMI is from codewords for partial coherent or non-coherent transmission, all SRS ports of configured SRS resource are divided into 2 groups. UL DMRS ports derived from the same SRS port group share one PTRS port. Two PTRS ports are scheduled for UL DMRS ports derived from the different SRS port groups. 
· For non-codebook based transmission, the scheduled PTRS port(s) is dynamically derived from SRI. UL DMRS ports derived from those SRS resources with the same value of 'UL-PTRS-ports' share one PTRS port. 
· [bookmark: _GoBack] For codebook based transmission with multiple configured SRS resources(if supported),  the scheduled number of PTRS ports is dynamically derived from both SRI and TPMI.UL DMRS ports derived from those SRS resources with the same value of ‘UL-PTRS-ports’ share one PTRS port.
Proposal 2: In the case when a UE is configured with higher layer parameter ‘UL-PTRS-present’, if UL codebook-based transmission with one configured SRS resource and one PTRS port is higher layer configured, support gNB to indicate to the UE in the UL grant which DMRS port is associated with the PTRS port. Otherwise, a PTRS port is associated with the lowest DMRS port index of oneUL DMRS set, wherein all DMRS ports share one PTRS port. 
Proposal 3: PTRS port indication is configured in TCI state. In each TCI state, a PTRS port index is configured for each DMRS group, wherein PTRS port index can be 0 or 1. 
· In the case when  PTRS port indices of two DMRS groups are different,, each DMRS group has independent PTRS port. The PTRS port and the DMRS ports within linked DMRS group should be QCLed w.r.t {average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters}.
· In the case when the same PTRS port index is configured for two DMRS groups, the PTRS port and the DMRS ports within the linked DMRS group should be QCLed w.r.t {average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters}. The PTRS port and the DMRS ports within the other DMRS group should be QCLed w.r.t {Doppler spread, Doppler shift}. 
· If two DMRS groups are from separate CWs, the PTRS port is associated with the lowest index DMRS port within the linked DMRS group, wherein the linked DMRS group has highest MCS.
· Otherwise,  the PTRS port is associated with the lowest index DMRS port within the two DMRS groups, wherein the linked DMRS group includes the lowest index DMRS port within the two DMRS groups..
Proposal 4: Support no PTRS when the number of scheduled PRBs is smaller than 3 in the default table.
Proposal 5: Support no PTRS for QPSK in the default table.  

Proposal 6: For CP-OFDM, within one PRB, following rules should be adopted. n  {0, 2, 4, 6, 8, 10} and {0, 1, 6, 7} for DMRS type 1 and type 2 respectively
· For DMRS type 1,one PTRS port should be mapped on subcarrier (n+0)mod12 or (n+2)mod12 if it is associated with DMRS port 0 or port 1 respectively 
· For DMRS type 1,one PTRS port should be mapped on subcarrier (n+1)mod12 or (n+3)mod12 if it is associated with DMRS port 2 or port 3 respectively
·  For DMRS type 2,one PTRS port should be mapped on subcarrier (n+0)mod12 or (n+1)mod12  if it is associated with DMRS port 0 or port 1 respectively 
·  For DMRS type 2,one PTRS port should be mapped on subcarrier (n+2)mod12 or (n+3)mod12  if it is associated with DMRS port 2 or port 3 respectively 
·  For DMRS type 2,one PTRS port should be mapped on subcarrier (n+4)mod12 or (n+5)mod12  if it is associated with DMRS port 4 or port 5 respectively 
Proposal 7: Support association between PTRS transmission in time domain and A/N timing.
Proposal 8: Support zero power PTRS.
Proposal 9: K=1 should not be supported.
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