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1. Introduction
In RAN1 #114 meeting, there was following agreement on PTRS-DMRS association for 8Tx UL transmission [1].
	Agreement
For partial/non-coherent PUSCH, if 2 port PTRS is configured in maxNrofPorts in PTRS-UplinkConfig, and if more than 4 layers is configured in maxMIMO-Layers [or MaxMIMO-LayersDCI-0-2 in PUSCH-ServingCellConfig],
· Alt.1: The size of PTRS-DMRS association field is 4-bit in DCI format 0_1 [or DCI format 0_2].
Table 1: PTRS-DMRS association for UL PTRS ports 0 and 1
	Value of MSB
	DMRS port
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	1
	2nd DMRS port which shares PTRS port 1

	2
	3rd DMRS port which shares PTRS port 0
	2
	3rd DMRS port which shares PTRS port 1

	3
	4th DMRS port which shares PTRS port 0
	3
	4th DMRS port which shares PTRS port 1






In this contribution, we provide some discussion on the remaining issues of PTRS for 8Tx UL transmission in Rel-18.
2. Discussion on PTRS-DMRS association for 8Tx UL
2.1 Current spec on PTRS-DMRS association
In the latest TS38.212 specification [2], the PTRS-DMRS association in DCI format 0_1 is defined as shown in Table 1 (the highlighted color is just for discussion convenience). The spec text in cyan and yellow is applicable to 8Tx UE. The spec text in green is applicable to both 8Tx UE and legacy UE.

[bookmark: _Ref146109486]Table 1 PTRS-DMRS association in Rel-18 for 8Tx UL transmission
	PTRS-DMRS association – number of bits determined as follows
-	0 bit if PTRS-UplinkConfig is not configured in either dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB and transform precoder is disabled, or if transform precoder is enabled, or if maxRank=1 and multipanelScheme is not configured, or if maxRank=1 and maxRankSfn=1, or if maxRank=1 and maxRankSdm=1 when two PTRS ports are configured by maxNrofPortsforSdm;
-	2 or 4 bits otherwise, where Table 7.3.1.1.2-25/7.3.1.1.2-25A/7.3.1.1.2-25B/7.3.1.1.2-26/7.3.1.1.2-26A are used to indicate the association between PTRS port(s) and DMRS port(s), and the DMRS ports are indicated by the Antenna ports field.
-	2 bits when one PTRS port or two PTRS ports are configured by maxNrofPorts in PTRS-UplinkConfig, SRS resource set indicator field is absent or SRS resource set indicator field is present and equals "00" or “01” and maxRank<=4, this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Table 7.3.1.1.2-25 and 7.3.1.1.2-26.
-	…
-	2 bits when one PTRS port is configured by maxNrofPorts in PTRS-UplinkConfig, the SRS resource set indicator field is absent, maxRank>4 and multipanelScheme is not configured, this field indicates the association between PTRS port and DMRS port(s) corresponding to the selected codeword according to Table 7.3.1.1.2-25B, where the selected codeword is the codeword with higher MCS for the initial PUSCH if the MCS indices of the two codewords are different for the initial PUSCH, or codeword 0 otherwise. 
[bookmark: OLE_LINK43]-	4 bits when two PTRS ports are configured by maxNrofPorts in PTRS-UplinkConfig, the SRS resource set indicator field is absent, maxRank>4 and multipanelScheme is not configured, this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Table 7.3.1.1.2-26A.
…

Table 7.3.1.1.2-25: PTRS-DMRS association or Second PTRS-DMRS association for UL PTRS port 0
	Value
	DMRS port

	0
	1st scheduled DMRS port

	1
	2nd scheduled DMRS port

	2
	3rd scheduled DMRS port

	3
	4th scheduled DMRS port


…
Table 7.3.1.1.2-25B: PTRS-DMRS association for UL PTRS port 0, maxRank>4 
	Value
	DMRS port

	0
	1st scheduled DMRS port corresponding to the selected Codeword 

	1
	2nd scheduled DMRS port corresponding to the selected Codeword

	2
	3rd scheduled DMRS port corresponding to the selected Codeword

	3
	4th scheduled DMRS port corresponding to the selected Codeword



Table 7.3.1.1.2-26: PTRS-DMRS association or Second PTRS-DMRS association for UL PTRS ports 0 and 1
	Value of MSB
	DMRS port
	
	Value of LSB
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	
	1
	2nd DMRS port which shares PTRS port 1



Table 7.3.1.1.2-26A: PTRS-DMRS association for UL PTRS ports 0 and 1, maxRank>4
	Value of 2 MSBs
	DMRS port
	Value of 2 LSBs
	DMRS port

	0
	1st DMRS port which shares PTRS port 0
	0
	1st DMRS port which shares PTRS port 1

	1
	2nd DMRS port which shares PTRS port 0
	1
	2nd DMRS port which shares PTRS port 1

	2
	3rd DMRS port which shares PTRS port 0
	2
	3rd DMRS port which shares PTRS port 1

	3
	4th DMRS port which shares PTRS port 0
	3
	4th DMRS port which shares PTRS port 1






In the current spec text, the sub-bullet in green specifies the case that one PTRS port or two PTRS ports are configured and 1<maxRank <= 4. The field is two bits, and either 7.3.1.1.2-25 or 7.3.1.1.2-26 is used depending on the number of PTRS ports.

The sub-bullet in cyan specifies the case that one PTRS port is configured and maxRank > 4. The field is two bits, and Table 7.3.1.1.2-25B is used.

The sub-bullet in yellow specifies the case that two PTRS ports are configured and maxRank > 4. The field is four bits, and Table 7.3.1.1.2-26A is used.

In RAN1 #114bis meeting, the mapping between PUSCH antenna ports and PTRS ports was clarified. For PUSCH transmission with 8 ports, PUSCH antenna port 1000, 1001, 1004 and 1005 in indicated TPMI(s) share PT-RS port 0, and PUSCH antenna port 1002, 1003, 1006 and 1007 in indicated TPMI(s) share PT-RS port 1.

2.2 Issue with current spec

With current spec, for the 8Tx UE configured with two PTRS ports, e.g., partial coherent UE, when maxRank > 4, the PTRS-DMRS association is four bits, and when 1<maxRank <=4, the PTRS-DMRS association is two bits.

However, for the configuration of maxRank>4, the actual rank for uplink transmission could be smaller than 4. For example, maxRank is configured as 8, then Rank-1 to Rank-4 transmission are still possible.

When maxRank>4, for Rank-4 transmission, the PTRS port could be associated with one DMRS port from the first DMRS port to the fourth DMRS port according to the current spec. The current spec can work well for maxRank>4.

However, when maxRank=4, for Rank-4 transmission, the PTRS-DMRS association is two bits, and the PTRS port could be associated with one DMRS port only from the first DMRS port to the second DMRS port. The third DMRS port and the fourth DMRS port are excluded from the association.

For example, for partial coherent UE with two antenna groups (Ng=2), the layer splitting option of (0, 4), (4, 0) and (2, 2) are supported for the 8-port precoder with Rank-4. In such case, one PTRS port could be shared by four layers for layer splitting option (0, 4) and (4, 0). But following the current spec, Table 7.3.1.1.2-26 is used for the UE configured with two PTRS ports, which means one PTRS port are shared by two layers. The third DMRS port and the fourth DMRS port can’t be used for the association.

For partial coherent UE configured with two PTRS ports, taking the following precoder as example, PTRS Port 1 is used and are shared with four layers. However, following the current spec, the third and the fourth DMRS port are excluded from the association with PTRS Port 1, which is not correct.


Observation:
· Following the current spec, when two PTRS ports are configured for UE with 8Tx, the PTRS-DMRS association is two bits when 1<maxRank<=4. The third and the fourth DMRS ports are excluded from the association for some 8-port precoders.

2.3 Proposed solution

In order to fix the issue, for two PTRS ports configuration, when maxRank<=4, the same table as maxRank>4 can be used, i.e., the PTRS-DMRS association is 4 bits and Table 7.3.1.1.2-26A is used.

Proposal 1:
· When two PTRS ports are configured for UE with 8Tx, if 1<maxRank<=4, the PTRS-DMRS association table is the same as the case maxRank>4.

Correspondingly, we have the following TP for TS 38.212.

Proposal 2:
· Adopt the following TP for TS 38.212 regarding PTRS-DMRS association.

	Text proposal to TS 38.212, Section 7.3.1.1.2

…
PTRS-DMRS association – number of bits determined as follows
-	0 bit if PTRS-UplinkConfig is not configured in either dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB and transform precoder is disabled, or if transform precoder is enabled, or if maxRank=1 and multipanelScheme is not configured, or if maxRank=1 and maxRankSfn=1, or if maxRank=1 and maxRankSdm=1 when two PTRS ports are configured by maxNrofPortsforSdm;
-	2 or 4 bits otherwise, where Table 7.3.1.1.2-25/7.3.1.1.2-25A/7.3.1.1.2-25B/7.3.1.1.2-26/7.3.1.1.2-26A are used to indicate the association between PTRS port(s) and DMRS port(s), and the DMRS ports are indicated by the Antenna ports field.
-	2 bits when one PTRS port or two PTRS ports are is configured by maxNrofPorts in PTRS-UplinkConfig, PUSCH transmission is two or four ports, SRS resource set indicator field is absent or SRS resource set indicator field is present and equals "00" or “01” and 1<maxRank<=4, this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Table 7.3.1.1.2-25 and 7.3.1.1.2-26.
-	…
-	2 bits when one PTRS port is configured by maxNrofPorts in PTRS-UplinkConfig, PUSCH transmission is eight ports, the SRS resource set indicator field is absent, 1<maxRank<=4 and multipanelScheme is not configured, this field indicates the association between PTRS port and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Table 7.3.1.1.2-25.
-	2 bits when one PTRS port is configured by maxNrofPorts in PTRS-UplinkConfig, the SRS resource set indicator field is absent, maxRank>4 and multipanelScheme is not configured, this field indicates the association between PTRS port and DMRS port(s) corresponding to the selected codeword according to Table 7.3.1.1.2-25B, where the selected codeword is the codeword with higher MCS for the initial PUSCH if the MCS indices of the two codewords are different for the initial PUSCH, or codeword 0 otherwise. 
-	4 bits when two PTRS ports are configured by maxNrofPorts in PTRS-UplinkConfig, PUSCH transmission is eight ports, the SRS resource set indicator field is absent, maxRank>14 and multipanelScheme is not configured, this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Table 7.3.1.1.2-26A.
…



3. Conclusion
In conclusion, we have the following observation and proposals on PTRS-DMRS association for 8Tx UL transmission in Rel-18.

Observation:
· Following the current spec, when two PTRS ports are configured for UE with 8Tx, the PTRS-DMRS association is two bits when 1<maxRank<=4. The third and the fourth DMRS ports are excluded from the association for some 8-port precoders.

Proposal 1:
· When two PTRS ports are configured for UE with 8Tx, if 1<maxRank<=4, the PTRS-DMRS association table is the same as the case maxRank>4.
Proposal 2:
· Adopt the following TP for TS 38.212 regarding PTRS-DMRS association.

	Text proposal to TS 38.212, Section 7.3.1.1.2

…
PTRS-DMRS association – number of bits determined as follows
-	0 bit if PTRS-UplinkConfig is not configured in either dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB and transform precoder is disabled, or if transform precoder is enabled, or if maxRank=1 and multipanelScheme is not configured, or if maxRank=1 and maxRankSfn=1, or if maxRank=1 and maxRankSdm=1 when two PTRS ports are configured by maxNrofPortsforSdm;
-	2 or 4 bits otherwise, where Table 7.3.1.1.2-25/7.3.1.1.2-25A/7.3.1.1.2-25B/7.3.1.1.2-26/7.3.1.1.2-26A are used to indicate the association between PTRS port(s) and DMRS port(s), and the DMRS ports are indicated by the Antenna ports field.
-	2 bits when one PTRS port or two PTRS ports are is configured by maxNrofPorts in PTRS-UplinkConfig, PUSCH transmission is two or four ports, SRS resource set indicator field is absent or SRS resource set indicator field is present and equals "00" or “01” and 1<maxRank<=4, this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Table 7.3.1.1.2-25 and 7.3.1.1.2-26.
-	…
-	2 bits when one PTRS port is configured by maxNrofPorts in PTRS-UplinkConfig, PUSCH transmission is eight ports, the SRS resource set indicator field is absent, 1<maxRank<=4 and multipanelScheme is not configured, this field indicates the association between PTRS port and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Table 7.3.1.1.2-25.
-	2 bits when one PTRS port is configured by maxNrofPorts in PTRS-UplinkConfig, the SRS resource set indicator field is absent, maxRank>4 and multipanelScheme is not configured, this field indicates the association between PTRS port and DMRS port(s) corresponding to the selected codeword according to Table 7.3.1.1.2-25B, where the selected codeword is the codeword with higher MCS for the initial PUSCH if the MCS indices of the two codewords are different for the initial PUSCH, or codeword 0 otherwise. 
-	4 bits when two PTRS ports are configured by maxNrofPorts in PTRS-UplinkConfig, PUSCH transmission is eight ports, the SRS resource set indicator field is absent, maxRank>14 and multipanelScheme is not configured, this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Table 7.3.1.1.2-26A.
…
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