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1
Introduction
In the current specification, there is an inconsistency regarding to UL antenna port indexing. This is generating confusion when implementing UL channels. 

This contribution provide the discussion on the problem of UL MIMO antenna port indexing in the current specification. And, finally provide our text proposals.

We have two proposals in this documents.
First proposal is related to the correction of UL Antenna port indexing.

Because of different view from the companies, we are providing two alternatives of the set of the text proposals.

The second proposal is related to the update of description in DCI field. In TS38.212 DCI format 0_1, Precoding 

2
Discussion

In the current specification, there is an inconsistency regarding to UL antenna port indexing. This is originated from the two UL transmission schemes. Codebook-based, and non-codebook based transmission. 

One is similar to LTE UL, and the other is the similar schemes with NR DL transmission scheme. 

To merge them into one unified scheme, UL has additionally defined a procedure of precoding for both codebook and non-codebook based PUSCH, which is basically transparent in DL. Form this definition, we have defined PUSCH ports after precoding while PDSCH ports and their associated DM-RS port are being defined without (before) precoding. 
For codebook based, this mapping is clear enough, but for non-codebook based transmission, the precoding is not necessarily specified because it is upto UE implementation. Instead adding real precoding matrix for non-codebook based, identical matrix is assumped for maintaining unified UL procedure for both codebook and non-codebook based. 

Thus, for non-codebook based scheme, PUSCH ports are one-to-one mapped to PUSCH layers. 

Another aspect is whether the ports are UE-specifically mapped or shared with UEs in a cell. In DL, PDSCH ports are defined as cell common and they are mapped to the layers of different UEs’. However, in UL, PUSCH/SRS ports are defined as UE-specific ports. On the other hand, since we are using orgthgonal or semi-orthogonal DM-RS ports among different UEs, for both DL and UL, DM-RS ports are defined with a cell-common index. 
In NR DL, since both PDSCH and DL DM-RS are defined as cell-common, it is possible to share the same port indexing. On the other hand, in NR UL, since PUSCH and UL DM-RS are defined differently, they cannot share the same index. In fact, in LTE, we have defined DMRS for UL as UE-specific, and parameterization is used to support multiplexing of different UEs instead of orthogonal port mapping. So, there was no ambiguity to map DMRS and PUSCH port in a UE. 

Regarding to SRS port, in fact, both for codebook based and non-codebook based, PUSCH ports are determined by  SRI and configured SRS ports in the indicated SRS resource. That is, PUSCH ports to be used are mapped to the SRS ports in SRS resource. In that sense, SRS ports can share the antenna port index with PUSCH ports. 

Thus, we propose to correct the current UL port indexing as below.

Proposal 1: Adopt one of the following alternatives for UL antenna port indexing, and the corresponding text proposal.
· Alt 1: Define PUSCH port after precoding only, and use DMRS port only before precoding. 
· DMRS Port from 0
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· PUSCH port from 1000      :  
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· Alt 2: Define both PUSCH and DMRS before and after precoding. 
· PUSCH and DMRS Ports before precoding from 0  
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· PUSCH and DMRS ports after precoding from 1000
: 
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· SRS and PUSCH share the same antenna port index, and update is necessary to enable this. SRS indexing or related text in  TS38.214 shall be corrected  

Text Proposal for alternative 1
================================= Text Proposal for TS38.211 ===============================

6.2
Physical resources
The frame structure and physical resources the UE shall use when transmitting in the uplink transmissions are defined in Clause 4.
The following antenna ports are defined for the uplink:

-
Antenna ports starting with 0 for  demodulation reference signals for PUSCH
-
Antenna ports starting with 1000 for PUSCH and SRS

-
Antenna ports starting with 2000 for PUCCH
-
Antenna port 4000 for PRACH
================================= End of Text proposal  ===============================

================================= Text Proposal for TS38.214 ===============================

6.1.1.1
Codebook based UL transmission

For codebook based transmission, if PUSCH is scheduled by DCI format 0_1, the UE determines its PUSCH transmission precoder based on SRI, TPMI and the transmission rank from the DCI, given by DCI fields of SRS resource indicator and Precoding information and number of layers in subclause 7.3.1.1.2 of [TS 38.212], where the TPMI is used to indicate the precoder to be applied over the layers {0…ν-1} and that corresponds to the SRS resource selected by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the precoder to be applied over the layers {0…ν-1} and that corresponds to the SRS resource. The transmission precoder is selected from the uplink codebook that has a number of antenna ports equal to higher layer parameter nrofSRS-Ports in SRS-Config, as defined in Subclause 6.3.1.5 of [4, TS 38.211]. When the UE is configured with the higher layer parameter txConfig set to 'codebook', the UE is configured with at least one SRS resource. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI before slot n.
For codebook based transmission, the UE determines its codebook subsets based on TPMI and upon the reception of higher layer parameter codebookSubset in PUSCH-Config  which may be configured with 'fullAndPartialAndNonCoherent', or 'partialAndNonCoherent' , or 'nonCoherent' depending on the UE capability. The maximum transmission rank may be configured by the higher parameter maxRank in PUSCH-Config .
A UE reporting its UE capability of 'partialAndNonCoherent' transmission shall not expect to be configured by codebookSubset with 'fullAndPartialAndNonCoherent'. 

A UE reporting its UE capability of 'Non-Coherent' transmission shall not expect to be configured by codebookSubset with 'fullAndPartialAndNonCoherent' or with 'partialAndNonCoherent '.
A UE shall not expect to be configured with the higher layer parameter codebookSubset set to 'partialAndNonCoherent' when higher layer parameter nrofSRS-Ports in an SRS-ResourceSet with usage set to 'codeBook' indicates that two SRS antenna ports are configured.
For codebook based transmission, the UE may be configured with a single SRS-ResourceSet set to 'codeBook' and only one SRS resource can be indicated based on the SRI from within the SRS resource set. The UE shall perform one-to-one mapping from the SRS port(s) in SRS resource indicated in the DCI format 0_1 to the antenna ports 
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 in Subcluase 6.3.1.5 of [4, TS38.211] in increasing order, and, the antenna ports [image: image6.wmf]{
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 in Subclause 6.4.1.1.3 of [4, TS38.211] are determined according to the ordering of DM-RS port(s) given by Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 in Subcalause 7.3.1.1.2 of [5, TS38.212].
The maximum number of configured SRS resources for codebook based transmission is 2. If aperiodic SRS is configured for a UE, the SRS request field in DCI triggers the transmission of aperiodidc SRS resources.
When multiple SRS resources are configured by SRS-ResourceSet with usage set to 'codeBook', the UE shall expect that higher layer parameters nrofSRS-Ports in SRS-ResourceSet in SRS-ResourceSet shall be configured with the same value for all these SRS resources.
6.1.1.2
Non-Codebook based UL transmission

For non-codebook based transmission, the UE can determine its PUSCH precoder and transmission rank based on the wideband SRI when multiple SRS resources are configured, where the SRI is given by the SRS resource indicator in DCI according to subclause 7.3.1.1.2 of [5, 38.212], or the SRI is given by srs-ResourceIndicator according to subclause 6.1.2.3. The UE shall use one or multiple SRS resources for SRS transmission, where the number of SRS resources which can be configured to the UE for simultaneously transmission in the same RBs is a UE capability. Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook'. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI before slot n.
For non-codebook based transmission, the UE can calculate the precoder used for the transmission of precoded SRS based on measurement of an associated NZP CSI-RS resource. A UE can be configured with only one NZP CSI-RS resource for the SRS resource set with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook'.
-
If aperiodic SRS resource set is configured, the associated NZP-CSI-RS for UL channel measurement is indicated via SRS request field in DCI format 0_1 and 1_1, where AperiodicSRS-ResourceTrigger (indicating the association among aperiodic SRS triggering state), triggered SRS resource(s) srs-ResourceSetId, csi-RS (indicating the associated NZP-CSI-RS-ResourceId for UL channel measurement) are higher layer configured in SRS-ResourceSet. A UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the aperiodic NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission is less than 42 OFDM symbols. 
-
If the UE configured with aperiodic SRS associated with aperiodic NZP CSI-RS resource, the presence of the associated CSI-RS is indicated by the SRS request field if the value of the SRS request field is not '00' as in Table 7.3.1.1.2-24 of [5, TS 38.212]. The CSI-RS is located in the same slot as the SRS request field, while any of the tci-States for aperiodic CSI-RS shall not be configured with 'QCL-Type-D'.

-
If periodic or semi-persistent SRS resource set is configured, the NZP-CSI-RS-ResourceConfigID for measurement is indicated via higher layer parameter associatedCSI-RS in SRS-ResourceSet.

The UE shall perform one-to-one mapping from the SRS port(s) in the SRS resource(s) indicated by SRI(s) in the DCI format 0_1 to the antenna ports 
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 in increasing order, and, the antenna ports [image: image8.wmf]{
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 in Subclause 6.4.1.1.3 of [4, TS38.211] are determined according to the ordering of DM-RS port(s) given by Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 in Subcalause 7.3.1.1.2 of [5, TS38.212].
For non-codebook based transmission, the UE does not expect to be configured with both spatialRelationInfo for SRS resource and associatedCSI-RS in SRS-Config for SRS resource set.

For non-codebook based transmission, the UE can be scheduled with DCI format 0_1 when at least one SRS resource is configured in SRS-ResourceSet with usage set to 'nonCodebook'.

=========================== End of Text Proposal for alternative 1===========================

Text Proposal for alternative 2
================================= Text Proposal for TS38.211 ===============================

6.2
Physical resources
The frame structure and physical resources the UE shall use when transmitting in the uplink transmissions are defined in Clause 4.
The following antenna ports are defined for the uplink:

-
Antenna ports starting with 0 for PUSCH before precoding and associated demodulation reference signals before precoding
-
Antenna ports starting with 1000 for SRS, PUSCH after precoding and DMRS after precoding
-
Antenna ports starting with 2000 for PUCCH

-
Antenna port 4000 for PRACH

<Unchanged part omitted>
6.3.1.3
Layer mapping

For the single codeword 
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, the complex-valued modulation symbols for the codeword to be transmitted shall be mapped onto up to four layers according to Table 7.3.1.3-1. Complex-valued modulation symbols 
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 for codeword 
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 shall be mapped onto the layers 
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 is the number of layers and 
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 is the number of modulation symbols per layer.

6.3.1.4
Transform precoding

If transform precoding is not enabled according to 6.1.3 of [6, TS38.214], 
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 for each layer 
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. The set of antenna ports [image: image19.wmf]{
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 shall be determined according to the procedure in [6, TS 38.214], where 
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<Unchanged part omitted>
6.3.1.5
Precoding

The block of vectors 
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 shall be precoded according to
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where 
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. The set of antenna ports 
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 shall be determined according to the procedure in [6, TS 38.214], where 
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<Unchanged part omitted>
6.4
Physical signals
6.4.1
Reference signals
6.4.1.1
Demodulation reference signal for PUSCH
<Unchanged part omitted>
6.4.1.1.3
Precoding and mapping to physical resources 
<Unchanged part omitted>
The intermediate quantity 
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 shall be precoded, multiplied with the amplitude scaling factor [image: image31.wmf]DMRS
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 in order to conform to the transmit power specified in [6, TS 38.214], and mapped to physical resources according to
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where 

-
the precoding matrix 
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 is given by clause 6.3.1.5, 

-
the set of antenna ports 
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 is given by clause 6.3.1.5, and

-
the set of antenna ports [image: image35.wmf]{
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 is given by clause 6.3.1.4, and
<Unchanged part omitted>
=========================== End of Text Proposal for TS38.211 ===========================

================================= Text Proposal for TS38.214 ===============================

6.1.1.1
Codebook based UL transmission

For codebook based transmission, if PUSCH is scheduled by DCI format 0_1, the UE determines its PUSCH transmission precoder based on SRI, TPMI and the transmission rank from the DCI, given by DCI fields of SRS resource indicator and Precoding information and number of layers in subclause 7.3.1.1.2 of [TS 38.212], where the TPMI is used to indicate the precoder to be applied over the antenna ports [image: image36.wmf]{
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and that corresponds to the SRS resource selected by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the precoder to be applied over the antenna ports [image: image37.wmf]{
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and that corresponds to the SRS resource. The transmission precoder is selected from the uplink codebook that has a number of antenna ports equal to higher layer parameter nrofSRS-Ports in SRS-Config, as defined in Subclause 6.3.1.5 of [4, TS 38.211]. When the UE is configured with the higher layer parameter txConfig set to 'codebook', the UE is configured with at least one SRS resource. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI before slot n.
For codebook based transmission, the UE determines its codebook subsets based on TPMI and upon the reception of higher layer parameter codebookSubset in PUSCH-Config  which may be configured with 'fullAndPartialAndNonCoherent', or 'partialAndNonCoherent' , or 'nonCoherent' depending on the UE capability. The maximum transmission rank may be configured by the higher parameter maxRank in PUSCH-Config .
A UE reporting its UE capability of 'partialAndNonCoherent' transmission shall not expect to be configured by codebookSubset with 'fullAndPartialAndNonCoherent'. 

A UE reporting its UE capability of 'Non-Coherent' transmission shall not expect to be configured by codebookSubset with 'fullAndPartialAndNonCoherent' or with 'partialAndNonCoherent '.
A UE shall not expect to be configured with the higher layer parameter codebookSubset set to 'partialAndNonCoherent' when higher layer parameter nrofSRS-Ports in an SRS-ResourceSet with usage set to 'codeBook' indicates that two SRS antenna ports are configured.
For codebook based transmission, the UE may be configured with a single SRS-ResourceSet set to 'codeBook' and only one SRS resource can be indicated based on the SRI from within the SRS resource set. The UE shall perform one-to-one mapping from the SRS port(s) in SRS resource indicated in the DCI format 0_1 to the antenna ports 
[image: image38.wmf]{

}

1

,...,

0

-

r

p

p

 in Subcluase 6.3.1.5 of [4, TS38.211] in increasing order, and, the antenna ports [image: image39.wmf]{
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 in Subclause 6.4.1.1.3 of [4, TS38.211] are determined according to the ordering of DM-RS port(s) given by Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 in Subcalause 7.3.1.1.2 of [5, TS38.212].
The maximum number of configured SRS resources for codebook based transmission is 2. If aperiodic SRS is configured for a UE, the SRS request field in DCI triggers the transmission of aperiodidc SRS resources.
When multiple SRS resources are configured by SRS-ResourceSet with usage set to 'codeBook', the UE shall expect that higher layer parameters nrofSRS-Ports in SRS-ResourceSet in SRS-ResourceSet shall be configured with the same value for all these SRS resources.
6.1.1.2
Non-Codebook based UL transmission

For non-codebook based transmission, the UE can determine its PUSCH precoder and transmission rank based on the wideband SRI when multiple SRS resources are configured, where the SRI is given by the SRS resource indicator in DCI according to subclause 7.3.1.1.2 of [5, 38.212], or the SRI is given by srs-ResourceIndicator according to subclause 6.1.2.3. The UE shall use one or multiple SRS resources for SRS transmission, where the number of SRS resources which can be configured to the UE for simultaneously transmission in the same RBs is a UE capability. Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook'. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI before slot n.
For non-codebook based transmission, the UE can calculate the precoder used for the transmission of precoded SRS based on measurement of an associated NZP CSI-RS resource. A UE can be configured with only one NZP CSI-RS resource for the SRS resource set with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook'.
-
If aperiodic SRS resource set is configured, the associated NZP-CSI-RS for UL channel measurement is indicated via SRS request field in DCI format 0_1 and 1_1, where AperiodicSRS-ResourceTrigger (indicating the association among aperiodic SRS triggering state), triggered SRS resource(s) srs-ResourceSetId, csi-RS (indicating the associated NZP-CSI-RS-ResourceId for UL channel measurement) are higher layer configured in SRS-ResourceSet. A UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the aperiodic NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission is less than 42 OFDM symbols. 
-
If the UE configured with aperiodic SRS associated with aperiodic NZP CSI-RS resource, the presence of the associated CSI-RS is indicated by the SRS request field if the value of the SRS request field is not '00' as in Table 7.3.1.1.2-24 of [5, TS 38.212]. The CSI-RS is located in the same slot as the SRS request field, while any of the tci-States for aperiodic CSI-RS shall not be configured with 'QCL-Type-D'.

-
If periodic or semi-persistent SRS resource set is configured, the NZP-CSI-RS-ResourceConfigID for measurement is indicated via higher layer parameter associatedCSI-RS in SRS-ResourceSet.

The UE shall perform one-to-one mapping from the SRS port(s) in the SRS resource(s) indicated by SRI(s) in the DCI format 0_1 to the antenna ports 
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 in Subclause 6.4.1.1.3 of [4, TS38.211] are determined according to the ordering of DM-RS port(s) given by Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 in Subcalause 7.3.1.1.2 of [5, TS38.212].
For non-codebook based transmission, the UE does not expect to be configured with both spatialRelationInfo for SRS resource and associatedCSI-RS in SRS-Config for SRS resource set.

For non-codebook based transmission, the UE can be scheduled with DCI format 0_1 when at least one SRS resource is configured in SRS-ResourceSet with usage set to 'nonCodebook'.

=========================== End of Text Proposal for alternative 2 ===========================

From the text in 38.214, the antenna port shown in Precoding information and number of layers of DCI 0_1 is determined according to nrofSRS-Ports. But, only described with antenna port without explanation. Ambiguity on the setion should be removed with the addition of following. 
TS38.214 Codebook-based UL
==============================================
 “The transmission precoder is selected from the uplink codebook that has a number of antenna ports equal to higher layer parameter nrofSRS-Ports in SRS-Config, as defined in Subclause 6.3.1.5 of [4, TS 38.211].”

===============================================

Proposal 2: Adopt one of the following Text proposal to remove ambiguity of antenna port indicated
=========================== Text Proposal for TS38.212   ==============================

7.3.1.1.2
Format 0_1

DCI format 0_1 is used for the scheduling of PUSCH in one cell. 

The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTI or new-RNTI:

< Unchanged parts are omitted >
-
Precoding information and number of layers – number of bits determined by the following:
-
0 bits if the higher layer parameter txConfig = nonCodeBook;

-
0 bits for nrofSRS-Ports equal to ‘port1’ and if the higher layer parameter txConfig = codebook;

-
4, 5, or 6 bits according to Table 7.3.1.1.2-2 for nrofSRS-Ports equal to ‘port4’, if txConfig = codebook, and according to the values of higher layer parameters transformPrecoder, maxRank, and codebookSubset;
-
2, 4, or 5 bits according to Table 7.3.1.1.2-3 for nrofSRS-Ports equal to ‘port4’, if txConfig = codebook, and according to the values of higher layer parameters transformPrecoder, maxRank, and codebookSubset;

-
2 or 4 bits according to Table7.3.1.1.2-4 for nrofSRS-Ports equal to ‘port2’, if txConfig = codebook, and according to the values of higher layer parameters maxRank and codebookSubset;

-
1 or 3 bits according to Table7.3.1.1.2-5 for nrofSRS-Ports equal to ‘port2’, if txConfig = codebook, and according to the values of higher layer parameters maxRank and codebookSubset.

==========================  End of Text Proposal ===============================

3
Conclusion

· Proposal 1: Adopt one of the following alternatives for UL antenna port indexing, and the corresponding text proposal.
· Alt 1: Define PUSCH port after precoding only, and use DMRS port only before precoding. 
· DMRS Port from 0
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· PUSCH port from 1000      :  
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· Alt 2: Define both PUSCH and DMRS before and after precoding. 
· PUSCH and DMRS Ports before precoding from 0  
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· PUSCH and DMRS ports after precoding from 1000
: 
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· SRS and PUSCH share the same antenna port index, and update is necessary to enable this. SRS indexing or related text in  TS38.214 shall be corrected  

Proposal 2: Adopt one of the following Text proposal to remove ambiguity of antenna port indicated
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