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1. Introduction

This contribution discusses remaining issues on R15 transmission schemes, including the association of SRS transmission and SRI, UL transmission procedure with configured grant, antenna ports and precoding determination, as well as clarifications on the power control for UL transmission.
2. Codebook based UL transmission
2.1 Associated SRS transmission of SRI of codebook based UL transmission
In RAN1 #94 meeting , the associated SRS transmission of SRI of non-codebook based UL transmission has been clarified that “ The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS transmission is prior to the PDCCH carrying the SRI before slot n.” Similar clarification is needed for codebook based UL transmission. Secondly, “before slot n” has been agreed to be removed as it is a duplication of “prior to”, but this wasn’t captured in the chairman’s note.
Proposal 1: Clarify on the associated SRS transmission of SRI for codebook based UL transmission in Subclause 6.1.1.1 of TS38.214 that “ The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS transmission is prior to the PDCCH carrying the SRI.”
2.2 Codebook based MIMO with configured grant
PUSCH with configured grant can be codebook based transmission. Therefore, the precoder determination procedure for codebook based PUSCH transmission with configured grant should be defined. For Type 1 PUSCH transmissions with a configured grant, similar precoder determination procedure as PUSCH triggered by DCI format 0_1 can be used except that TPMI/TRI and SRI are given by high layer parameters precodingAndNumberOfLayers, and srs-ResourceIndicator given in ConfiguredGrantConfig. For Type 2 PUSCH transmissions with a configured grant, same precoder determination procedure as PUSCH triggered by DCI format 0_1 can be used.

Proposal 2: Capture the precoder determination procedure for codebook based PUSCH transmission with configured grant in Subclause 6.1.1.1 of TS38.214.

2.3 PUSCH antenna ports definition and determination 
In subclause 6.3.1.5 of TS38.211 for PUSCH precoding, it is specified that ‘The set of antenna ports [image: image1.wmf]{
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 shall be determined according to the procedure in [6, TS 38.214]’. However, the definition of 
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 is missing, and the SRS antenna port determination procedure is not captured in TS38.214. Therefore, the definition and determination procedure of SRS antenna ports should be captured in TS38.214. In TS38.214, the following text highlighted in yellow captures the relationship of the PUSCH precoder and SRS resources/beams. 
	For codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1 or semi-statically configured to operate according to Subclause 6.1.2.3. If this 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]. The TPMI is used to indicate the precoder to be applied over the antenna ports {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 antenna ports {0…ν-1} and that corresponds to the SRS resource.




There is no specification on how the precoder corresponds to the SRS resource in NR, so ‘that corresponds to the SRS resource selected by the SRI’ and ‘that correspond to the SRS resource’ are quite confusing. In subclause 6.3.1.5 of TS38.211 for PUSCH precoding, the relationship of antenna ports {0…ν-1} and antenna ports 
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are defined. In our interpretation, 
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 should be the SRS antenna ports of the SRS resource selected by the SRI when multiple SRS resources are configured or be the SRS antenna ports of the SRS resource if a single SRS resource is configured. Therefore, the definition of 
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 can be captured in TS38.214 and the description that the precoder corresponds to the SRS resource selected by SRI in TS38.214 is not necessary.

Proposal 3: Clarify in Subclause 6.1.1.1 of TS38.214 that:

The set of antenna ports 
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 in subclause 6.3.1.5 of TS 38.211 are the SRS ports in the SRS resource selected by the SRI with an increasing order when multiple SRS resources are configured and are the SRS ports in the SRS resource with an increasing order when a single SRS resource is configured.
The corresponding TP for TS38.214 according to proposal 1-3 is as follows:
	6.1.1.1
Codebook based UL transmission

For codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1 or semi-statically configured to operate according to Subclause 6.1.2.3. If this PUSCH is scheduled by DCI format 0_1 or semi-statically configured to operate according to Subclause 6.1.2.3, the UE determines its PUSCH transmission precoder based on SRI, TPMI and the transmission rank, where the SRI, TPMI and the transmission rank are 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] or given by srs-ResourceIndicator and precodingAndNumberOfLayers according to subclause 6.1.2.3. The TPMI is used to indicate the precoder to be applied over the layers {0…ν-1} and the set of antenna ports 
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 in subclause 6.3.1.5 of [4, TS 38.211] are the SRS ports in the SRS resource selected by the SRI with an increasing order when multiple SRS resources are configured in the SRS resource set with higher layer parameter usage in SRS-ResourceSet set to 'codebook', or if a single SRS resource is configured in the SRS resource set with higher layer parameter usage in SRS-ResourceSet set to 'codebook' TPMI is used to indicate the precoder to be applied over the  layers {0…ν-1} and the set of antenna ports 
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 in subclause 6.3.1.5 of [4, TS 38.211] are the SRS ports in the SRS resource with an increasing order. 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-ResourceSet, 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 transmission is prior to the PDCCH carrying the SRI.



2.4 Clarification on power control for codebook based UL transmission
In TS38.213, the power scaling rule for PUSCH is specified as follows:
	For a PUSCH transmission on active UL BWP 
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, as described in Subclause 12, of carrier 
[image: image10.wmf]f

 of serving cell 
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, a UE first scales a linear value 
[image: image12.wmf])

,

,

,

(

ˆ

,

,

,

PUSCH

l

q

j

i

P

d

c

f

b

 of the transmit power 
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, with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of configured antenna ports for the PUSCH transmission scheme. The UE splits the resulting scaled power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power.


There are several interpretations on “the number of configured antenna ports for the PUSCH transmission scheme” for codebook based UL transmission:
· Interpretation 1: Maximum number of PUSCH layers that UE can support

· Interpretation 2: Number of antenna ports per SRS resource of the SRS resource set for codebook based UL 

Interpretation 2 is the intended behavior in our understanding and it is proposed to clarify this in 38.213.
Proposal 4: Clarify in Subclause 7.1 of TS38.213 on the power scaling rule for PUSCH that: The number of configured antenna ports for codebook based UL transmission is the number of antenna ports per SRS resource in the SRS resource set for codebook based UL transmission.  
3. Non-codebook based UL transmission
3.1 Associated SRS transmission of SRI of codebook based UL transmission

In RAN1 #94 meeting , the associated SRS transmission of SRI of non-codebook based UL transmission has been clarified that “ The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS transmission is prior to the PDCCH carrying the SRI before slot n.” Also, “before slot n” can be deleted as SRI is transmitted in slot n.
Proposal 5: : Clarify on the associated SRS transmission of SRI for non-codebook based UL transmission in Subclause 6.1.1.2 of TS38.214 that “ The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource transmission is prior to the PDCCH carrying the SRI before slot n.”
The corresponding TP is as follows:

	6.1.1.2
Non-Codebook based UL transmission

For non-codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1 or semi-statically configured to operate according to Subclause 6.1.2.3. 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(s) identified by the SRI, where the SRS transmission is prior to the PDCCH carrying the SRI.



3.2 PUSCH antenna ports definition and determination 
Similar to codebook based UL transmission, antenna ports 
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for non-codebook based UL transmission should be captured in TS38.214.
Proposal 6: Clarify in Subclause 6.1.1.2 of TS38.214 that:

The set of antenna ports 
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 in subclause 6.3.1.5 of [4, TS 38.211] are the SRS ports of the SRS resources selected by the SRI with an increasing order, or if a single SRS resource is configured, 
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 in subclause 6.3.1.5 of TS 38.211 is the SRS port of the SRS resource.
The corresponding TP for TS38.214 is as follows:

	6.1.1.2
Non-Codebook based UL transmission

<unrelated part omitted>

The UE shall perform one-to-one mapping from the indicated SRI(s) to the indicated DM-RS ports(s) given by DCI format 0_1 or by ConfiguredGrantConfig according to subclause 6.1.2.3 in increasing order. The set of antenna ports 
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 in subclause 6.3.1.5 of [4, TS 38.211] are the SRS ports of the SRS resources selected by the SRI with an increasing order, or if a single SRS resource is configured, 
[image: image18.wmf]0

p

 in subclause 6.3.1.5 of [4, TS 38.211] is the SRS port of the SRS resource.
<unrelated part omitted>


3.3 Transmission rank determination for non-codebook based UL transmission

For non-codebook based PUSCH transmission, the transmission rank equals to the number of SRS resources that is indicated by SRI. This transmission rank determination procedure should be captured in TS38.214. 
Proposal 7: Capture the following wordings in Subclause 6.1.1.2 of TS38.214 for the transmission rank determination of non-codebook based UL transmission:
	The transmission rank of the PUSCH is the number of SRS resources indicated by the SRI if multiple SRS resources are configured in the SRS resource set with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook', or is 1 when a single SRS resource is configured in the SRS resource set with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook'.


3.4 Clarification on power control for non-codebook based UL transmission
Similar as the problem described in Subclause 2.2, There are several interpretations on “the number of configured antenna ports for the transmission scheme” for non-codebook based UL transmission. In our interpretation, the number of configured antenna port for non-codebook based UL transmission is the number of SRS resources that is configured in the SRS resource set for non-codebook based UL transmission.
Proposal 8: Clarify in Subclause 7.1 of TS38.213 on non-codebook based UL transmission that: the number of configured antenna ports for non-codebook based UL transmission is the number of SRS resources that is configured for the SRS resource set for non-codebook based UL transmission. 
The corresponding TP for TS38.213 according to proposal 4 and 8 is as follows:
	7.1
Physical uplink shared channel

For a PUSCH transmission on active UL BWP 
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, as described in Subclause 12, of carrier 
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 of serving cell 
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, a UE first scales a linear value 
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 of the transmit power 
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, with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of configured antenna ports for the PUSCH transmission scheme, where the number of configured antenna ports equals to higher layer parameter nrofSRS-Ports in SRS-ResourceSet of the SRS resource set with usage set to 'codebook' when the UE is configured with the higher layer parameter txConfig set to 'codebook', or equals to the number SRS resources that are configured in the SRS resource set with usage set to 'nonCodebook' when the UE is configured with the higher layer parameter txConfig set to 'nonCodebook'. The UE splits the resulting scaled power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 




4. Conclusion
In this contribution, we discussed the remaining issues on UL transmission schemes of R15 and proposed several TPs for the specifications. We propose that:
Proposal 1: Clarify on the associated SRS transmission of SRI for codebook based UL transmission in Subclause 6.1.1.1 of TS38.214 that “ The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS transmission is prior to the PDCCH carrying the SRI.”
Proposal 2: Capture the precoder determination procedure for codebook based PUSCH transmission with configured grant in Subclause 6.1.1.1 of TS38.214.

Proposal 3: Clarify in Subclause 6.1.1.1 of TS38.214 that:

The set of antenna ports 
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 in subclause 6.3.1.5 of TS 38.211 are the SRS ports in the SRS resource selected by the SRI with an increasing order when multiple SRS resources are configured and are the SRS ports in the SRS resource with an increasing order when a single SRS resource is configured.
The corresponding TP for TS38.214 according to proposal 1-3 is as follows:
	6.1.1.1
Codebook based UL transmission

For codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1 or semi-statically configured to operate according to Subclause 6.1.2.3. If this PUSCH is scheduled by DCI format 0_1 or semi-statically configured to operate according to Subclause 6.1.2.3, the UE determines its PUSCH transmission precoder based on SRI, TPMI and the transmission rank, where the SRI, TPMI and the transmission rank are 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] or given by srs-ResourceIndicator and precodingAndNumberOfLayers according to subclause 6.1.2.3. The TPMI is used to indicate the precoder to be applied over the layers {0…ν-1} and the set of antenna ports 
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 in subclause 6.3.1.5 of [4, TS 38.211] are the SRS ports in the SRS resource selected by the SRI with an increasing order when multiple SRS resources are configured in the SRS resource set with higher layer parameter usage in SRS-ResourceSet set to 'codebook', or if a single SRS resource is configured in the SRS resource set with higher layer parameter usage in SRS-ResourceSet set to 'codebook' TPMI is used to indicate the precoder to be applied over the  layers {0…ν-1} and the set of antenna ports 
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 in subclause 6.3.1.5 of [4, TS 38.211] are the SRS ports in the SRS resource with an increasing order. 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-ResourceSet, 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 transmission is prior to the PDCCH carrying the SRI.



Proposal 4: Clarify in Subclause 7.1 of TS38.213 on the power scaling rule for PUSCH that: The number of configured antenna ports for codebook based UL transmission is the number of antenna ports per SRS resource in the SRS resource set for codebook based UL transmission.  
Proposal 5: : Clarify on the associated SRS transmission of SRI for non-codebook based UL transmission in Subclause 6.1.1.2 of TS38.214 that “ The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource transmission is prior to the PDCCH carrying the SRI before slot n.”
The corresponding TP for TS38.214 according to proposal 5 is as follows:

	6.1.1.2
Non-Codebook based UL transmission

For non-codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1 or semi-statically configured to operate according to Subclause 6.1.2.3. 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(s) identified by the SRI, where the SRS transmission is prior to the PDCCH carrying the SRI.



Proposal 6: Clarify in Subclause 6.1.1.2 of TS38.214 that:

The set of antenna ports 
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 in subclause 6.3.1.5 of [4, TS 38.211] are the SRS ports of the SRS resources selected by the SRI with an increasing order, or if a single SRS resource is configured, 
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 in subclause 6.3.1.5 of TS 38.211 is the SRS port of the SRS resource.
The corresponding TP for TS38.214 is as follows:

	6.1.1.2
Non-Codebook based UL transmission

<unrelated part omitted>

The UE shall perform one-to-one mapping from the indicated SRI(s) to the indicated DM-RS ports(s) given by DCI format 0_1 or by ConfiguredGrantConfig according to subclause 6.1.2.3 in increasing order. The set of antenna ports 
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 in subclause 6.3.1.5 of [4, TS 38.211] are the SRS ports of the SRS resources selected by the SRI with an increasing order, or if a single SRS resource is configured, 
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 in subclause 6.3.1.5 of [4, TS 38.211] is the SRS port of the SRS resource.
<unrelated part omitted>


Proposal 7: Capture the following wordings in Subclause 6.1.1.2 of TS38.214 for the transmission rank determination of non-codebook based UL transmission:
	The transmission rank of the PUSCH is the number of SRS resources indicated by the SRI if multiple SRS resources are configured in the SRS resource set with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook', or is 1 when a single SRS resource is configured in the SRS resource set with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook'.


Proposal 8: Clarify in Subclause 7.1 of TS38.213 on non-codebook based UL transmission that: the number of configured antenna ports for non-codebook based UL transmission is the number of SRS resources that is configured for the SRS resource set for non-codebook based UL transmission. 
The corresponding TP for TS38.213 according to proposal 4 and 8 is as follows: 
	7.1
Physical uplink shared channel

For a PUSCH transmission on active UL BWP 
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, as described in Subclause 12, of carrier 
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 of serving cell 
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, a UE first scales a linear value 
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 of the transmit power 
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, with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of configured antenna ports for the PUSCH transmission scheme, where the number of configured antenna ports equals to higher layer parameter nrofSRS-Ports in SRS-ResourceSet of the SRS resource set with usage set to 'codebook' when the UE is configured with the higher layer parameter txConfig set to 'codebook', or equals to the number SRS resources that are configured in the SRS resource set with usage set to 'nonCodebook' when the UE is configured with the higher layer parameter txConfig set to 'nonCodebook'. The UE splits the resulting scaled power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 
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