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1	Introduction
This contribution discusses NR Rel-15 MIMO remaining issues, under the agenda of multi-antenna scheme. Following discussions in the last RAN1 meeting [1], we discuss several remaining issues on codebook based uplink transmission and non-codebook based uplink transmission. Relevant TPs are also proposed. 

2	Codebook based uplink transmission
2.1	PUSCH port numbering
In the last RAN1 meeting, there were discussion on the clarification of “PUSCH ports” in RAN1 specification. There were two obvious opinions:
1:  PUSCH port is the output port of precoding operation.
2:  PUSCH port is the input port of precoding operation. That is, PUSCH port is identical to PUSCH layer.
Current NR spec is vague and it causes some confusions. Section 6.3.1.5 in 38.211 has the “antenna ports” as the output ports of precoding, while Section 6.2 defines PUSCH “antenna ports” as similar to DMRS ports, which are on the input side of precoding.
Based on the discussion in the last meeting, we can clarify that PUSCH port shall be associated as the “output port” of precoding operation. We propose:
Proposal 1:	Agree the TP to Section 6.2 of 38.211
================================= Text Proposal for TS38.211 ===============================
The following antenna ports are defined for the uplink:
-	Antenna ports starting with 0 for PUSCH and associated demodulation reference signals for PUSCH
-	Antenna ports starting with 1000 for SRS, PUSCH
-	Antenna ports starting with 2000 for PUCCH
-	Antenna port 4000 for PRACH
================================= End of TP ============================================

Proposal 2:	Agree the TP to Section 6.1.1.1 of 38.214 
================================= Text Proposal for TS38.214 ===============================

[bookmark: _Toc525748105]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, 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 portslayers {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 portslayers {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.
[bookmark: _Hlk512442647][bookmark: _Hlk512442667]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 'fullyAndPartialAndNonCoherent', 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 'fullyAndPartialAndNonCoherent'. 
A UE reporting its UE capability of 'nonCoherent' transmission shall not expect to be configured by codebookSubset with 'fullyAndPartialAndNonCoherent' 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 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. For codebook based transmission, the set of antenna ports  are one-to-one mapped to the SRS ports in the selected SRS resource by the SRI with an increasing order when two SRS resources are configured, or the SRS ports in the configured SRS resource with an increasing order if only one SRS resource is configured.

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-Resource in SRS-ResourceSet shall be configured with the same value for all these SRS resources.
================================= End of TP ============================================



3	Non-codebook based uplink transmission
3.1	Simultaneous transmission of SRS resources

During RAN1 #91 meeting, this agreement has been reached for simultaneous transmission of SRS resources, for non-codebook based UL transmission:
	Agreement:
For non-codebook based UL transmission, the UE can only be configured for one SRS resource set with the following details:
· The UE can be configured to simultaneously transmit up to X SRS resources
· X is part of UE capability signalling
· The SRS resources transmitted simultaneously occupy the same RBs



The UE feature 2-54a has already defined the X as part of UE capability signaling.
	
	2-54a
	Simultaneous SRS Tx
	1. Maximum number of simultaneous transmitted SRS resources per CC at one symbol for NCB PUSCH

	
	Yes
	Only one SRS resource can be transmitted at a given time
	Type 1
	No need
	N.A.
	
	
	
	Candidate Value Set: 
{1, 2, 3, 4}
	



Based on last meeting’s discussion, there are at least three options on the number of maximum configurable SRS resources for one UE, with report of X maximum number of simultaneous transmitted SRS resources.
	X (number of simultaneously transmit SRS resources)
	Option-1: Maximum number of configurable SRS resources
	Option-2: Maximum number of configurable SRS resources

	1
	1
	4

	2
	2
	4

	3
	3
	4

	4
	4
	4



When there is no limitation on the maximum number of configurable SRS resources, Option 2 would be the default case, where the maximum number of configuration SRS sources is limited by the maximum number of supported SRS resources, which is 4, for non-codebook SRS resource set.
When Option 2 is assumed, there might be ambiguity on the SRI(s) when the configured SRS resource number is greater than X. For example, when X=2 or X=3, we assume that the configured SRS resource number is 4. The UE will at least transmit these configured SRS resources twice because the number of simultaneously transmitting SRS is X=2 or X=3. Besides, the SRI field will have 4 bits because the configured SRS resource number is 4.
Based on 38.214:
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 before slot n.
Since there will be at least two SRS transmissions, there will be at least two SRI. With this configuration, UE needs some SRI convention to differentiate the SRS ports in the two SRI. If X=2, the first SRI may have the format of “xx00”; and the 2nd SRI may have the format of “00xx”. The 38.214 text:
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.
with “one-to-one mapping” “in increasing order”, UE should be able to distinguish its SRS ports because UE initiates its SRS transmissions with simultaneously transmitting SRS resources.
Proposal 3:	This is no need to clarify SRI when the number of SRS resources is configured to be more than the number of simultaneously transmit SRS resources. 

4	Conclusions
This contribution discusses various remaining issues on multi-antenna schemes. Our proposals are listed here.
Proposal 1:	Agree the TP to Section 6.2 of 38.211
================================= Text Proposal for TS38.211 ===============================
The following antenna ports are defined for the uplink:
-	Antenna ports starting with 0 for PUSCH and associated demodulation reference signals for PUSCH
-	Antenna ports starting with 1000 for SRS, PUSCH
-	Antenna ports starting with 2000 for PUCCH
-	Antenna port 4000 for PRACH
================================= End of TP ============================================

Proposal 2:	Agree the TP to Section 6.1.1.1 of 38.214 
================================= Text Proposal for TS38.214 ===============================

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, 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 portslayers {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 portslayers {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 'fullyAndPartialAndNonCoherent', 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 'fullyAndPartialAndNonCoherent'. 
A UE reporting its UE capability of 'nonCoherent' transmission shall not expect to be configured by codebookSubset with 'fullyAndPartialAndNonCoherent' 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 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. For codebook based transmission, the set of antenna ports  are one-to-one mapped to the SRS ports in the selected SRS resource by the SRI with an increasing order when two SRS resources are configured, or the SRS ports in the configured SRS resource with an increasing order if only one SRS resource is configured.

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-Resource in SRS-ResourceSet shall be configured with the same value for all these SRS resources.
================================= End of TP ============================================


Proposal 3:	This is no need to clarify SRI when the number of SRS resources is configured to be more than the number of simultaneously transmit SRS resources. 
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