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1. Introduction

This contribution provides a text proposal for codebook based UL transmission based on current agreements. Some related agreements are shown below.
Agreement:

For codebook-based UL, UE can only be configured with one SRS resource set.
Agreements:
· For non-codebook based UL transmission, 
· The rank of UL transmission is derived from SRI field in UL DCI
· Encoding of the DMRS indicator is determined from the derived rank
· SRI field corresponds to a pre-determined combination of SRS resources, which are configured in the SRS resource set for non-CB-based UL
· The bit-width of SRI field in UL grant is ceiling(log2( [image: image1.png][z ()]



)), where Lmax is maximum number of supported layers and N is the number of configured SRS resources in the set
Agreements:
· For codebook based UL transmission,
· The rank of UL transmission is derived from TRI in UL DCI
· Encoding of the DMRS indicator is determined from the derived rank
· Support joint coding of TPMI and TRI
· The TPMI size and TRI size is based on the 3-state TPMI restriction and maximum TRI restriction
·  Support up to 1-bit SRI, and its bit-width is determined by number of configured SRS resources in the set
2. Discussion
2.1. Remaining issues during email discussion after RAN1#91
During the email discussion after RAN1#91 meeting, some remaining issues on codebook based and non-codebook based UL transmission was discussed. Some companies proposed to limit the same time behavior (e.g. periodic, semi-persistent or aperiodic) for the SRS resources within a SRS resource set. Considering only one SRS resource set can be configured for codebook based UL transmission, this type of restriction may lose some scheduling flexibility. If a UE can only be configured with one type of SRS resource out of P-SRS, SP-SRS and AP-SRS, it implies that P-SRS and SP-SRS are not supported for codebook based UL transmission considering the flexibility of AP-SRS. Without the restriction, at least two types of SRS can be configured for different application scenarios. 

It was also discussed whether to limit a SRS resource set for codebook or non-codebook based UL transmission within one slot. The motivation comes from power control aspect to maintain the same transmit power within a set. However, since intra-slot frequency hopping is needed to cover a large bandwidth, a SRS resource usually occupies multiple symbols in a slot. It is very difficult to ensure sufficient symbols for multiple SRS resources within a slot. On the other hand, the power adjustment among SRS resources due to PUSCH TPC in adjacent slots is known in gNB, and the same transmit power is not necessary in this case. 
Proposal 1: It is left to gNB implementation to configure the time behavior of a SRS resource in the SRS resource set for codebook based transmission without any limitation.
Proposal 2: It is not needed to limit a SRS resource set for CSI acquisition to be transmitted within one slot.
2.2. Modification to current specifications
According to current agreements and RRC parameters, the following modifications to specifications are needed for codebook based UL transmission:
· For non-codebook based transmission, RI which decides the DMRS port indication table to use is derived from SRI as described in 38.212. However, for codebook based transmission, RI is derived from RI/PMI indication (precoding information and number of layers field) rather than SRI.
· Full+Partial+Non-Coherent/Partial+Non-Coherent instead of Fully coherent/Partial coherent should be used for configuration of ULCodebookSubset according to RRC parameters.
· Only one SRS resource set can be configured for codebook based UL according to agreement.
In 38.211, it is described that the set of antenna ports 
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 used for codebook based PUSCH transmission shall be determined according to the procedure in [6, TS 38.214]. However, there is not corresponding description in 38.214 for the antenna ports
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, which are associated with the SRS resource indicated by SRI.
There are two RRC parameters which are associated with codebook/non-codebook based transmission: ulTxConfig = Codebook/NonCodeBook which is used to configure the transmission scheme, and SRS-SetUse= Codebook/Noncodebook which is used to configure the corresponding SRS resource set. In 38.212, the former is used to decide the RI/PMI field, and the latter is used to decide the SRI field. Since the two parameters are independently configured, if a UE configured with ulTxConfig=Codebook is also configured with a SRS resource set with SRS-SetUse=Noncodebook, the UE cannot interpret the DCI correctly. Hence, the case should be avoided. 
Proposal 3: The text proposal below should be considered for consistency with current agreements and RRC parameter list, as well as consistency among different specifications.
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/************************ Start of Text Proposal for 38.212 **************************/
7.3.1.1.2
Format 0_1

/**************************** Unchanged parts omitted*****************************/
-
Antenna ports – number of bits determined by the following

-
2 or 4 bits as defined by Tables 7.3.1.1.2-6/7, if PUSCH-tp=Enabled;

-
3 bits as defined by Tables 7.3.1.1.2-8/9/10/11, if PUSCH-tp=Disabled, DL-DMRS-config-type=1, and DL-DMRS-max-len=1,;

-
4 bits as defined by Tables 7.3.1.1.2-12/13/14/15, if PUSCH-tp=Disabled, DL-DMRS-config-type=1, and DL-DMRS-max-len=2;

-
4 bits as defined by Tables 7.3.1.1.2-16/17/18/19, if PUSCH-tp=Disabled, DL-DMRS-config-type=2, and DL-DMRS-max-len=1;

-
5 bits as defined by Tables 7.3.1.1.2-20/21/22/23, if PUSCH-tp=Disabled, DL-DMRS-config-type=2, and DL-DMRS-max-len=2.

where the value of SRS resource indicator field indicates the corresponding table to use if the higher layer parameter ulTxConfig = NonCodeBook, and the field of precoding information and number of layers indicates the corresponding table to use if the higher layer parameter ulTxConfig = CodeBook, and  the number of CDM groups without data of values 1, 2, and 3 in Tables 7.3.1.1.2-6 to 7.3.1.1.2-23 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively.

-
SRS request – 2 bits as defined by Table 7.3.1.1.2-24.

-
CSI request – 0, 1, 2, 3, 4, 5, or 6 bits determined by higher layer parameter ReportTriggerSize.

-
CBG transmission information – 0, 2, 4, 6, or 8 bits determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for PUSCH.

-
PTRS-DMRS association – number of bits determined as follows

-
0 bit if UL-PTRS-present=OFF and PUSCH-tp=Disabled, or if PUSCH-tp=Enabled;

-
2 bits otherwise, where Table 7.3.1.1.2-25 and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) for UL-PTRS-ports = 1 and UL-PTRS-ports = 2 respectively, and the DMRS ports are indicated by the Antenna ports field.

-
beta_offset indicator – 0 if the higher layer parameter dynamic in uci-on-PUSCH is not configured; otherwise 2 bits as defined by Table 7.3.1.1.2-27.

-
DMRS sequence initialization – 0 if the higher layer parameter PUSCH-tp=Disabled or 1 bit if the higher layer parameter PUSCH-tp=Enabled.

-
UL/SUL indicator – 0 bit for UEs not configured with SUL in the cell; 1 bit for UEs configured with SUL in the cell as defined in Table 7.3.1.1.1-1..

For a UE configured with SUL in a cell, if PUSCH is configured to be transmitted on both the SUL and the non-SUL of the cell and if the number of information bits in format 0_1 for the SUL is not equal to the number of information bits in format 0_1 for the non-SUL, zeros shall be appended to smaller format 0_1 until the payload size equals that of the larger format 0_1.
Table 7.3.1.1.2-1: Bandwidth part indicator 

	Value of BWP indicator field
	Bandwidth part

	1 bit
	2 bits
	

	0 
	00
	First bandwidth part configured by higher layers

	1
	01
	Second bandwidth part configured by higher layers

	
	10
	Third bandwidth part configured by higher layers

	
	11
	Fourth bandwidth part configured by higher layers


Table 7.3.1.1.2-2: Precoding information and number of layers, for 4 antenna ports, if PUSCH-tp=Disabled and ULmaxRank = 2 or 3 or 4
	Bit field mapped to index
	Full+Partial+Non- Coherent
	Bit field mapped to index
	Partial+Non-Coherent
	Bit field mapped to index
	Non-coherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…
	…
	…

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	2 layers: TPMI=0
	4
	2 layers: TPMI=0
	4
	2 layers: TPMI=0

	…
	…
	…
	…
	…
	…

	9
	2 layers: TPMI=5
	9
	2 layers: TPMI=5
	9
	2 layers: TPMI=5

	10
	3 layers: TPMI=0
	10
	3 layers: TPMI=0
	10
	3 layers: TPMI=0

	11
	4 layers: TPMI=0
	11
	4 layers: TPMI=0
	11
	4 layers: TPMI=0

	12
	1 layer: TPMI=4
	12
	1 layer: TPMI=4
	12-15
	reserved

	…
	…
	…
	…
	
	

	19
	1 layer: TPMI=11
	19
	1 layer: TPMI=11
	
	

	20
	2 layers: TPMI=6
	20
	2 layers: TPMI=6
	
	

	…
	…
	…
	…
	
	

	27
	2 layers: TPMI=13
	27
	2 layers: TPMI=13
	
	

	28
	3 layers: TPMI=1
	28
	3 layers: TPMI=1
	
	

	29
	3 layers: TPMI=2
	29
	3 layers: TPMI=2
	
	

	30
	4 layers: TPMI=1
	30
	4 layers: TPMI=1
	
	

	31
	4 layers: TPMI=2
	31
	4 layers: TPMI=2
	
	

	32
	1 layers: TPMI=12
	
	
	
	

	…
	…
	
	
	
	

	47
	1 layers: TPMI=27
	
	
	
	

	48
	2 layers: TPMI=14
	
	
	
	

	…
	…
	
	
	
	

	55
	2 layers: TPMI=21
	
	
	
	

	56
	3 layers: TPMI=3
	
	
	
	

	…
	…
	
	
	
	

	59
	3 layers: TPMI=6
	
	
	
	

	60
	4 layers: TPMI=3
	
	
	
	

	61
	4 layers: TPMI=4
	
	
	
	

	62-64
	reserved
	
	
	
	


Table 7.3.1.1.2-3: Precoding information and number of layers for 4 antenna ports, if PUSCH-tp=Disabled, or if  PUSCH-tp=Enabled and ULmaxRank = 1
	Bit field mapped to index
	Full+Partial+Non- Coherent
	Bit field mapped to index
	Partial+Non-Coherent
	Bit field mapped to index
	Non-coherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…
	…
	…

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	1 layer: TPMI=4
	4
	1 layer: TPMI=4
	
	

	…
	…
	…
	…
	
	

	11
	1 layer: TPMI=11
	11
	1 layer: TPMI=11
	
	

	12
	1 layers: TPMI=12
	12-15
	reserved
	
	

	…
	…
	
	
	
	

	27
	1 layers: TPMI=27
	
	
	
	

	28-31
	reserved
	
	
	
	


Table 7.3.1.1.2-4: Precoding information and number of layers, for 2 antenna ports, ULmaxRank = 2
	Bit field mapped to index
	Full+Partial+Non- Coherent
	Bit field mapped to index
	Non-coherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2
	2
	1 layer: TPMI=2

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	2 layers: TPMI=0
	4
	2 layers: TPMI=0

	5
	2 layers: TPMI=1
	5
	2 layers: TPMI=1

	6
	1 layer: TPMI=4
	6-7
	reserved

	7
	1 layer: TPMI=5
	
	

	8
	2 layers: TPMI=2
	
	

	9-15
	reserved
	
	


Table 7.3.1.1.2-5: Precoding information and number of layers, for 2 antenna ports, ULmaxRank = 1
	Bit field mapped to index
	Full+Partial+Non- Coherent
	Bit field mapped to index
	Non-coherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2
	2
	1 layer: TPMI=2

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	1 layer: TPMI=4
	
	

	5
	1 layer: TPMI=5
	
	

	6-7
	reserved
	
	


/*************************End of Text Proposal for 38.212***************************/

/************************ Start of Text Proposal for 38.214 **************************/
6.1.1
Transmission schemes

Two transmission schemes are supported for PUSCH: codebook based transmission and non-codebook based transmission. The UE is configured with codebook based transmission when the higher layer parameter ulTxConfig is set to 'Codebook', the UE is configured non-codebook based transmission when the higher layer parameter ulTxConfig is set to 'NonCodebook'. 
6.1.1.1
Codebook based UL transmission

For codebook based transmission, the UE determines its PUSCH transmission precoder based on SRI, TRI and TPMI fields from the DCI, where the TPMI is used to indicate the preferred precoder over the SRS ports in the selected SRS resource by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the preferred precoder over the SRS ports. The transmission precoder is selected from the uplink codebook, as defined in Subclause 6.3.1.5 of [4, TS 38.211].
The set of antenna ports 
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 used for codebook based UL transmission is the same as the antenna ports of the SRS resource indicated by the SRI in the DCI scheduling the UL transmission, or the same as the antenna ports of the SRS resource if a single SRS resource is configured.
For codebook based transmission, the UE determines its codebook subsets based on TPMI and upon the reception of higher layer parameter ULCodebookSubset which may be configured with 'Full+Partial+Non-Coherent', or 'Partial+Non-Coherent', or 'Non-Coherent' depending on the UE capability. The maximum transmission rank may be configured by the higher parameter ULmaxRank.
A UE reporting its UE capability of 'Partial+Non-Coherent' transmission shall not expect to be configured by ULCodebookSubset with 'Full+Partial+Non-Coherent'. 

A UE reporting its UE capability of 'Non-Coherent' transmission shall not expect to be configured by ULCodebookSubset with 'Full+Partial+Non-Coherent' or with Partial+Non-Coherent'.

For codebook based transmission, the UE can only be configured with a single SRS resource set and only one SRS resource can be indicated based on the SRI within the SRS resource set. The maximum number of configured SRS resources for codebook based transmission is 2. 
A UE configured with codebook based transmission is not expected to be configured with a SRS resource set associated with the higher layer parameter SRS-SetUse of value ‘NonCodeBook’.
/************************* End of Text Proposal for 38.214************************/
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