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Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In this contribution we discuss remaining issues on non-codebook based UL transmission. 
Discussion
Antenna port definition and determination

In subclause 6.3.1.5 of TS38.211 for PUSCH precoding, it is mentioned that ‘The set of antenna ports [image: ] shall be determined according to the procedure in [6, TS 38.214]’. However, the definition of  is not clear, 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 clarified.
When only one SRS resource is configured for non-codebook based UL transmission, there is no DCI field of SRS resource indicator in DCI format 0_1, therefore the transmission rank is 1, the PUSCH precoder is determined by the configured SRS resource. This should be captured in TS 38.214.
Proposal 1: Clarify in TS 38.214 that for non-codebook based UL transmission, if a single SRS resource is configured, the transmission rank is 1.


Proposal 2: Capture the definition and determination procedure of [image: ] for non-codebook based UL transmission in TS38.214 as “The set of antenna ports  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” when multiple SRS resources are configured, and “the antenna port  in subclause 6.3.1.5 of [4, TS 38.211] is the SRS port of the SRS resource”if a single SRS resource is configured. 
Transmission schemes for UL transmission with configured grant 
For non-codebook based PUSCH transmission with dynamic grant and Type 2 PUSCH transmission with configured grant, SRI is indicated by DCI. For Type 1 PUSCH transmission with configured grant, SRI is RRC configured. Therefore the determination procedure of the transmission parameters for Type 1 PUSCH transmission with configured grant would be different from PUSCH transmission with dynamic grant. The UL transmission procedure for Type 1 PUSCH with configured grant should be captured in TS 38.214.
For PUSCH transmission with configured grant, the higher layer parameter txConfig is expected to be always configured. When txConfig is configured, similar transmission schemes as PUSCH transmission with dynamic grant can be used for PUSCH transmission with configured grant Type 1:
For non-codebook based UL transmission, the UE determines the precoder and transmission rank based on the SRI provided by the higher layer parameter srs-ResourceIndicator in rrc-ConfiguredUplinkGrant, and determines the DMRS ports based on higher layer parameters srs-ResourceIndicator and antennaPort in  rrc-ConfiguredUplinkGrant.
Proposal 3: Capture the procedure of non-codebook based Type 1 PUSCH transmission with configured grant in subclause 6.1.1.2 of TS38.214.
According to proposal 1-3, the TP for 38.214 is provided as follows:
-------------------------------------------------------Start of TP for 38.214--------------------------------------------------------------
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 given by SRS resource indicator field from the DCIwhen multiple SRS resources are configured, where the SRI is given by DCI fields of SRS resource indicator in subclause 7.3.1.1.2 of [TS 38.212], or the SRI is given by srs-ResourceIndicator in configuredGrantConfigfor Type 1codebook based transmission with a configured grant. If a single SRS resource is configured, the transmission rank is 1, UE can determine its PUSCH precoder based on the SRS resource. The set of antenna ports  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 when multiple SRS resources are selected among multiple configured SRS resources, or if a single SRS resource is configured or only single SRS resource is selected by SRI the antenna port  in subclause 6.3.1.5 of [4, TS 38.211] is the SRS port of the SRS resource. 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-Config 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.
<Unrelated part omitted>
-----------------------------------------------------------------End of TP ----------------------------------------------------------------
Associated CSI-RS of AP-SRS
In RAN1 #92bis meeting, the following agreement was achieved on associated CSI-RS for AP-SRS for non-codebook based UL transmission[1]:
When the UE is configured with AP-SRS and AP-CSI-RS associated with the AP-SRS for non-codebook based UL transmission, 
· Any of the TCI states in the scheduled CC should not be configured with QCL Type D.
· AP-CSI-RS is located in the same slot as the AP-SRS trigger/request.
· The presence of AP-CSI-RS is (implicitly) indicated via the SRS request field in the DCI.
· The QCL assumption for receiving the associated AP-CSI-RS for non-codebook-based transmission is up to UE implementation 
· Note: This does not preclude the use of the CSI request field to trigger this AP CSI-RS for DL CSI acquisition 
The agreement in RAN1 #92bis meeting that “Any of the TCI states in the scheduled CC should not be configured with QCL Type D”,“AP-CSI-RS is located in the same slot as the AP-SRS trigger/request” , and “The presence of AP-CSI-RS is (implicitly) indicated via the SRS request field in the DCI” is not well captured in TS 38.214. 
In TS38.214, it is specified that “If aperiodic SRS resource is configured, the [CSI-RS information in the same slot TBD] UL channel measurement is indicated via DCI, where the association among aperiodic SRS triggering state, triggered SRS resource(s) srs-ResourceSetId, NZP-CSI-RS-ResourceId, csi-RS are higher layer configured by AperiodicSRS-ResourceTrigger in SRS-Config”. According to TS38.331, the time domain type for SRS is configured per set, and the ID of the associated NZP-CSI-RS of an aperiodic SRS resource set is configured by csi-RS in SRS-Config. Therefore, the text for the indication of the associated NZP-CSI-RS of an aperiodic SRS resource set should be modified.
Proposal 4: Capture the agreements on non-codebook based UL transmission in RAN1 #92bis meeting in TS 38.214, and clarify that the associated NZP-CSI-RS of an aperiodic SRS resource set is indicated by csi-RS in SRS-Config. 
The corresponding TP for proposal 4 is given as follows: 
-------------------------------------------------------Start of TP for 38.214--------------------------------------------------------------
6.1.1.2	Non-Codebook based UL transmission
<Unrelated part omitted>
[bookmark: _Hlk498591525]-	If aperiodic SRS resource set is configured, the [CSI-RS information in the same slot TBD] UL channel measurement is indicated via DCI, where the association among aperiodic SRS triggering state, triggered SRS resource(s) srs-ResourceSetId, NZP-CSI-RS-ResourceId, csi-RS are higher layer configured by AperiodicSRS-ResourceTrigger in SRS-Config NZP-CSI-RS-ResourceConfigID for measurement is indicated via higher layer parameter csi-RS in SRS-Config per set. If the associated NZP CSI-RS resource is aperiodic, the CSI-RS resource is located in the same slot of the DCI with the SRS request for the SRS resource, and the presence of the CSI-RS resource is indicated via the SRS request field in the DCI. If the associated NZP CSI-RS resource is aperiodic, any of the TCI states of the CSI-RS in the scheduled CC should not be configured with QCL Type D. A UE may receive the dynamic SRS transmission request for aperiodic SRS transmission in the same slot as the reception of the DL CSI-RS resource If the associated NZP CSI-RS resource is aperiodic, Aa UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the AP-CSI-RS resource and the first symbol of the AP-SRS transmission is less than 42 OFDM symbols.
<Unrelated part omitted>
-----------------------------------------------------------------End of TP ----------------------------------------------------------------
Power control for non-codebook based UL transmission 
In TS38.213, the power scaling rule for PUSCH is specified as follows:
	




For PUSCH, a UE first scales a linear value  of the transmit power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted. 


For codebook based UL transmission, the “number of configured antenna ports for the transmission scheme” should be the number of antenna ports of one SRS resource for codebook based UL transmission. For non-codebook based UL transmission, the “number of configured antenna ports for the transmission scheme” should be the number of SRS resources that configured for non-codebook based UL transmission.
For non-codebook based UL transmission, only one SRS port for each SRS resource can be configured. If the SRS resources for non-codebook based UL transmission are precoded SRS, the precoder of SRS resources is determined by channel reciprocity, and the precoder of PUSCH is the same as the precoder of SRS resources that are indicated by SRI. The number of antennas used for each SRS transmission is transparent to gNB. If 4 SRS resources are configured, and each SRS resource is transmit with 4 antenna connectors, even if only one SRS resource is indicated by SRI, the maximum transmit power is achievable. If only one antenna connector is used for each SRS resource, it is possible that the maximum transmit power can’t be achieved when only one SRS resource is indicated by SRI. Based on the power scaling rule for PUSCH in TS38.213, a UE can’t transmit with the maximum transmit power for low layer when more than one SRS resources are configured for non-codebook based UL transmission. 
Although the coherent transmission capability of a UE is discussed initially for codebook based UL transmission, it also should be applied to non-codebook based UL transmission. One reason is that if a UE with non-coherent transmission capability, it is not necessary for gNB to configure associated CSI-RS for the SRS resource set for non-codebook based UL transmission. Another reason is that the scaling rule of the power control for non-codebook based UL transmission can be specified separately considering the coherent transmission capability of UE, which may lead to a better PUSCH coverage than a single scaling rule. 
Proposal 5: The coherent transmission capability of a UE also applies to non-codebook based UL transmission.
For a UE with non-coherent transmission capability, i.e. UE transmits each SRS resource with only one antenna connector, then similar scaling rule for PUSCH transmit power as that for codebook based UL transmission proposed in [2] can be considered, that means to predefine one SRI indication for rank 1to be able to transmit with maximum transmit power and other SRI indications follows the scaling rule that the PUSCH transmit power is scaled by the number of antenna ports (SRS resources) with a non-zero PUSCH transmission to the number of configured antenna ports (SRS resources).
For a UE with partial coherent transmission capability, if 4SRS resources are configured and when only one SRS resources is indicated by SRI, the transmit power of PUSCH can be scaled by 1/2 other than 1/4. That is because the UE can transmit each SRS resource with an antenna pair, or with an antenna that can achieve 1/2 maximum transmit power. Then compared to transmit single layer PUSCH with 1/4 transmit power, the coverage of PUSCH can be improved. In order to ensure at least one SRI indication for rank 1 can achieve the maximum transmit power, we can predefine one SRI indication with rank 1 with PUSCH transmit power not to be scaled.
For a UE with full coherent transmission capability, scaling according to the ratio of non-zero PUSCH port and configured antenna ports is not necessary.  UE can transmit each SRS resource with 4, 2 or 1 antenna that can achieve the maximum transmit power. 
According to the discussions in this subclause and the analysis of subclause 2.3 in [2], the following TP for power control of UL transmission can be considered:
--------------------------------------------------------Start of TP for 38.213-------------------------------------------------------------
[bookmark: _Toc510987631]7.1	Physical uplink shared channel





For PUSCH, a UE first scales a linear value  of the transmit power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme except that:
· 

When the number of configure antenna port for the transmission scheme is 1, the scaled power  equals to the transmit power ;
· 

When the DCI field of Precoding information and number of layers in Subclause 7.3.1.1.2 of [TS 38.212] is mapped to index 0 for codebook based transmission, the scaled power  equals to the transmit power ;
· 

When a UE with pusch-TransCoherence set to “nonCoherent”or “partialNonCoherent” and DCI field of SRI in Subclause 7.3.1.1.2 of [TS 38.212] is mapped to index 0 for non-codebook based transmission, the scaled power  equals to the transmit power ;
· 

When a UE with pusch-TransCoherence set to “partialNonCoherent” and DCI field of SRI in Subclause 7.3.1.1.2 of [TS 38.212] is mapped to indexes that indicating one SRS resource other than index 0 for non-codebook based transmission, , the scaled power  is the transmit power  scaled by ratio 1/2; 
· 

When a UE with pusch-TransCoherence set to “fullCoherent” and the transmission scheme is non-codebook based UL transmission, the scaled power  equals to the transmit power ;

. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted. The UL BWP  is the active UL BWP.
<Unrelated part omitted>
-------------------------------------------------------------------End of TP ---------------------------------------------------------------
Proposal 6: Adopt the TP in this subclause for PUSCH transmission power control.
Simultaneous transmission of SRS resources 
In RAN1 #91 meeting, it was agreed that
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
Suppose that a UE is capable of transmitting up to X SRS resources simultaneously, and is configured with N SRS resources for non-codebook based transmission. If there is no restriction on the SRI indication, gNB may indicate SRS resources that cannot be transmitted simultaneously. Therefore, some companies prefer to disallow configuring more than X SRS resources. Other companies suggest that only SRS resources configured in the same symbol can be indicated by gNB when N > X. In our opinion, X represents the number of Tx chains that a UE is equipped with. When N>X, gNB can avoid indicating SRS resources that cannot be transmitted simultaneously through proper SRS resources configuration and indication. For example, the SRS resources that are supposed to be transmitted simultaneously can be configured within the same symbol. Only SRS resources configured in the same symbol can be indicated by gNB simultaneously for spatial multiplexing transmission. 
Allowing N>X implies that PUSCH transmission with beam switching or antenna switching can be supported, which may provide additional diversity gain. The PUSCH transmission with beam switching and/or antenna switching is implicitly supported by current specification. 
For non-codebook based UL transmission, at most one SRS resource set with up to 4 SRS resources can be configured. Each SRS resource is configured with only one SRS port. That means N can take a value from {1,2,3,4}, and similarly X can take a value out of {1,2,3,4}. The typical configurations of (X,N) with N>X are as follows:
Configuration 1:  (X=1, N>1)
As shown in Figure 1-a and Figure 1-b, if more than 1 SRS resources are configured in different symbols, UE is allowed to transmit SRS with different analog beams. 


                               
  (a) A SRS configuration example for X = 1, N=2         (b) A SRS configuration example for X = 1, N=4
Figure 1: Examples of SRS configurations for X = 1, N>1
If a UE is capable of SRS transmission with 1RF2Tx antenna switching, PUSCH transmission with antenna switching can also be supported implicitly if 2 SRS resources are configured with a certain gap. For example, if the guard period for antenna switching for the UE is 2 symbols, when the SRS resources are configured as shown in Figure 2, UE can transmit SRS resources with different antenna elements.


Figure 2: A SRS configuration example for X=1, N=2
If a UE is capable of SRS transmission with 1RF4Tx antenna switching, PUSCH transmission with antenna switching can be supported if the 4 SRS resources are configured with certain gap in between. For periodic and semi-persistent SRS resources the spec allows configuring slot offset per resource which allows SRS resources in a set configured in different slots (e.g, as shown in Figure 3). However, according to current agreement, transmission slot offset is configured per set for aperiodic SRS. As a result, if the SRS resource set for PUSCH transmission is aperiodic, it won’t be configured across slots. Since SRS resources only can be configured in the last 6 symbols of a slot and the gap for UE’s antenna switching is 1 or 2 symbol(s), PUSCH transmission with antenna switching among 4 antennas is not achievable. The UE can be configured with N=2 or N=3 with guard period for antenna switching, then diversity gain from antenna selection also can be obtained. 

                               
Figure 3: A SRS configuration example for X = 1,  N = 4.

Configuration 2:  (X=2, N=4)
As shown in Figure 4, for X=2, N=4, SRS resources can be configured on 2 symbols with 2 SRS resources in each symbol in a slot. The UE can transmit SRS with different analog beams in different symbols. Beam refinement can be obtained. Then SRI can be used to indicate one SRS resource or 2 SRS resources in the same symbol.
PUSCH transmission with antenna switching also can be supported if SRS resources are configured in 2 symbols with 2 SRS resources in each symbol. For the UE with SRS antenna switching capability, if the UE transmits SRS with different antennas in different symbols, diversity gain from antenna selection can be obtained. Then SRI can be used to indicate one SRS resource or 2 SRS resources in the same symbol.


Figure 4: A SRS configuration example for X = 2, N = 4
Proposal 7: PUSCH transmission with antenna switching is not explicitly supported in Rel-15.  
Proposal 8: For non-codebook based UL transmission, when a UE is capable of transmitting with up to X SRS  resources simultaneously, the UE can be configured with more than X SRS resources if X<4.  
Conclusions
In this contribution, we discuss the remaining issues for non-codebook based UL transmission. We propose that:
Proposal 1: Clarify in TS 38.214 that for non-codebook based UL transmission, if a single SRS resource is configured, the transmission rank is 1.


Proposal 2: Capture the definition and determination procedure of [image: ] for non-codebook based UL transmission in TS38.214 as “The set of antenna ports  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” when multiple SRS resources are configured, and “the antenna port  in subclause 6.3.1.5 of [4, TS 38.211] is the SRS port of the SRS resource”if a single SRS resource is configured. 
Proposal 3: Capture the procedure of non-codebook based Type 1 PUSCH transmission with configured grant in subclause 6.1.1.2 of TS38.214.
According to proposal 1-3, the TP for 38.214 is provided as follows:
-------------------------------------------------------Start of TP for 38.214--------------------------------------------------------------
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 given by SRS resource indicator field from the DCIwhen multiple SRS resources are configured, where the SRI is given by DCI fields of SRS resource indicator in subclause 7.3.1.1.2 of [TS 38.212], or the SRI is given by srs-ResourceIndicator in configuredGrantConfigfor Type 1codebook based transmission with a configured grant. If a single SRS resource is configured, the transmission rank is 1, UE can determine its PUSCH precoder based on the SRS resource. The set of antenna ports  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 when multiple SRS resources are selected among multiple configured SRS resources, or if a single SRS resource is configured or only single SRS resource is selected by SRI the antenna port  in subclause 6.3.1.5 of [4, TS 38.211] is the SRS port of the SRS resource. 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-Config 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.
<Unrelated part omitted>
-----------------------------------------------------------------End of TP ----------------------------------------------------------------
Proposal 4: Capture the agreements on non-codebook based UL transmission in RAN1 #92bis meeting in TS 38.214, and clarify that the associated NZP-CSI-RS of an aperiodic SRS resource set is indicated by csi-RS in SRS-Config. 
The corresponding TP for proposal 4 is given as follows: 
-------------------------------------------------------Start of TP for 38.214--------------------------------------------------------------
6.1.1.2	Non-Codebook based UL transmission
<Unrelated part omitted>
-	If aperiodic SRS resource set is configured, the [CSI-RS information in the same slot TBD] UL channel measurement is indicated via DCI, where the association among aperiodic SRS triggering state, triggered SRS resource(s) srs-ResourceSetId, NZP-CSI-RS-ResourceId, csi-RS are higher layer configured by AperiodicSRS-ResourceTrigger in SRS-Config NZP-CSI-RS-ResourceConfigID for measurement is indicated via higher layer parameter csi-RS in SRS-Config per set. If the associated NZP CSI-RS resource is aperiodic, the CSI-RS resource is located in the same slot of the DCI with the SRS request for the SRS resource, and the presence of the CSI-RS resource is indicated via the SRS request field in the DCI. If the associated NZP CSI-RS resource is aperiodic, any of the TCI states of the CSI-RS in the scheduled CC should not be configured with QCL Type D. A UE may receive the dynamic SRS transmission request for aperiodic SRS transmission in the same slot as the reception of the DL CSI-RS resource If the associated NZP CSI-RS resource is aperiodic, Aa UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the AP-CSI-RS resource and the first symbol of the AP-SRS transmission is less than 42 OFDM symbols.
<Unrelated part omitted>
-----------------------------------------------------------------End of TP ----------------------------------------------------------------
Proposal 5: The coherent transmission capability of a UE also applies to non-codebook based UL transmission.
Proposal 6: Adopt the following TP for PUSCH transmission power control.
--------------------------------------------------------Start of TP for 38.213-------------------------------------------------------------
7.1	Physical uplink shared channel





For PUSCH, a UE first scales a linear value  of the transmit power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme except that:
· 

When the number of configure antenna port for the transmission scheme is 1, the scaled power  equals to the transmit power ;
· 

When the DCI field of Precoding information and number of layers in Subclause 7.3.1.1.2 of [TS 38.212] is mapped to index 0 for codebook based transmission, the scaled power  equals to the transmit power ;
· 

When a UE with pusch-TransCoherence set to “nonCoherent”or “partialNonCoherent” and DCI field of SRI in Subclause 7.3.1.1.2 of [TS 38.212] is mapped to index 0 for non-codebook based transmission, the scaled power  equals to the transmit power ;
· 

When a UE with pusch-TransCoherence set to “partialNonCoherent” and DCI field of SRI in Subclause 7.3.1.1.2 of [TS 38.212] is mapped to indexes that indicating one SRS resource other than index 0 for non-codebook based transmission, , the scaled power  is the transmit power  scaled by ratio 1/2; 
· 

When a UE with pusch-TransCoherence set to “fullCoherent” and the transmission scheme is non-codebook based UL transmission, the scaled power  equals to the transmit power ;

. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted. The UL BWP  is the active UL BWP.
<Unrelated part omitted>
[bookmark: _GoBack]-------------------------------------------------------------------End of TP ---------------------------------------------------------------
Proposal 7: PUSCH transmission with antenna switching is not explicitly supported in Rel-15.  
Proposal 8: For non-codebook based UL transmission, when a UE is capable of transmitting with up to X SRS  resources simultaneously, the UE can be configured with more than X SRS resources if X<4.  
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