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1	Introduction
This is the Feature Lead summary contribution for all relevant submissions under AI 7.1.2.1 on non-codebook based uplink transmission in RAN1 #94 meeting. Total of 15 contributions are submitted under this agenda. These non-codebook based transmission issues are listed in this summary contribution based on the submissions [1]-[15]. Related proposals are also summarized for discussion. 

2	Editorial changes
This section covers a few “simple” editorial TP on non-codebook based uplink transmission. Proposal 1 is based on Samsung’s TP to 6.1.1.2 of 38.214.
Proposal 1: Agree this TP to 6.1.1.2 of 38.214:
----------------------------------------------------Start of TP ----------------------------------------------------------------
For non-codebook based transmission, the UE does not expect to be configured with both spatialRelationInfo for SRS resource and associatedCSI-RS in SRS-ConfigSRS-ResourceSet 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 TP ----------------------------------------------------------------
Companies’ opinions on Proposal 1 are captured here:
	Company
	Views

	Samsung
	Support

	Nokia, NSB
	Support

	LGE
	Ok, but also remove the duplication in the last phrase “for SRS resource set”

	vivo
	Support

	OPPO
	Support

	Intel
	Support

	InterDigital
	Same comment as LG

	Huawei/HiSi
	Support

	ZTE
	Support




Another issue is related to the 1Tx support for DCI format 0_0, which is also related to codebook-based uplink transmission. Based on the submissions, there are two TPs to address 1Tx support for DCI format 0_0. Proposal 2 and Proposal 3 below are based on Huawei’s and Ericcson’s proposals, respectively.
Proposal 2: Agree this TP to Section 6.1.1 of 38.214
----------------------------------------------------Start of TP ----------------------------------------------------------------
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 txConfig in PUSCH-Config  is set to 'codebook', the UE is configured non-codebook based transmission when the higher layer parameter txConfig is set to 'nonCodebook'. If the higher layer parameter txConfig is not configured, the PUSCH transmission is based on one PUSCH antenna port, which is triggered by DCI format 0_0. If the higher layer parameter txConfig is configured and the PUSCH is scheduled by DCI format 0_0, the PUSCH transmission is based on single antenna port.
----------------------------------------------------End of TP ----------------------------------------------------------------
Companies’ opinions on Proposal 2 are captured here:
	Company
	Views

	Huawei
	Support

	Nokia, NSB
	Support

	LGE
	Ok

	OPPO
	OK. This TP is also discussed in codebook section.

	Intel
	This is OK. It is also captured in codebook summary. We can discuss it together.

	InterDigital
	OK. Instead of introducing a new sentence, it may be better to combine the last two sentences, and simply say; “If PUSCH is scheduled by DCI format 0_0, the PUSCH transmission is based on single antenna port.”.

	Samsung
	Support




Proposal 3: Agree this TP to Section 6.1.1.2 of 38.214
----------------------------------------------------Start of TP ----------------------------------------------------------------
6.1.1.2 Non-Codebook based UL transmission 
[bookmark: _GoBack]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.  If this PUSCH is scheduled by DCI format 0_0, single antenna port transmission is used.  The 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 ubclause 7.3.1.1.2 of [5, 38.212], or the SRI is given by srs-ResourceIndicator according to ubclause 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.
----------------------------------------------------End of TP ----------------------------------------------------------------
Companies’ opinions are captured here:
	Company
	Views

	Ericsson
	Support

	Nokia, NSB
	Not sure that non-codebook based transmission can be used under DCI format 0_0.

	LGE
	Similar view with Nokia

	vivo
	Support

	OPPO
	Similar view with Nokia

	Intel
	This TP is connected the one above, and we can try to merge one.

	InterDigital
	Support

	Huawei/HiSi
	Support the first part. But, the second part is better be described in 6.1.1 as in Proposal 2.

	Samsung
	Support

	ZTE
	Similar view as Nokia



Another editorial change is on SRS timing from CATT.
Proposal 4: Adopt the following TP for Subclause 6.1.1.2 of TS38.214:
	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 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 resource transmission is prior to the PDCCH carrying the SRI before slot n.



Companies’ opinions are captured here:
	Company
	Views

	CATT
	Support

	Nokia, NSB
	Support.

	LGE
	Ok

	OPPO
	OK

	Intel
	We suggest keeping “before slot n”.

	Huawei/HiSi
	Support.




3	SRS associated CSI-RS for non-CB based transmission
The first issue on SRS associated CSI-RS is related the RRC parameters spatialRelationInfo and associatedCSI-RS. 
Proposal 5 is based on ZTE’s proposal:
Proposal 5: For non-codebook based UL, either spatialRelationInfo for all the SRS resources or associatedCSI-RS for the SRS resource set shall be configured.
Companies’ opinions are captured here:
	Company
	Views

	ZTE
	Support
We shared our thought on codebook based UL. Our intention is to clarify if the specification allows neither spatialRelationInfo or associatedCSI-RS is configured for UE. Our understanding is that allowing this configuration achieves nothing but higher UE complexity.

	LGE
	Current specification mentioning UE does not expect both parameters are configured seems sufficient. No need to more optimizations or restrictions.

	vivo
	Not needed.

	Intel
	Agree with LGE

	Samsung
	Not needed




A more detailed UE behavior under P/SP SRS resource set and AP-SRS resource set is proposed in Proposal 6 by LG.
Proposal 6: Agree TP to 6.1.1.2 of 38.214:
----------------------------------------------------Start of TP ----------------------------------------------------------------
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 periodic or semi-persistent SRS resource set, and the UE does not expect to be configured with both spatialRelationInfo for SRS resource and csi-RS for aperiodic 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 TP ----------------------------------------------------------------

Companies’ opinions are captured here:
	Company
	Views

	LG
	Support

	OPPO
	Support

	Intel
	We do not think this is necessary.

	Huawei/HiSi
	Not support. Triggering of AP CSI-RS is available only if AP CSI-RS is not configured with QCL type-D. So, we don’t need this restriction.

	Samsung
	Support

	ZTE
	Okay



Intel proposed to provide more details on spatialRelationInfo in Proposal 7.
Proposal 7: Agree TP to 6.1.1.2 of 38.214:
----------------------------------------------------Start of TP ----------------------------------------------------------------
For non-codebook based transmission, the UE does not expect to be configured with both spatialRelationInfo for SRS resource and associatedCSI-RS or csi-RS in SRS-Config for SRS resource set. UE shall expect spatialRelationInfo for SRS resource(s) indicated by SRI(s) in the DCI format 0_1 should be the same if configured.
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 TP ----------------------------------------------------------------
Companies’ opinions are captured here:
	Company
	Views

	Intel
	Support
Clarification: This is to avoid simultaneous multi-beam transmission in UE side, which is not in Rel-15 scope.

	Huawei/HiSi
	Not support. No reason to have additional restriction.

	Samsung
	Not needed

	ZTE
	Not needed.
We don’t think this restriction is necessary. Whether and how to allow simultaneous transmission of different SRS resources have already been addressed in spec. There’s no issue to let the current operation in RAN1 spec work well. 



Lenovo, Motorola Mobility has three proposals:
Proposal 8: UE could receive the aperiodic CSI-RS resource associated with the SRS resource set with the spatial domain transmission filter indicated by higher layer parameter spatialRelationInfo. 
Proposal 9: For non-codebook-based PUSCH transmission, when associated CSI-RS is not configured, but SRS-SpatialRelationInfo is configured, the precoder for the SRS resource is based on measurement of a DL RS resource (SSB or CSI-RS) provided by the SRS-spatialRelationInfo.
Proposal 10: For SRS resource set with usage set to ‘nonCodebook’, when SRS-SpatialRelationInfo is not configured, but associated CSI-RS is configured, all SRS resources in the SRS resource set are transmitted with the same spatial domain filter that was used to receive the associated CSI-RS.
Companies’ opinions are captured here:
	Company
	Views

	Lenovo, Motorola Mobility
	Support

	Nokia, NSB
	P8/P9/P10 operations are typical assumed operations in the spec for parameter spatialRelationInfo and associatedCSI-RS. Do we need further clarification?

	Intel
	Agree with Nokia. We do no need it.

	Huawei/HiSi
	Not needed.

	Samsung
	Not needed




Further clarification on AP-SRS associated CSI-RS is proposed by CATT in Proposal 11.
Proposal 11: Adopt the following TP for Subclause 6.1.1.2 of TS38.214:
----------------------------------------------------Start of TP ----------------------------------------------------------------
-	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 between aperiodic SRS triggering state and SRS resource sets), 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. 
----------------------------------------------------End of TP ----------------------------------------------------------------
Companies’ opinions are captured here:
	Company
	Views

	CATT
	Support

	vivo
	Support

	Intel
	Support

	Huawei/HiSi
	Not needed.

	Samsung
	OK

	ZTE
	Support




Another clarification TP on related issue is proposed by CATT in Proposal 12.
Proposal 12: Adopt the following TP for Subclause 6.1.1.2 of TS38.214:
----------------------------------------------------Start of TP ----------------------------------------------------------------
-	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 the UE configured with aperiodic SRS associated with aperiodic NZP CSI-RS resource, any of the TCI states configured in the scheduled CC shall not be configured with 'QCL-TypeD'.
----------------------------------------------------End of TP ----------------------------------------------------------------
Companies’ opinions are captured here:
	Company
	Views

	CATT
	Support

	LGE
	Seems not necessary to change current spec wording.

	vivo
	Support

	OPPO
	Support the TP.

	Intel
	Support

	Huawei/HiSi
	Not needed.

	Samsung
	OK, not strictly necessary but more precise

	ZTE
	The original wording seems clear enough. 





4	Simultaneously transmitted 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



Last meeting there were two alternatives to address this issue without agreement.
Alt 1: Support Option-1 when associated CSI-RS is configured and Option-2 when associated CSI-RS is not configured
	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

	4
	4
	4


· The number of SRS resources that can be configured for non-codebook UL transmission is a UE capability

Alt 2:		For non-codebook based transmission, 
· The number of SRS resources that can be configured for non-codebook UL transmission is a UE capability
· Add one component to UE feature 2-15 as shown below:

	
	2-15
	non-codebook based PUSCH transmission
	1. Maximal number of supported layers (non-codebook transmission scheme): 
2.  Supported max number of SRS resource per set (SRS set use is configured as for non-codebook).
	2-12
	Yes
	No support of non-codebook based PUSCH transmission
	Type 3
	N.A.
	N.A.
	
	
	
	Component-1 candidate values: {“No non-codebook based MIMO”, 1, 2, 4}
Component-2
Candidate value: {1, 2, 3, 4}

	



The related proposals based on submissions for this meeting are shown below: 
Vivo proposal: All the resources within the set configured for non-codebook based transmission could be simultaneously transmitted;
OPPO proposal: For non-codebook based transmission, the maximal number of configurable SRS resources can be a UE capability.
Ericsson proposal: 
· UEs are not restricted from transmitting more SRS resources than they can transmit simultaneously, as this restriction could preclude PUSCH antenna selection via SRI.
· When the UE is configured with more SRS resources than SRS or PUSCH layers that it can simultaneously transmit, a fixed rule determines a subset of SRS resource combinations that can be used by the UE.
Nokia proposal: Support to include the maximum number of SRS resource for non-codebook SRS set as UE capability.
Qualcomm proposal:	When X is the maximum number of simultaneously transmitted SRS resources for a UE, the UE can be configured with up to X SRS resources for non-codebook-based UL.
Based on these opinion, we can have at least 2 alternatives:
Proposal 13: For non-codebook based transmission, support one of the alternatives below:
Alt 1:	the maximal number of configurable SRS resources is a UE capability for non-codebook based transmission;
Alt 2: All the resources within the set configured for non-codebook based transmission could be simultaneously transmitted.
Companies’ opinions are captured here:
	Company
	Views

	OPPO
	Support Alt 1. Also fine with Alt.2.

	Vivo
	Alt 2

	Nokia, NSB
	Support Alt 1

	LGE
	Support Alt 1.

	Intel
	This can be jointly discussed with proposal 7

	Huawei/HiSi
	Not support Alt 2 and neutral on Alt 1.

	Samsung
	Alt 1




Another proposal is related to the maximum number of CSI-RS ports by Qualcomm in Proposal 14: 
Proposal 14: The maximum number of ports in the CSI-RS resource associated with a SRS resource set for non-codebook-based UL transmission is a UE capability.
Companies’ opinions are captured here:
	Company
	Views

	Qualcomm
	Support

	Intel
	Support

	Huawei/HiSi
	Not support. How to calculate CSI-RS resource and determine precoding matrix is an UE’s implementation issue.




5	Support of grant type-1/type-2 PUSCH transmission
Proposal 15 is from CATT to address the grant type-1/type-2 PUSCH transmission.
Proposal 15: Agree the TP to 6.1.1.2 of 38.214
----------------------------------------------------Start of TP ----------------------------------------------------------------
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) in thegiven by DCI format 0_1 or ConfiguredGrantConfig according to subclause 6.1.2.3 in increasing order. 
<unrelated part omitted>
----------------------------------------------------End of TP ----------------------------------------------------------------
Companies’ opinions are captured here:
	Company
	Views

	CATT
	Support

	Nokia, NSB
	Support

	Huawei/HiSi
	Support




Proposal 16 needs to confirm the working assumption in last meeting.
Proposal 16: Confirm the working assumption of TP to 38.214, Section 6.1.1.2:
-------------------------------------------------------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 DCI 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 [TS 38.212], or the SRI is given by srs-ResourceIndicator according to subclause 6.1.2.3.
-----------------------------------------------------------------End of TP ----------------------------------------------------------------
Companies’ opinions are captured here:
	Company
	Views

	Nokia, NSB
	Support

	Huawei/HiSi
	Support.




6.	Other clarifications for non-CB based transmission
Ericsson proposed a clarification on PUSCH layer for non-CB based transmission in Proposal 17:
Proposal 17: Agree the TP for 6.1.1.2 of 38.214:
----------------------------------------------------Start of TP ----------------------------------------------------------------
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. Each layer of the PUSCH is transmitted with the same precoding as each SRS resource selected by the SRI. 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.
----------------------------------------------------End of TP ----------------------------------------------------------------
Companies’ opinions are captured here:
	Company
	Views

	Ericsson
	Support

	OPPO
	Support

	Huawei/HiSi
	Support.




Another Ericsson’s proposal discusses on the minimum SRS transmission gaps for non-codebook based transmission, similar to the codebook based cases.
Proposal 18: Specify minimum gaps to be used between any two SRS resources used in non codebook based transmission
· Use the gaps defined for antenna switching in Table 6.2.1.2-1 of 38.214.
Companies’ opinions are captured here:
	Company
	Views

	Ericsson
	Support

	Nokia, NSB
	This proposal will depend on the SRS gap discussion in codebook based transmission. 

	OPPO
	Not needed, as our proposal in codebook section.

	Intel
	We can jointly discuss this issue together with that in CB AI

	Huawei/HiSi
	Agree with Intel.

	ZTE
	Same issue as in CB based UL, which can be discussed together.




7	Other issues
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Appendix – Proposals from companies
Proposals from different companies related to non-codebook based transmission are listed in the following, based on the related conclusion part of the corresponding contributions [1] to [15].

	Huawei, HiSilicon [1]		R1-1808146



	Change Request for TS 38.214 v15.2.0, Section 6.1.1 [1]
[bookmark: _Toc510988217]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 txConfig in PUSCH-Config  is set to 'codebook', the UE is configured non-codebook based transmission when the higher layer parameter txConfig is set to 'nonCodebook'. If the higher layer parameter txConfig is not configured, the PUSCH transmission is based on one PUSCH antenna port, which is triggered by DCI format 0_0. If the higher layer parameter txConfig is configured and the PUSCH is scheduled by DCI format 0_0, the PUSCH transmission is based on single antenna port.
<…>




	ZTE [2]		R1-1808194


Proposal 3: For non-codebook based UL, either spatialRelationInfo for all the SRS resources or associatedCSI-RS for the SRS resource set shall be configured.

	vivo [3]		R1-1808219


The following text proposal needs to be explicitly captured in the spec to make UE behavior clear.
Proposal 3: All the resources within the set configured for non-codebook based transmission could be simultaneously transmitted;
Proposal 4: Text proposals for 38.214 Section 6.1.1.2
	< Unchanged parts are omitted >
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. All the resources within the set for non-codebook based transmission could be simultaneously transmitted. 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.
< Unchanged parts are omitted >




	Fujitsu [4]		R1-1808311


No proposal for non-codebook based uplink transmission.

	CATT [5]		R1-1808373


Proposal 3: Adopt the following TP for Subclause 6.1.1.2 of TS38.214:
	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) in thegiven by DCI format 0_1 or ConfiguredGrantConfig according to subclause 6.1.2.3 in increasing order. 
<unrelated part omitted>




Proposal 5: Adopt the following TP for Subclause 6.1.1.2 of TS38.214 on the definition and determination of for non-codebook based UL transmission:
	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) in the DCI format 0_1 in increasing order. 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, or if a single SRS resource is configured,  in subclause 6.3.1.5 of [4, TS 38.211] is the SRS port of the SRS resource.
<unrelated part omitted>



Proposal 10: Adopt  the following TP for Subclause 6.1.1.2 of TS38.214:
	[bookmark: _Toc517439503]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(s) identified by the SRI, where the SRS resource transmission is prior to the PDCCH carrying the SRI before slot n.



Proposal 11: Adopt  the following TP for Subclause 6.1.1.2 of TS38.214:
	-	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 between aperiodic SRS triggering state and SRS resource sets), 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. 



Proposal 12: Adopt  the following TP for Subclause 6.1.1.2 of TS38.214:
	-	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 the UE configured with aperiodic SRS associated with aperiodic NZP CSI-RS resource, any of the TCI states configured in the scheduled CC shall not be configured with 'QCL-TypeD'.



	LG [6]		R1-1808485


//////////////////////////////////////////////////////////// Start Text Proposal //////////////////////////////////////////////////////////////
6.1.1.2	Non-Codebook based UL transmission
--------------- Unchanged parts omitted -------------
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'.
[bookmark: _Hlk515954588]-	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 indicated SRI(s) to the indicated DM-RS ports(s) in the DCI format 0_1 in increasing order.
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 periodic or semi-persistent SRS resource set, and the UE does not expect to be configured with both spatialRelationInfo for SRS resource and csi-RS for aperiodic 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 Text Proposal //////////////////////////////////////////////////////////////

	Lenovo, Motorola Mobility [7]		R1-1808549


Proposal 1: UE could receive the aperiodic CSI-RS resource associated with the SRS resource set with the spatial domain transmission filter indicated by higher layer parameter spatialRelationInfo. 
Based on the above proposal, we provide the follow TP:
Here is a text proposal for [TS 38.214] for capturing this missing UE behavior.
Text proposal for non-codebook based UL transmission if aperiodic CSI-RS is associated with a SRS resource set for non-codebook [TS 38.214, Section 6.1.1.2]:
-------------------------------------------------------Start of TP for 38.214----------------------------------------------------------
6.1.1.2	Non-codebook based UL transmission
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 if it is associated with a periodic or sime-persistent CSI-RS resource.
The UE shall receive the CSI-RS resource with the spatial domain transmission filter indicated by spatialRelationInfo when a aperiodic CSI-RS is associated with a SRS resource set.
----------------------------------------------------------------End of TP --------------------------------------------------------------

Proposal 2: For non-codebook-based PUSCH transmission, when associated CSI-RS is not configured, but SRS-SpatialRelationInfo is configured, the precoder for the SRS resource is based on measurement of a DL RS resource (SSB or CSI-RS) provided by the SRS-spatialRelationInfo.
Here is a text proposal for [TS 38.214] for capturing this missing UE behavior.
Text proposal for non-codebook based PUSCH without associatedCSI-RS [TS 38.214, Section 6.1.1.2]:
-------------------------------------------------------Start of TP for 38.214----------------------------------------------------------
6.1.1.2	Non-codebook based UL transmission
For non-codebook based transmission, when associatedCSI-RS is not configured in SRS-Config for SRS resource set with usage set to ‘nonCodebook’, if the UE is configured with the higher layer parameter SRS-spatialRelationInfo containing the ID of a reference 'ssb-Index' or a 'csi-RS-Index', the UE can calculate the precoder used for the transmission of precoded SRS associated with a SRS resource based on measurement of the  referenceSignal provided by higher layer parameter SRS-spatialRelationInfo for the SRS resource . If the UE is configured with the higher layer parameter SRS-spatialRelationInfo containing the ID of a reference ‘srs’, the UE can calculate the precoder used for the transmission of precoded SRS associated with a SRS resource based on measurement of a reference SS/PBCH block or a reference CSI-RS whose ID is provided in the SRS-spatialRelationInfo of the reference ‘srs’. 
-------------------------------------------------------End of TP for 38.214----------------------------------------------------------

Proposal 3: For SRS resource set with usage set to ‘nonCodebook’, when SRS-SpatialRelationInfo is not configured, but associated CSI-RS is configured, all SRS resources in the SRS resource set are transmitted with the same spatial domain filter that was used to receive the associated CSI-RS.
Here is a text proposal for [TS 38.214] for capturing this missing UE behavior.
Text Proposal for SRS [TS 38.214, Section 6.2.1]
-------------------------------------------------------Start of TP for 38.214----------------------------------------------------------
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'periodic':
-	if the UE is configured with the higher layer parameter spatialRelationInfo containing the ID of a reference 'ssb-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference SS/PBCH block, if the higher layer parameter spatialRelationInfo contains the ID of a reference 'csi-RS-Index' or if SRS-Resource is configured in an SRS resource set with ‘usage’ set to ‘nonCodebook’ and if the higher layer parameter associatedCSI-RS is configured, the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent CSI-RS, if the higher layer parameter spatialRelationInfo containing the ID of a reference 'srs', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the transmission of the reference periodic SRS., 
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'semi-persistent':
-	when a UE receives an activation command [10, TS 38.321] for an SRS resource, and when the HARQ-ACK corresponding to the PDSCH carrying the selection command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and the UE assumptions on SRS transmission corresponding to the configured SRS resource set shall be applied starting from slot The activation command also contains spatial relation assumptions provided by a list of references to reference signal IDs, one per element of the activated SRS resource set. Each ID in the list refers to a reference SS/PBCH block, NZP CSI-RS resource, or SRS resource configured on the same or different component carrier and/or bandwidth part as the SRS resource(s) in the SRS resource set.
-	if an SRS resource in the activated resource set is configured with the higher layer parameter spatialRelationInfo, the UE shall assume that the ID of the reference signal in the activation command overrides the one configured in spatialRelationInfo.
-	when a UE receives a deactivation command [10, TS 38.321] for an activated SRS resource set, and when the HARQ-ACK corresponding to the PDSCH carrying the selection command is transmitted in slot n, the corresponding actions in [10, TS 38.321] and UE assumption on cessation of SRS transmission corresponding to the deactivated SRS resource set shall apply starting from slot 
-	if the UE is configured with the higher layer parameter spatialRelationInfo containing the ID of a reference 'ssb-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference SS/PBCH block, if the higher layer parameter spatialRelationInfo contains the ID of a reference 'csi-RS-Index' or if SRS-Resource is configured in an SRS resource set with ‘usage’ set to ‘nonCodebook’ and if the higher layer parameter associatedCSI-RS is configured, the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent CSI-RS, if the higher layer parameter spatialRelationInfo contains the ID of a reference 'srs', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the transmission of the reference periodic SRS or of the reference semi-persistent SRS.
If the UE has an active semi-persistent SRS resource configuration and has not received a deactivation command, the semi-persistent SRS configuration is considered to be active in the UL BWP which is active when SRS resource configuration is activated, otherwise it is considered suspended.
For a UE configured with one or more SRS resource configuration(s), and when the higher layer parameter resourceType in SRS-Resource is set to 'aperiodic':
-	the UE receives a configuration of SRS resource sets,
-	the UE receives a downlink DCI, a group common DCI, or an uplink DCI based command where a codepoint of the DCI may trigger one or more SRS resource set(s). The minimal time interval between the last symbol of the PDCCH triggering the aperiodic SRS transmission and the first symbol of SRS resource is N2 + 42.
-	if the UE is configured with the higher layer parameter spatialRelationInfo containing the ID of a reference 'ssb-Index', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference SS/PBCH block, if the higher layer parameter spatialRelationInfo contains the ID of a reference 'csi-RS-Index' or if SRS-Resource is configured in an SRS resource set with ‘usage’ set to ‘nonCodebook’ and if the higher layer parameter associatedCSI-RS is configured, the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the reception of the reference periodic CSI-RS or of the reference semi-persistent CSI-RS, or of the latest reference aperiodic CSI-RS. If the higher layer parameter spatialRelationInfo contains the ID of a reference 'srs', the UE shall transmit the target SRS resource with the same spatial domain transmission filter used for the transmission of the reference periodic SRS or of the reference semi-persistent SRS or of the reference aperiodic SRS. 
-------------------------------------------------------End of TP for 38.214----------------------------------------------------------

	Intel [8]		R1-1808667


Proposal 3: adopt the following TP for 38.214.
6.1.1.2	Non-Codebook based UL transmission
<Unrelated part omitted>
[bookmark: _Hlk498597149]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 if configured. 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 aperiodic 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 indicated SRI(s) to the indicated DM-RS ports(s) in the DCI format 0_1 in increasing order.
For non-codebook based transmission, the UE does not expect to be configured with both spatialRelationInfo for SRS resource and associatedCSI-RS or csi-RS in SRS-Config for SRS resource set. UE shall expect spatialRelationInfo for SRS resource(s) indicated by SRI(s) in the DCI format 0_1 should be the same if configured.
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'.


	Samsung [9]		R1-1808748


TP to 38.214
6.1.1.2	Non-Codebook based UL transmission
…

For non-codebook based transmission, the UE does not expect to be configured with both spatialRelationInfo for SRS resource and associatedCSI-RS in SRS-ConfigSRS-ResourceSet 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'.

	Spreadtrum [10]		R1-1808799


No TP on non-codebook based transmission.

	OPPO [11]		R1-1808880


Proposal: For non-codebook based transmission, the maximal number of configurable SRS resources can be a UE capability.

	ATT [12]		R1-1809052


No TP for non-codebook based transmission.

	Ericsson [13]		R1-1809195


>>>>>>>>>>>> Start text proposal 3 >>>>>>>>>>>>
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.  If this PUSCH is scheduled by DCI format 0_0, single antenna port transmission is used.  the 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.
>>>>>>>>>>>> End text proposal 3 >>>>>>>>>>>>>

Observations:
· A specified minimum gap between all SRS resources for non-codebook based operation can be sufficient to support UEs that need a switching time
· However, it precludes transmitting 4 SRS resources for non-codebook based operation in one slot, which is a slight drawback.
· UE capability for simultaneous SRS transmission is well suited to identify where a gap is needed
Proposal 6:
· Specify minimum gaps to be used between any two SRS resources used in non codebook based transmission
· Use the gaps defined for antenna switching in Table 6.2.1.2-1 of 38.214.
· Further discuss if a mechanism is needed to exploit UE capability for simultaneous SRS transmission to reduce the gaps between SRS resources 

Observations:
There are a number of solutions to determining which SRS resources can be transmitted simultaneously, with varying pros and cons:
· Precluding that the UE can be configured with more SRS resources than it can transmit simultaneously eliminates UE techniques such as antenna selection, which is a critical drawback.
· Using beam management resources does not seem like a general solution, being limited to FR1, nor is it clear how to use other SRS resources to establish whether non-codebook based resources can be transmitted simultaneously.
· Allowing only SRS resources in the same symbol to be transmitted simultaneously is not infeasible, but reduces SRS range by up to 6 dB as well as reducing time domain configurability.
· Using predetermined fixed pairs of SRS resources should have limited spec impact and no performance loss, although there may be some loss in UE design flexibility 
· Signaling combinations of possible SRS resources is conceptually simple, and fully flexible, but requires new RRC signalling at a late stage in Rel-15.
Given the above considerations, we propose:
Proposal 7:
· UEs are not restricted from transmitting more SRS resources than they can transmit simultaneously, as this restriction could preclude PUSCH antenna selection via SRI.
· When the UE is configured with more SRS resources than SRS or PUSCH layers that it can simultaneously transmit, a fixed rule determines a subset of SRS resource combinations that can be used by the UE.

Proposal 8:
· Clarify that each layer of the PUSCH is transmitted with the same spatial domain transmission filter as each SRS resource selected by the SRI.
For 38.214, section 6.1.1.2:
>>>>>>>>>>>> Start text proposal 5>>>>>>>>>>>>
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. Each layer of the PUSCH is transmitted with the same precoding as each SRS resource selected by the SRI. 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.
>>>>>>>>>>>> End text proposal 5>>>>>>>>>>>>>

	Nokia, NSB [14]		R1-1809235


Proposal 3: Support to include the maximum number of SRS resource for non-codebook SRS set as UE capability.

Proposal 4: Confirm the working assumption of TP to 38.214, Section 6.1.1.2:
-------------------------------------------------------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 DCI 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 [TS 38.212], or the SRI is given by srs-ResourceIndicator according to subclause 6.1.2.3.
-----------------------------------------------------------------End of TP ----------------------------------------------------------------

	Qualcomm [15]		R1-1809421


[bookmark: _Toc506215054][bookmark: _Toc506215588][bookmark: _Toc506215609][bookmark: _Toc506541592][bookmark: _Toc510451089][bookmark: _Toc513462640][bookmark: _Toc513475768][bookmark: _Toc513848935][bookmark: _Toc513849489][bookmark: _Toc513849552][bookmark: _Toc513849628][bookmark: _Toc513882218][bookmark: _Toc513882432][bookmark: _Toc520404014][bookmark: _Toc521594061][bookmark: _Toc521597017][bookmark: _Toc521655670]Proposal 3:	The maximum number of ports in the CSI-RS resource associated with a SRS resource set for non-codebook-based UL transmission is a UE capability.
[bookmark: _Toc513475769][bookmark: _Toc513848936][bookmark: _Toc513849490][bookmark: _Toc513849553][bookmark: _Toc513849629][bookmark: _Toc513882219][bookmark: _Toc513882433][bookmark: _Toc520404015][bookmark: _Toc521594062][bookmark: _Toc521597018][bookmark: _Toc521655671]Proposal 4:	When X is the maximum number of simultaneously transmitted SRS resources for a UE, the UE can be configured with up to X SRS resources for non-codebook-based UL.
The corresponding text proposal is as follows
--- Start of text proposal to Section 6.1.1.2 in TS 38.214 ---
>>>> unchanged text omitted <<<<
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. The number of SRS resources for non-codebook based transmission shall not be larger than the number of SRS resources for simultaneously transmission. 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.
>>>> unchanged text omitted <<<<
--- End of text proposal ---
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