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1	Introduction
This is the summary contribution for all relevant submissions under AI 7.1.2.1.3 non-codebook based uplink transmission in RAN1 #92 meeting. These issues are listed in this summary contribution based on the submissions [1]-[17].
1. TP for editorial changes
2. SRS port mapping to PUSCH
3. SRI ambiguity
4. Use of SRS-SpatialRelationInfo in non-codebook based UL MIMO
5. SRS transmission and SRS/CSI-RS triggering
6. Number of SRS resources for non-codebook based transmission
7. Calibration and coherence transmission signalling issues
8. Frequency selective precoding
9. SRS time domain behaviour
We also list companies’ proposals from all contributions [1]-[17] in Appendix.

2	Editorial changes
Some editorial changes are identified in related specification for non-CB based transmission, based on companies’ inputs:
Proposal 1:
TP to Section 6.1.1.2 of 38.214:
	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 being part of UE capability signalling. Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured with higher layer parameter srsSetUse set to ‘nonCodebook’. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4.
[bookmark: _Hlk498597149]For non-codebook based transmission, the UE can measure NZP CSI-RS resource to calculate the precoder used for the transmission of precoded SRS. 
-	If aperiodic SRS resource is configured, the [CSI-RS information in the same slot TBD] for UL channel measurement is indicated via DCI, where the association among aperiodic SRS triggering state, triggered SRS resource(s) SRS-ResourceConfigId, CSI-RS resource ID NZP-CSI-RS-ResourceConfigID are higher layer configured by AperiodicSRS-ResourceTrigger. 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, where the SRS transmission happens [TBD] symbols after the SRS transmission request. A UE may receive the SRI which shall be associated with the most recent SRS transmission. 
-	If periodic or semi-periodic persistent SRS resource set is configured, the NZP-CSI-RS-ResourceConfigID for measurement is indicated via higher layer parameter SRS-AssocCSIRS per set.	Comment by Nokia: Correction.




	Company
	Views

	Huawei, HiSilicon
	We agree.

	Lenovo, Motorola Mobility
	Agree

	DOCOMO
	Agree with the TP.

	Qualcomm
	Change ‘NonCodebook’ to ‘nonCodebook’ to keep consistent with the ASN.1 description.  
Since usage of SRS resource(s) is configured for a set of SRS resource(s) and the CSI-RS is associated with a SRS resource set, it’d be better to describe the condition with “SRS resource set” instead of “SRS resource”.  Add “set” after “aperiodic SRS resource” and keep “set” after “semi-persistent SRS resource”.



3	SRS port mapping
In the RAN1 NR ad hoc 1801 meeting, the SRI indication tables are agreed for non-codebook based transmission. However, the related procedure statement for SRI mapping to PUSCH has not agreed after some discussions. Several companies are proposing related TPs to address this issue. The views from companies can be summarized as:
	Company
	Views

	ZTE:
	TP to 38.214: 
The UE shall perform one-to-one mapping from the indicated SRI(s) to the indicated DMRS ports(s) in the DCI format 0_1 following the order of the indicated indices.

	LG
	TP to 38.214:



Based on the DCI format 0_1, UE shall map indicated SRI(s) to indicated uplink DMRS ports one-by-one, following the increasing order of indicated SRI indices specified in Table 7.3.1.1.2-a to 7.3.1.1.2-d of 38.212. The variable corresponding to the number of antenna ports is equal to the number of layers  in Subclause 6.3.1.5 of [4, TS 38.211].

	Nokia
	TP to 38.214:
Based on the DCI format 0_1, UE shall map indicated SRI(s) in Table 7.3.1.1.2-a ~ 7.3.1.1.2-d of 38.212, as the set of PUSCH antenna ports, to be applied for uplink precoding, following clause 6.3.1.5 of 38.211.

	Ericsson
	Proposal:
· Clarify that each layer of the PUSCH is transmitted with the same spatial domain transmit filter as each SRS resource selected by the SRI.


	Huawei, HiSilicon
	We share same view as ZTE.

	Lenovo, Motorola Mobility
	Agree with ZTE

	DOCOMO
	We share same view as ZTE, Huawei and Motorola.

	Qualcomm
	Agree with ZTE.



Based on these proposals, it is indicated that such statement on the SRI mapping procedure in necessary. One possible text can be based on:
Proposal 2: 
TP to 38.214: 
The UE shall perform one-to-one mapping from the indicated SRI(s) to the indicated DMRS ports(s) in the DCI format 0_1 following the order of the indicated indices.


4	SRI ambiguity
On the SRI association to SRS transmission, RAN1 #91 meeting [19] reached this agreement:
	Agreements:
SRI is associated with the most recent SRS transmission.



There is SRI ambiguity when multiple SRS resource sets are configured. The SRI may indicate unintended SRS resource in different SRS resource set. This issue is also related with codebook based transmission, where 3 alternative views were discussed in RAN1 NR ad hoc 1801 meeting:
· Alt 1: the SRI in slot n is associated with the most recent SRS transmission before slot n
· Alt 2: the SRI in slot n is associated with the most recent SRS transmission before slot n-k
· Alt 3: the SRI in slot n is associated with the most recent SRS transmission with highest priority within a time window [n-k, n).
The summary of companies’ view is listed here:
	Company
	Views

	CATT
	If the trigger of an AP-SRS resource set is in slot n, the corresponding SRS is transmitted in slot n+ K, where the association between triggering state and K is higher layer configured per SRS trigger state per SRS resource set.


	Lenovo, Motorola Mobility
	SRI identifies the most recent transmitted SRS resource with the corresponding SRS resource ID.

	OPPO
	The SRI in slot n is associated with the most recent SRS transmission before slot n.

	Nokia
	Support that SRI in slot n is associated with the most recent SRS transmission before slot n-k.

	Ericsson
	Clarify that the most recent SRS is the most recent transmission of the SRS identified by SRI, where the SRS is prior to the PDCCH carrying the SRI.

	Qualcomm
	For non-codebook based transmission, the SRI in slot n is associated with the most recent SRS transmission before slot n – k, where k > 0.

	Huawei, HiSilicon
	Support Alt 1. We can leave the determination of the k to gNB implementation. Further, we may note that non-codebook based transmission shall be aligned with codebook based transmission.

	DOCOMO
	Support Alt2.

	LGE
	Agree with Ericsson, in that clarification regarding “the most recent transmission of the SRS identified by SRI, where the SRS is prior to the PDCCH carrying the SRI” is necessary. Also, commonly for codebook-based UL as well (as Huawei’s comments), the proposal below can be changed to:

Revised proposal:
For codebook-based and non-codebook based UL transmission, SRI in DCI format 0_1 is associated with the most recent transmission of the SRS identified by SRI, where the SRS is prior to the PDCCH carrying the SRI.

	OPPO
	We support Ericsson’s description, which is consistent with Alt1.

	ZTE/Sanechips
	Agree with Ericsson

	MTK
	We support Alt. 2



Given these views, it is proper to clarify the SRI association with two alternative views:
Proposal 3:
Alt 1:	The SRI in DCI format 0_1 is associated with the most recent transmission of the SRS identified by SRI, where the SRS is prior to the PDCCH carrying the SRI.
Alt 2: At least for non-codebook based transmission, SRI in slot n is associated with the most recent SRS transmission before slot n-k, where k>0.

5	Use of SRS-SpatialRelationInfo in non-codebook UL MIMO
There are different views on whether the two RRC parameters: SRS-SpatialRelationInfo and SRS-AssocCSIRS, can be configured to a UE simultaneously. The companies’ views are listed here:
	Company
	Views

	Lenovo, Motorola Mobility
	A UE should not be expected to be configured with both SRS-SpatialRelationInfo and SRS-AssocCSIRS for the SRS resource set for non-codebook based transmission.

	Spreadtrum
	Support reusing SRS-SpatialRelationInfo to derive the QCL assumption of AP CSI-RS associated with the AP SRS configured for non-codebook based UL transmission, where the AP CSI-RS can be assumed QCLed with the DL RS indicated in SRS-SpatialRelationInfo with respect to average delay, delay spread, Doppler shift, Doppler spread, and spatial Rx parameters.

	Intel
	If a UE is configured with both SRS-SpatialRelationInfo and SRS-AssocCSIRS, it should expect the associated CSI-RS is spatially associated with the reference signal indicated in SRS-SpatialRelationInfo, and the value of SRS-SpatialRelationInfo should be configured to be the same for all SRS resources in a resource set.

	Ericsson
	Do not configure a UE with both SRS-SpatialRelationInfo and SRS-AssocCSIRS for non-codebook based transmission.

	Huawei, HiSilicon
	We share the same view as Intel.

	DOCOMO
	We share the same view with Ericsson.

	LGE
	We share the same view with Ericsson.

	OPPO
	If both SRS-SpatialRelationInfo and SRS-AssocCSIRS are configured, the same CSI-RS should be configured in the parameters. Or we can follow Ericsson’s proposal.

	CATT
	Ditto Ericsson’s comment

	Qualcomm
	Same view as Ericsson.

	MTK
	Same view as Ericsson



Based on these proposals, at least there are two alternatives:
Proposal 4: 
Alt1:	A UE can be configured with both SRS-SpatialRelationInfo and SRS-AssocCSIRS for the SRS resource set for non-codebook based transmission.
Alt2:	A UE should not be expected to be configured with both SRS-SpatialRelationInfo and SRS-AssocCSIRS for the SRS resource set for non-codebook based transmission.

6	SRS transmission and SRS/CSI-RS triggering
On the SRS associated CSI-RS transmission/triggering, RAN1 #90bis meeting has this agreement [20]:
	Agreements:
· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded AP-SRS resource via DCI
· The DL measurement RS is a CSI-RS for CSI acquisition
· Specify the following mechanism for DCI signalling:
· Using the same field for AP-SRS resource triggering 
· Association between triggering state, triggered SRS resource(s) and the CSI-RS resource ID is higher layer configured
· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded P/SP-SRS resource via higher layer signalling
· The DL measurement RS is a CSI-RS for CSI acquisition
· AP-SRS(s) association with P(>1)-port AP-CSI-RS: 
· AP-CSI-RS can be transmitted in the same slot as the DCI containing AP-SRS trigger. 
· The AP-SRS(s) is transmitted X symbols after AP-CSI-RS. 
· FFS: The scope of X and whether the AP-SRS and AP-CSI-RS can be in the same slot
· AP/SP/P-SRS(s) association with P(>1)-port P/SP-CSI-RS
· Timing of UL precoder calculation based on the associated CSI-RS is up to UE implementation




RAN1 #91 meeting has this agreement on SRS associated CSI-RS [19]
	Agreements:
For the association between CSI-RS and an SRS for non-codebook based uplink transmission, the CSI-RS resource is associated to a SRS resource set.



Such associated CSI-RS information is captured in the RRC parameter SRS-AssocCSIRS, as listed in R1-1801276. This RRC parameter contains: ID of CSI-RS resource associated with SRS resource set in non-codebook based operation.

Regarding the SRS transmission and SRS/CSI-RS triggering for non-CB based transmission, companies’ views are summarized here:
	Company
	Views

	Huawei
	The following agreement hasn’t been clearly captured in the current 38.214 and 38.331:
Agreements:
· Support indicating DL measurement RS for UE to calculate UL candidate precoders for precoded AP-SRS resource via DCI
· The DL measurement RS is a CSI-RS for CSI acquisition
· Specify the following mechanism for DCI signalling:
· Using the same field for AP-SRS resource triggering 
· Association between triggering state, triggered SRS resource(s) and the CSI-RS resource ID is higher layer configured
And also, we have the following observations:
Observation 1: Using two DCIs to separately trigger CSI-RS and SRS incurs ambiguity of the association between CSI-RS and SRS and it also leads to a waste of signaling overhead.
Observation 2: Joint triggering of SRS and the associated CSI-RS by SRS request is necessary to enable DCI format 0_1, format 1_1 and format 2_3 to support aperiodic SRS triggering for non-codebook transmission.
So, we propose that: The associated A-CSI-RS resource shall be indicated in the SRS request field, which can be contained in format 0_1, format 1_1 and format 2_3. And please see our related text proposal as attached in the appendix referring to both 38.214 and 38.331.
Proposal: Support configuring the slot-level offset between the SRS request and the transmission of SRS resource set by higher layer parameter for the case that the CSI-RS associated with the SRS resource set is periodic/semi-persistent in non-codebook based transmission.


	CATT
	Proposal 1: Send LS to RAN2 to modifying the description of SRS-AssocCSIRS to be: SRS-AssocCSIRS contains ID of CSI-RS resource associated with SRS resource set in non-codebook based operation for P/SP SRS resource/resource set.
Proposal 2: SRS request field in DCI is not used for triggerring the associated AP-CSI-RS when associated AP-CSI-RS of a SRS resource set is configured.
Proposal 3:  If the trigger of an AP-SRS resource set is in slot n, the corresponding SRS is transmitted in slot n+ K, where the association between triggering state and K is higher layer configured per SRS trigger state per SRS resource set.


	Samsung
	· For P/SP-/AP-SRS, a UE can be configured with only one NZP CSI-RS resource for a given SRS resource configuration
· Therefore, one NZP CSI-RS resource is associated with all the configured SRS resources
· The NZP CSI-RS resource index is configured via higher-layer signaling in SRS resource configuration IE (SRS-Config in TS 38.331)
· No additional information on NZP CSI-RS resource needs to be conveyed in the AP-SRS-triggering DCI
Alt 1:                      Support joint triggering of SRS and the associated CSI-RS by SRS request
Alt 2:                      SRS request field in DCI is not used for triggering the associated AP-CSI-RS when associated AP-CSI-RS of a SRS resource set is configured
Alt 3:                      The AP-CSI-RS resource associated with AP-SRS resource set for non-codebook based UL transmission is triggered by DCI format 0_1.

What has been agreed for non-codebook-based UL transmission, when AP-CSI-RS is used, is to transmit the AP-CSI-RS in the slot that carries the AP-SRS request. So strictly speaking, there is no triggering needed for the AP-CSI-RS since the AP-CSI-RS is anyway present and its resource configuration (information) is given to the UE via higher-layer signaling (included in SRS-AssocCSIRS). Therefore, 
· Along the line of “Alt1” above, the DCI field for AP-SRS request does not need to include any information pertaining to the NZP CSI-RS configuration.  
· Likewise there is no need for a separate DCI field to indicate any information pertaining to the NZP CSI-RS configuration.

Therefore, when AP-CSI-RS is used, the first two alternatives above can be combined and  reworded into the following conclusion:

Conclusion: When AP-CSI-RS is used, the NZP CSI-RS resource configuration (information) is included in SRS-AssocCSIRS
· Note: There is no need for including any information pertaining to the NZP CSI-RS configuration in the DCI that carries the AP-SRS request

Re Alt3, the main issue is the choice of DCI format that can be used for AP-SRS request for this purpose (non-CB-based UL + CSI-RS usage). The question is whether there is another DCI format (e.g. DL-related DCI) proposed for this purpose. If not, the proposal from Qualcomm is the only one. 

Proposal: The AP-CSI-RS resource associated with AP-SRS resource set for non-codebook based UL transmission is triggered by DCI format 0_1




	OPPO
	For an aperiodic SRS resource set for non-codebook based transmission, the associated CSI-RS resource(s) is not triggered by the SRS triggering.
A UE configured with non-codebook based UL transmission by RRC is expected to be configured with a NZP CSI-RS resource for precoder of SRS.

	Intel
	The bandwidth of associated CSI-RS should include the bandwidth of SRS.

	Ericsson
	Allow UEs to be configured to transmit in at least two time domain periodicities for codebook based and non-codebook based operation:
· The UE is configured with one resource set for codebook based or non-codebook based operation
· The set can be triggered aperiodically, periodically, or semi-persistently
· SRS resources are no longer designated as periodic, aperiodic, or semi-persistent
· Each SRS resource can have a SRS-SlotConfig parameter
· Then the SRS is transmitted with the corresponding slot periodicity and offset and according to SRS-ResourceMapping within the slot
· The SRS request field can trigger the SRS resource set 
· Then the SRS is transmitted in the current slot according to SRS-ResourceMapping, and SRS-SlotConfig is ignored


	Qualcomm
	The AP-CSI-RS resource associated with AP-SRS resource set for non-codebook based UL transmission is triggered by DCI format 0_1.

	Lenovo, Motorola Mobility
	The associated NZP-CSI-RS shall be triggeraed by the SRS request for non-codebook based UL transmission.

	DOCOMO
	There is ambiguity on timing of UL precoder calculation with SP/P-CSI-RS. Some rule should be defined as for AP-CSI-RS, e.g., to use the latest CSI-RS after k symbols.

	LGE
	Regarding the below proposal summarized by feature lead, our view is aligned with Alt.2.
Proposal:
Alt 1:	Support joint triggering of SRS and the associated CSI-RS by SRS request
Alt 2:	SRS request field in DCI is not used for triggering the associated AP-CSI-RS when associated AP-CSI-RS of a SRS resource set is configured.
Alt 3:	The AP-CSI-RS resource associated with AP-SRS resource set for non-codebook based UL transmission is triggered by DCI format 0_1.

	ZTE/Sanechips
	We support separate triggering for CSI-RS and SRS. CSI-RS is triggered by CSI request field in DCI format 0_1. In the corresonding trigger state, the resource setting for the CSI-RS can be linked to report setting with ‘No Report’ if needed.




Based on these proposals, multiple proposals could be discussed. The first issue is related with associated CSI-RS for SRS transmission. Note that there is a RRC parameter SRS-AssocCSIRS that contains ID of CSI-RS resource associated with SRS resource set in non-codebook based operation. There is a proposal from Huawei to address this association issue via DCI. The proposal is:
Proposal 5: 	Comment by Nokia: This proposal is moved to Proposal 7 at Alt. 1.
The associated A-CSI-RS resource shall be indicated in the SRS request field, which can be contained in DCI format 0_1, format 1_1 and format 2_3.

On the number of SRS-associated CSI-RS resources, we can have:
Proposal 6:
For non-codebook based transmission, a UE can be configured with only one NZP CSI-RS resource for the SRS resource set.


On the SRS-associated CSI-RS conditions, there are multiple views listed here:
Proposal 7:
Alt 1:	Support joint triggering of SRS and the associated CSI-RS by SRS request
Alt 1:	The associated A-CSI-RS resource shall be indicated in the SRS request field, which can be contained in DCI format 0_1, format 1_1 and format 2_3.
Alt 2:	SRS request field in DCI is not used for triggering the associated AP-CSI-RS when associated AP-CSI-RS of a SRS resource set is configured.
Alt 3:	The AP-CSI-RS resource associated with AP-SRS resource set for non-codebook based UL transmission is triggered by DCI format 0_1.

On the frequency relation between SRS and its associated CSI-RS, there is a proposal from Intel [12]:
Proposal 8: 
The bandwidth of associated CSI-RS should include the bandwidth of SRS.

7	Number of SRS resources for non-CB based transmission
The question whether that zero SRS resource is allowed for uplink transmission is handled under the agenda of codebook based transmission. There are opinions from companies to address this issue for non-codebook based UL transmission. The views are listed here:

	Company
	Views

	OPPO
	UE expects to be configured with at least one SRS resource(s) for non-codebook based UL transmission.

	ZTE
	The UE is not expected to be configured more SRS resources than its capable number of simultaneously transmitted SRS resources for non-codebook based uplink transmission.

ZTE2: The proposals from OPPO and ZTE in this section are trying to address different issues. We support both proposals.
The intention of our proposal is to have a clear understanding between UE and gNB that all the SRS resources configured in the resource set can be transmitted simultaneously by UE, which is agreed in RAN1#91. Otherwise gNB would not know whether the configured SRS resources can be transmitted simultaneously by UE or not.

	Huawei, HiSilicon
	[bookmark: _Hlk507599158]If the number of SRS resources in the resource set is greater than the number of SRS resources which can be simultaneously transmitted in the same RBs, the SRI(s) can be indicated to the UE by SRI field in DCI, only if the SRS resources associated with the indicated SRIs are transmitted on the same symbol. 

	Lenovo, Motorola Mobility
	Agree with OPPO.

	DOCOMO
	We share the same view with ZTE.

	LGE
	Agree with OPPO.



This discussion is directly related with similar discussion under the agenda of codebook based transmission. However, two proposals can be discussed for non-codebook based transmission:
Proposal 9:
The minimum SRS resource for non-codebook based transmission is one.

Proposal 10:
[bookmark: _GoBack]Alt1:	The UE is not expected to be configured more SRS resources than its capable number of simultaneously transmitted SRS resources for non-codebook based uplink transmission.
Alt2:	If the number of SRS resources in the resource set is greater than the number of SRS resources which can be simultaneously transmitted in the same RBs, the SRI(s) can be indicated to the UE by SRI field in DCI, only if the SRS resources associated with the indicated SRIs are transmitted on the same symbol.


8	Calibration and coherence signalling issues
Three UE coherence levels are supported in NR, mainly addressing the codebook based transmission. There is a proposal to extend the support for non-codebook based transmission. Also the related calibration issues are listed here, based on companies’ contributions:
	Company
	Views

	vivo
	Support non-codebook based UL transmission for UE that does not report reciprocity calibration capability.

	MediaTek
	Proposal 1: Coherence transmission signalling from a UE reflects a UE capability, which is not tied to the uplink transmission scheme configured by a gNB, which may be codebook based or non-codebook based depending on the gNB’s configuration.
Proposal 2: 
· When a UE indicates it support non-coherent transmission in the coherence transmission capability signalling, and the gNB configures the UE with non-codebook based transmission, the gNB does not expect the UE to utilize a precoder for SRS/PUSCH transmission which requires coherent/partial-coherent transmission from UE’s Tx chains;
· When a UE indicates it support partial-coherent transmission in the coherence transmission capability signalling, and the gNB configures the UE with non-codebook based transmission, the gNB does not expect the UE to utilize a precoder for SRS/PUSCH transmission which requires coherent/partial-coherent transmission form UE’s Tx chains belonging to different coherence groups of Tx chains.
· When a UE indicates it support full-coherent transmission in the coherence transmission capability  signalling, and the gNB configures the UE with non-codebook based transmission, the gNB expects the UE to utilize a precoder for SRS/PUSCH transmission which requires coherent  transmission form UE’s Tx chains from all Tx chains.
· The text proposal in Appendix B is adopted.


	InterDigital
	Proposal 1 - RAN1 considers self-calibration or OTA calibration procedures for UE.
Proposal 2 - UE indication of its state of calibration should be considered as the basis for non-codebook base UL MIMO capability.


	Huawei, HiSilicon
	Support non-codebook based UL transmission for UE that either capable or incapable of reciprocity calibration.

	DOCOMO
	We share same view with Huawei/HiSilicon.

	CATT
	Non-codebook based UL transmission is supported for UE without reciprocity capability

	Qualcomm
	No need to indicate UL transmission coherency for non-codebook based UL transmission.  How to map SRS port to UE antenna(s) is up to UE implementation.  



More discussions are needed to address these issues.
Proposal 11:
Non-codebook based UL transmission is supported for UE without reciprocity capability

Proposal 12:
Coherence transmission signaling can be used for non-codebook based UL transmission.


9	Frequency selective precoding
RAN1 #91 meeting reached this agreement [19] on frequency selective precoding for non-codebook based transmission:
	Conclusion:
No explicit specification support of frequency selective precoding for non-codebook based transmission in Rel-15 for completion by Dec 



Base on submitted contributions, there are still related proposals listed here:
	Company
	Views

	Lenovo, Motorola Mobility
	The number of UL PRG could be configured per SRS resource, and its value could be 2 or 4 or the schedule bandwidth as default.

	Intel
	Frequency selective precoding for non-codebook based UL transmission is not supported in Rel-15.

	NTT DOCOMO
	Support frequency-selective precoding for SRS to allow UE to perform frequency-selective precoding for PUSCH with wide-band SRI.

	Huawei, HiSilicon
	We share the same view as DOCOMO.

	LGE
	We share the same view as DOCOMO and Huawei, but to do that, a RRC enabler for such frequency-selective precoding on SRS is needed so that gNB ensures such UE behavior on SRS precoding.

	OPPO
	Frequency-selective precoding for SRS/PUSCH can be UE implementation without specification impact. gNB should assume per PRB precoding during channel estimation since the precoding is gNB-transparent. 

	CATT
	Don’t see necessity for discussion on this issue

	ZTE/Sanecihps
	Agree with OPPO.

	Qualcomm
	Frequency selective precoding for non-codebook based UL transmission is not explicitly supported in Rel-15.

	MTK
	Same as Qualcomm



Proposal 13:
No explicit specification support of frequency selective precoding for non-codebook based transmission in Rel-15.

10	SRS time domain behavior
Following the codebook based UL transmission on SRS time domain behavior, there are views to extend this to all SRS resource set:

	Company
	Views

	CMCC
	Proposal 1: For non-codebook based UL transmission, the SRS resources in the same SRS resource set should have the same time domain behavior on periodic, aperiodic and semi-persistent SRS.
Proposal 2: For UL beam management, the SRS resources in the same SRS resource set should have the same time domain behavior on periodic, aperiodic and semi-persistent SRS.


	Ericsson
	Allow UEs to be configured to transmit in at least two time domain periodicities for codebook based and non-codebook based operation:
· The UE is configured with one resource set for codebook based or non-codebook based operation
· The set can be triggered aperiodically, periodically, or semi-persistently
· SRS resources are no longer designated as periodic, aperiodic, or semi-persistent
· Each SRS resource can have a SRS-SlotConfig parameter
· Then the SRS is transmitted with the corresponding slot periodicity and offset and according to SRS-ResourceMapping within the slot
· The SRS request field can trigger the SRS resource set 
· Then the SRS is transmitted in the current slot according to SRS-ResourceMapping, and SRS-SlotConfig is ignored



	Huawei, HiSilicon
	Support 2 SRS resource sets to support different time domain behaviors. And same way shall be applied for both codebook based transmission and non-codebook based transmission.

	LGE
	We are open to Huawei’s suggestion if such flexibility on time-domain behaviour is really necessary (which is indeed reverting the previous agreement). We are not supporting other proposals for further optimizations.

	OPPO
	Multiple SRS resource sets for different time domain behaviour are not necessary and would introduce additional issues, e.g. whether SRS resources in different sets can be transmitted simultaneously. If NR needs to support different time domain behaviours, we prefer to support it within one SRS resource.

	CATT
	As we discussed in the AH1801, simple solution would be support more than one SRS resource set.

	ZTE/Sanechips
	We have similar views as for codebook based UL. We are fine to further discuss the following two Alts for single or multiple SRS time-domain type(s) for non-codebook based UL.
Alt 1: UE can only be configured with one SRS resource set for codebook/non-codebook based UL with only one type of time-domain behaviour. (Strictly follow the previous agreements)
Alt 2: UE can be configured up to two SRS resource sets for periodic/semi-persistent SRS and aperiodic SRS, respectively. Both of the two sets are used for codebook or non-codebook based UL. (Achieve flexibility)

	Qualcomm
	Current spec is not broken.  No need to extend the number of SRS resource sets.  The time-domain behavior shall be configured per SRS resource set.



Based on these proposal, we may consider this proposal:

Proposal 14: 
Support the same time domain behavior at SRS resource set level, where the SRS resource set can be triggered periodically, aperiodically, or semi-persistently.
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Appendix – Proposals from companies
Proposals from different companies related to this topic are listed in the following, based on the related conclusion part of the corresponding contributions [1]-[17].

	Huawei, HiSilicon [1]	R1-1801450


The observations and proposals made in this paper are summarized as follows:
Observation 1: Using two DCIs to separately trigger CSI-RS and SRS incurs ambiguity of the association between CSI-RS and SRS and it also leads to a waste of signaling overhead.
Observation 2: Joint triggering of SRS and the associated CSI-RS by SRS request is necessary to enable DCI format 0_1, format 1_1 and format 2_3 to support aperiodic SRS triggering for non-codebook transmission. Based on the above discussion, we have the following text proposal for TS 38.214:
Proposal 1: Support configuring the slot-level offset between the SRS request and the transmission of SRS resource set by higher layer parameter for the case that the CSI-RS associated with the SRS resource set is periodic/semi-persistent in non-codebook based transmission.

	vivo [2]	R1-1801516


In this contribution, beam management and reporting are discussed, and the following proposals are given:
Proposal 1: 
· All the resources within the set configured for non-codebook based transmission could be simultaneously transmitted;
Text proposals for section 6.1.1.2
· For non-codebook based transmission, the UE can determine its PUSCH precoder and transmission rank based on wideband SRI field from the DCI. 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 being part of UE capability signaling. Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured. All the resources within the set for non-codebook based transmission could be simultaneously transmitted. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4. 
Proposal 2: Support non-codebook based UL transmission for UE that does not report reciprocity calibration capability.
Proposal 3: For UL transmission with DCI format 0-0 when SRS is configured as non-codebook based transmission:
· One layer based transmission is used;
· Precoding granularity is 1 PRB, i.e. the same as that when scheduled with DCI format 0-1;
· UL transmission beam could be preconfigured

	ZTE, Sanechips [3]	R1-1801578


Considering the above issues, we have the following TPs for non-codebook based UL.
TP 1: For TS 38.214 Subclause 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 wideband SRI field from the DCI. 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 being part of UE capability signalling Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4. The UE shall perform one-to-one mapping from the indicated SRI(s) to the indicated DMRS ports(s) in the DCI format 0_1 following the order of the indicated indices.



TP 2: For TS 38.214 Subclause 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 wideband SRI field from the DCI. 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 being part of UE capability signalling. The UE is not expected to be configured more SRS resources than its capable number of simultaneously transmitted SRS resources for non-codebook based uplink transmission. Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4.




	MediaTek [4]		R1-1801652


Proposal 1: Coherence transmission signalling from a UE reflects a UE capability, which is not tied to the uplink transmission scheme configured by a gNB, which may be codebook based or non-codebook based depending on the gNB’s configuration.

Proposal 2: 
· When a UE indicates it support non-coherent transmission in the coherence transmission capability signalling, and the gNB configures the UE with non-codebook based transmission, the gNB does not expect the UE to utilize a precoder for SRS/PUSCH transmission which requires coherent/partial-coherent transmission from UE’s Tx chains;
· When a UE indicates it support partial-coherent transmission in the coherence transmission capability signalling, and the gNB configures the UE with non-codebook based transmission, the gNB does not expect the UE to utilize a precoder for SRS/PUSCH transmission which requires coherent/partial-coherent transmission form UE’s Tx chains belonging to different coherence groups of Tx chains.
· When a UE indicates it support full-coherent transmission in the coherence transmission capability  signalling, and the gNB configures the UE with non-codebook based transmission, the gNB expects the UE to utilize a precoder for SRS/PUSCH transmission which requires coherent  transmission form UE’s Tx chains from all Tx chains.
· The text proposal in Appendix B is adopted.


	 CATT [5]	R1-1801717


In this contribution, we discuss the remaining issues for non-codebook based UL transmission. We Propose that:
Proposal 1: Send LS to RAN2 to modifying the description of SRS-AssocCSIRS to be: SRS-AssocCSIRS contains ID of CSI-RS resource associated with SRS resource set in non-codebook based operation for P/SP SRS resource/resource set.
Proposal 2: SRS request field in DCI is not used for triggerring the associated AP-CSI-RS when associated AP-CSI-RS of a SRS resource set is configured.
Proposal 3:  If the trigger of an AP-SRS resource set is in slot n, the corresponding SRS is transmitted in slot n+ K, where the association between triggering state and K is higher layer configured per SRS trigger state per SRS resource set.


	Lenovo, Motorola Mobility [6]		R1-1801824


Proposal 1: The number of UL PRG could be configured per SRS resource, and its value could be 2 or 4 or the schedule bandwidth as default.
Proposal 2: SRI identifies the most recent transmitted SRS resource with the corresponding SRS resource ID.
Proposal 3: A UE should not be expected to be configured with both SRS-SpatialRelationInfo and SRS-AssocCSIRS for the SRS resource set for non-codebook based transmission.

	Spreadtrum [7]	R1-1801835


In this contribution, we discussed the QCL configuration of AP CSI-RS associated with an AP SRS used for non-codebook based UL transmission, which is unclear in the current specification. Based on the discussion, we have the following proposal.
Proposal: Support reusing SRS-SpatialRelationInfo to derive the QCL assumption of AP CSI-RS associated with the AP SRS configured for non-codebook based UL transmission, where the AP CSI-RS can be assumed QCLed with the DL RS indicated in SRS-SpatialRelationInfo with respect to average delay, delay spread, Doppler shift, Doppler spread, and spatial Rx parameters.

	Samsung [8]	R1-1801957


To resolve the TBD items on concurrent use of CSI-RS and SRS for UL non-codebook based transmission (cf. section 6.1.1.2), the following proposal is made:
· For P/SP-/AP-SRS, a UE can be configured with only one NZP CSI-RS resource for a given SRS resource configuration
· Therefore, one NZP CSI-RS resource is associated with all the configured SRS resources
· The NZP CSI-RS resource index is configured via higher-layer signaling in SRS resource configuration IE (SRS-Config in TS 38.331)
· No additional information on NZP CSI-RS resource needs to be conveyed in the AP-SRS-triggering DCI
· Align RRC nomenclature for SRS configuration with TS 38.331  
· Replace “precoded SRS” with “SRS”
 

	CMCC [9]	R1-1802034


In this contribution, we provide our views on the SRS resources time domain behavior for non-codebook based UL transmission and UL beam management.
Proposal 1: For non-codebook based UL transmission, the SRS resources in the same SRS resource set should have the same time domain behavior on periodic, aperiodic and semi-persistent SRS.
Proposal 2: For UL beam management, the SRS resources in the same SRS resource set should have the same time domain behavior on periodic, aperiodic and semi-persistent SRS.

	OPPO [10]	R1-1802096


In this contribution, we discuss the remaining issues for non-codebook based UL transmission, and have the following proposals and some text proposals in section 2. 
Proposal 1: The SRI in slot n is associated with the most recent SRS transmission before slot n.
Proposal 2: UE expects to be configured with at least one SRS resource(s) for non-codebook based UL transmission. Before SRS resource is configured, only single port transmission based on fallback DCI is supported.
Proposal 3: For an aperiodic SRS resource set for non-codebook based transmission, the associated CSI-RS resource(s) is not triggered by the SRS triggering.
Proposal 4: A UE configured with non-codebook based UL transmission by RRC is expected to be configured with a NZP CSI-RS resource for precoder of SRS.

	LG [11]	R1-1802190


Proposed TP to 38.214:
6.1.1.2	Non-Codebook based UL transmission



[bookmark: _Hlk494787623]For non-codebook based transmission, the UE can determine its PUSCH precoder and transmission rank based on the wideband SRI field from the DCI. The transmission rank is determined by the number of selected SRS resources indicated by the SRI field. The PUSCH precoder for each layer is inferred from the SRS precoder applied on each selected SRS resource indicated by the SRI field. 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 being part of UE capability signalling. Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4. Based on the DCI format 0_1, UE shall map indicated SRI(s) to indicated uplink DMRS ports one-by-one, following the increasing order of indicated SRI indices specified in Table 7.3.1.1.2-a to 7.3.1.1.2-d of 38.212. The variable corresponding to the number of antenna ports is equal to the number of layers  in Subclause 6.3.1.5 of [4, TS 38.211].


	Intel [12]	R1-1802392


In this contribution we have provided our views on non-codebook based UL transmission for NR. From the discussion, we have achieved the following proposals.
Proposal 1: For non-codebook based transmission, at least 1 SRS resource should be configured.
Proposal 2: If a UE is configured with both SRS-SpatialRelationInfo and SRS-AssocCSIRS, it should expect the associated CSI-RS is spatially associated with the reference signal indicated in SRS-SpatialRelationInfo, and the value of SRS-SpatialRelationInfo should be configured to be the same for all SRS resources in a resource set.
Proposal 3: The bandwidth of associated CSI-RS should include the bandwidth of SRS.
Proposal 4: Frequency selective precoding for non-codebook based UL transmission is not supported in Rel-15.

	NTT DOCOMO [13]	R1-1802469


In this contribution, we discussed the remaining issue for UL non-codebook based transmission. Our proposal is as followed;
Proposal: Support frequency-selective precoding for SRS to allow UE to perform frequency-selective precoding for PUSCH with wide-band SRI.

	Nokia, NSB [14]		R1-1802554


Two new TPs are proposed for 38.214. These two TPs are listed below:
TP to clause 6.1.1.2 of TS 38.214:
	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 being part of UE capability signalling. Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured with higher layer parameter srsSetUse set to ‘NonCodebook’. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4.
For non-codebook based transmission, the UE can measure NZP CSI-RS resource to calculate the precoder used for the transmission of precoded SRS. 
-	If aperiodic SRS resource is configured, the [CSI-RS information in the same slot TBD] for UL channel measurement is indicated via DCI, where the association among aperiodic SRS triggering state, triggered SRS resource(s) SRS-ResourceConfigId, CSI-RS resource ID NZP-CSI-RS-ResourceConfigID are higher layer configured by AperiodicSRS-ResourceTrigger. 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, where the SRS transmission happens [TBD] symbols after the SRS transmission request. A UE may receive the SRI which shall be associated with the most recent SRS transmission. 
-	If periodic or semi-periodic persistent SRS resource set is configured, the NZP-CSI-RS-ResourceConfigID for measurement is indicated via higher layer parameter SRS-AssocCSIRS per set.	Comment by Nokia: Correction.




TP to clause 6.1.1.2 of TS 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 wideband SRI field from the DCI. 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 being part of UE capability signalling Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4. Based on the DCI format 0_1, UE shall map indicated SRI(s) in Table 7.3.1.1.2-a ~ 7.3.1.1.2-d of 38.212, as the set of PUSCH antenna ports, to be applied for uplink precoding, following clause 6.3.1.5 of 38.211.




	InterDigital [15]		R1-1802617


In this contribution, we provide our perspective on UE coherency capability, and its relation with UE calibration. Based on the presented discussion, following proposals are made:
Proposal 1 - RAN1 considers self-calibration or OTA calibration procedures for UE.
Proposal 2 - UE indication of its state of calibration should be considered as the basis for non-codebook base UL MIMO capability.

	Ericsson [16]		R1-1802738


In this contribution we have discussed corrections for non-codebook based UL transmission, including those addressing SRS - SRI ambiguity, the use of SRS-SpatialRelationInfo, SRS resource set time domain triggering, and PUSCH ‘precoding’ determination from SRS.  Text proposals are given in section 2 to implement the corrections.  We made the following proposals:
Proposal 1:
· Clarify that the most recent SRS is the most recent transmission of the SRS identified by SRI, where the SRS is prior to the PDCCH carrying the SRI.

Proposal 2:
· Do not configure a UE with both SRS-SpatialRelationInfo and SRS-AssocCSIRS for non-codebook based transmission.
· Fix the typo: ‘semi-periodic’ should be ‘semi-persistent’ and remove the word ‘set’ as described below.

Proposal 3:
Allow UEs to be configured to transmit in at least two time domain periodicities for codebook based and non-codebook based operation:
· The UE is configured with one resource set for codebook based or non-codebook based operation
· The set can be triggered aperiodically, periodically, or semi-persistently
· SRS resources are no longer designated as periodic, aperiodic, or semi-persistent
· Each SRS resource can have a SRS-SlotConfig parameter
· Then the SRS is transmitted with the corresponding slot periodicity and offset and according to SRS-ResourceMapping within the slot
· The SRS request field can trigger the SRS resource set 
· Then the SRS is transmitted in the current slot according to SRS-ResourceMapping, and SRS-SlotConfig is ignored

Proposal 4:
· Clarify that each layer of the PUSCH is transmitted with the same spatial domain transmit filter as each SRS resource selected by the SRI.

	Qualcomm [17]	R1-1802819


In this contribution, we raise the issues of confusing UE behavior when non-codebook based UL transmission is configured and propose solutions to resolve these confusing issues.  We also discuss remaining open issues on non-codebook based UL transmission.  We propose
Proposal 1:	When a CSI-RS resource associated with an AP-SRS resource set for non-codebook based UL transmission is only linked with ReportConfig(s) and the ReportQuantity is set to “no report,” the maximum number of ports in the CSI-RS resource is 4.
Proposal 2:	The AP-CSI-RS resource associated with AP-SRS resource set for non-codebook based UL transmission is triggered by DCI format 0_1.
Proposal 3:	For non-codebook based transmission, the SRI in slot n is associated with the most recent SRS transmission before slot n – k, where k > 0.
We propose adopting the text proposals in Sections 2.2, 3.2, and 4.2.
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