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1
Introduction
This is the summary contribution for all relevant submissions under AI 7.2.1.3 non-codebook based uplink transmission in RAN1 adhoc meeting AH1801. These issues are listed in this summary contribution based on the submissions [1]-[15].
1. Timing between SRS transmission and AP-CSI-RS

2. SRI ambiguity

3. SRS configuration and triggering of CSI-RS (SRS associated)

4. SRI indication

5. Use of SRS-SpatialRelationInfo in non-codebook based UL MIMO

6. Frequency selective precoding

7. UE indication of coherence capability

8. UE interference management.

We also list companies’ proposals from all contributions [1]-[15] in Appendix.
2
Timing between SRS transmission and AP-CSI-RS

The agreement on the timing between SRS transmission and AP-CSI-RS is agreed in RAN1 #91 meeting [16], as

	Agreements:

The AP-SRS(s) is transmitted X symbols after AP-CSI-RS. X is fixed for all UE (FFS X values)

•
X is defined per SCS


The summary of companies’ views is listed here:

	Company
	Views

	Huawei
	Support the value of X is no more than 14.

	MediaTek
	The AP-SRS(s) is transmitted no sooner than X symbols after AP-CSI-RS. X is fixed for all UE (FFS X values)


X is defined per SCS

	CATT
	· If a AP-SRS resource set is triggered in slot n, the corresponding SRS transmission should be commenced in slot n+K , where the association between triggering state and K is higher layer configured.

·  For a UE configured with AP-SRS resource(s) with an associated AP-CSI-RS, the UE is expected to determine the precoder of the AP-SRS transmission based on the AP-CSI-RS received X symbols before the AP-SRS transmission.

	Lenovo
	The SRS transmission for non-codebook based transmission should be happened X symbols after the CSI-RS, where X is given by Table 6.1.1.2-1 for different numerologies.
Table 6.1.1.2-1: X value for different numerologies.
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	Samsung
	· For AP-SRS, SRS transmission happens X symbols after the SRS request where X is signaled in the DCI that includes the SRS request. 
· Analogous to A-CSI request, X is chosen from a set of higher-layer configured values 



	InterDigital
	Maintain independent timing behavior of SRS resources of a SRS resource set.

	Nokia
	Send LS to RAN4 for timing between transmitting SRS and receiving AP-CSI-RS

	Qualcomm
	When a AP-SRS resource set is associated with an AP-CSI-RS resource, the AP-SRS is transmitted at least N3 OFDM symbols after the end of the AP-CSI-RS, where N3 is the AP-CSI timing parameter.

	Intel
	The value of X is no less than 42 OFDM symbols.

	LGE
	Agree with Intel.


There is still no clear view on the proposal of the “X”, as the timing difference between SRS transmission and AP-CSI-RS. There are at least 3 options, at indicated below.
The AP-SRS(s) is transmitted X symbols after AP-CSI-RS. The choice of X can be one of these options:
Option 1:
At least [14] OFDM symbols

Option 2: configurable based on a set of values
Option 3: determined by RAN4.
Option 4: At most [14] OFDM symbols
Option 5: At least [42] OFDM symbols
3
SRI ambiguity

On the SRI association to SRS transmission, RAN1 #91 meeting [16] reached this agreement:

	Agreements:

SRI is associated with the most recent SRS transmission.


However this agreement may have its ambiguity on specific SRS resource, under various scenarios. The summary of companies’ view is listed here:

	Company
	Views

	CATT
	· For non-codebook based UL transmission, SRI is corresponding to the SRS resource set of the latest highest priority SRS transmission within the time window of [n-n_offset, n), where SRI is transmitted in slot n, n_offset is a fixed positive integer.  Where the priority of SRS transmission is defined as follows:

· If the SRS transmissions within the time window are with the same time domain behavior type, all the SRS transmissions with the same preiority;

· If the SRS transmissions within the time window are with different time domain behavior types, the priority order from high to low is as follows: aperiodic SRS > semi-persistent SRS > periodic SRS.



	Ericsson
	Clarify that the most recent SRS is the most recent transmission of the SRS identified by SRI.

	Qualcomm
	SRI is associated with the most recent SRS w.r.t. PDCCH carrying UL grant.


	Lenovo, Motorola
	SRI is corresponding to the most recent SRS resource identified by SRI.

	LGE
	Similar to Ericsson: Clarify that the most recent SRS is the most recent transmission of the SRS corresponding to the indicated SRI (not any other configured SRS resources for the UE) in UL grant.


Given these views, it is proper to clarify the SRI association as:

Proposal:

· Alt.1: SRI is associated with the most recent SRS, which is indicated by PDCCH carrying UL grant. 
· Alt.2: Clarify that the most recent SRS is the most recent transmission of the SRS corresponding to the indicated SRI (not any other configured SRS resources for the UE) in UL grant.
4
SRS configuration and triggering of CSI-RS (associated with SRS)

SRS configuration has this agreement in last meeting [16]:

	Agreements:
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

o
X is part of UE capability signalling

•
The SRS resources transmitted simultaneously occupy the same RBs


The view on the SRS-associated CSI-RS triggering is listed here:
	Company
	Views

	CATT
	· Modify 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.


	Qualcomm
	· When a UE is configured with an AP-SRS resource set for non-codebook based UL transmission and the AP-SRS resource set is associated with an AP-CSI-RS resource, the AP-SRS transmission is triggered by DCI format 0_1.



Related with SRS configurations, the summary of companies’ view can be shown:

	Company
	Views

	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.


	Vivo
	All the resources within the set configured for non-codebook based transmission could be simultaneously transmitted 

	CATT
	· Proposal 1: More than one SRS resource sets can be configured for non-codebook based UL transmission.

· Proposal 2: The SRS resources in the same SRS resource set for non-codebook based UL transmission should be configured with the same time domain behavior of aperiodic, periodic, or semi-persistent.


	Samsung
	· No additional information on NZP CSI-RS resource needs to be conveyed in the AP-SRS-triggering DCI
· 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)



	Huawei
	· SRS request field indicates the triggered SRS resource set or the triggered SRS resource set and the associated CSI-RS resource when the state of the SRS request is configured by higher layer parameter.


5
SRI indication
SRS configuration has this agreement in last meeting’s email discussion [17]:

	Agreements:
· For non-codebook based UL transmission, 
·  The rank of UL transmission is derived from SRI field in UL DCI
·  Encoding of the DMRS indicator is determined from the derived rank
·  SRI field corresponds to a pre-determined combination of SRS resources, which are configured in the SRS resource set for non-CB-based UL
· The bit-width of SRI field in UL grant is ceiling(log2([image: image3.png][z ()]



 )), where Lmax is maximum number of supported layers and N is the number of configured SRS resources in the set


Companies provide views to elaborate the bit-width of SRI field, as summarized here:

	Company
	Views

	ZTE
	· A correction of the SRI bitwidth equation and the detailed mapping tables from DCI codepoints to SRI(s) are given in TP 1 in [2].
· 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.


	Nokia
	· Support SRI bit-mapping to associate SRI bits and SRS resources


The issue is whether the specification shall specifically capture the bit-width of SRI field, or simply using the equation 
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 to capture the SRI bit-width. 
6
Use of SRS-SpatialRelationInfo in non-codebook UL MIMO
This issue is raised by two companies:
	Company
	Views

	Vivo
	· Clarify the relationship between the following two parameters: 

· associatedCSI-RS 

· spatialRelationInfo



	Ericsson
	· Do not configure a UE with both SRS-SpatialRelationInfo and SRS-AssocCSIRS for non-codebook based transmission.
· Clarify that only one SRS resource can have higher layer parameter srsSetUse set to ‘NonCodebook’.
· Fix the typo: ‘semi-periodic’ should be ‘semi-persistent’, and remove the word ‘set’ as described below
· A UE does not expect to be configured with SRS-AssocCSIRS and with SRS-SpatialRelationInfo for non-codebook based transmission.



The clarification of the SRS-SpatialRelationInfo is needed.
7
Frequency selective precoding
On frequency selective precoding for non-codebook based transmission, RAN1 #91 meeting reached this conclusion:
	Conclusion:
No explicit specification support of frequency selective precoding for non-codebook based transmission in Rel-15 for completion by Dec


Two companies show their interest to specifically support frequency selective precoding for non-codebook based transmission:

	Company
	Views

	Intel
	· Proposal 1: The number of PRGs can be configured per SRS resource, and its value should be up to 2.

· Proposal 2: The SRS resources with different number of PRGs should not be indicated simultaneously.


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


	Lenovo. Motorola
	· The precoding granularity of SRS resource should be the same as the DL DMRS bundling size.

	LGE
	· Agree with DoCoMo.


8
UE indication of coherence 
Related with UE indication of its coherence capability, these are views from two companies:
	Company
	Views

	MediaTek
	· 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.
· 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.


	InterDigital
	· RAN1 considers UE indication of its state of calibration as the basis for non-codebook base UL MIMO capability.



9
UE interference management
One company shows its interest to support UE interference management:
	Company
	Views

	MediaTek
	· IMR can be signalled to a UE in addition to NZP-CSI-RS for DL channel measurement to derive the uplink precoder for SRS.




10 
Configuration of CSI-RS only associated with SRS for non-codebook based UL transmission

	Company
	Views

	Qualcomm
	· When a CSI-RS resource associated with an AP-SRS resource set for non-codebook based UL transmission is not linked with any ReportConfig where the ReportQuantity is set to other than “no report,” the maximum number of ports in the CSI-RS resource is 4.


11 
Updates on missing parts of general descriptions for non-codebook based UL transmission

	Company
	Views

	LGE
	[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 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.
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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]-[15].
	Huawei, HiSilicon [1]
R1-1800097


Proposal 1: Support the value of X is no more than 14.

This proposal is related to the previous agreement on the timing between SRS and AP-CSI-RS:
· The AP-SRS(s) is transmitted X symbols after AP-CSI-RS. X is fixed for all UE (FFS X values)

· X is defined per SCS

	ZTE [2]
R1-1800107


The SRI indication table is proposed for non-codebook based uplink transmission:

Table 7.3.1.1.2-a: SRI indication for non-codebook based PUSCH transmission, 
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Table 7.3.1.1.2-b: SRI indication for non-codebook based PUSCH transmission, 
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Table 7.3.1.1.2-c: SRI indication for non-codebook based PUSCH transmission, 
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Table 7.3.1.1.2-d: SRI indication for non-codebook based PUSCH transmission, 
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Also proposes TP to TS 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.
	MediaTek [3]

R1-1800156


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.

Proposal 3: The AP-SRS(s) is transmitted no sooner than X symbols after AP-CSI-RS. X is fixed for all UE (FFS X values)

· X is defined per SCS

Proposal 4: IMR can be signalled to a UE in addition to NZP-CSI-RS for DL channel measurement to derive the uplink precoder for SRS.

	Vivo [4]
R1-1800181


Proposal 1: 

· All the resources within the set configured for non-codebook based transmission could be simultaneously transmitted;

Proposal 2: Text proposals for section 6.1.1.2
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.
Proposal 3: Text proposals for section 6.2.1
A UE may be configured to transmit one or more precoded SRS on configured SRS resource(s), where the transmission of precoded SRS is based on the reference signals indicated by the higher layer parameters SRS-SpatialRelationInfo.  

Proposal 4: 

· Clarify the relationship between the following two parameters: 

· associatedCSI-RS 

· spatialRelationInfo

	CATT [5]

R1-1800238


In this contribution, we discussed some possible problems for non-codebook based UL transmission, including the SRS resource configuration, SRI indication, the timing of SRS transmission and the associated CSI-RS ID for SRS resources. We also provide some corrections of specifications for non-codebook based UL transmission. We propose that:
Proposal 1: More than one SRS resource sets can be configured for non-codebook based UL transmission.
Proposal 2: The SRS resources in the same SRS resource set for non-codebook based UL transmission should be configured with the same time domain behavior of aperiodic, periodic, or semi-persistent.
Proposal 3: For non-codebook based UL transmission, SRI is corresponding to the SRS resource set of the latest highest priority SRS transmission within the time window of [n-n_offset, n), where SRI is transmitted in slot n, n_offset is a fixed positive integer.  Where the priority of SRS transmission is defined as follows:
· If the SRS transmissions within the time window are with the same time domain behavior type, all the SRS transmissions with the same preiority;
· If the SRS transmissions within the time window are with different time domain behavior types, the priority order from high to low is as follows: aperiodic SRS > semi-persistent SRS > periodic SRS.
Proposal 4:  If a AP-SRS resource set is triggered in slot n, the corresponding SRS transmission should be commenced in slot 
[image: image21.wmf]nK
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, where the association between triggering state and K is higher layer configured.
Proposal 5:  For a UE configured with AP-SRS resource(s) with an associated AP-CSI-RS, the UE is expected to determine the precoder of the AP-SRS transmission based on the AP-CSI-RS received X symbols before the AP-SRS transmission. 
Proposal 6: If a UE is configured with both SRS and PUSCH transmitted in a symbol, UE is not expected to transmit SRS in the symbol.

Proposal 7: Modify 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 8: Delete current description on the timing of AP-SRS resource trigger, associated CSI-RS transmission and AP-SRS transmission for non-codebook based UL transmission in TS38.214. 
	Intel [6]
R1-1800307


Proposal 1: The number of PRGs can be configured per SRS resource, and its value should be up to 2.

Proposal 2: The SRS resources with different number of PRGs should not be indicated simultaneously.

	LG [7]

R1-1800358


TP to 38.214:

For non-codebook based transmission, the UE can determine its PUSCH precoder and transmission rank based on 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.
	Lenovo, Motorola Mobility [8]

R1-1800397


Proposal: The SRS transmission for non-codebook based transmission should be happened X symbols after the CSI-RS, where X is given by Table 6.1.1.2-1 for different numerologies.

Table 6.1.1.2-1: X value for different numerologies.
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	Samsung [9]

R1-1800422


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 AP-SRS, SRS transmission happens X symbols after the SRS request where X is signaled in the DCI that includes the SRS request

· Analogous to A-CSI request, X is chosen from a set of higher-layer configured values 

· 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”

	OPPO [10]

R1-1800480


According to current agreements and RRC parameters, the following modifications to specifications are needed:

· Only the number of SRS resources which can be simultaneously transmitted is part of UE capability (in the same RBs is not part of UE capability).
· “A UE should assume that SRI is associated with the most recent SRS transmission” should be applied to all types of SRS, not only AP-SRS.
· For all types of SRS, the associated NZP CSI-RS resource is configured per SRS resource set.
· Some editing modification to match the agreements better. 
· Periodic or semi-periodic is configured per SRS resource, not per SRS resource set.
Related TP are proposed in the contribution.
	InterDigital [11]

R1-1800627


Proposal 1 - Maintain independent timing behavior of SRS resources of a SRS resource set. 

Proposal 2 - RAN1 considers UE indication of its state of calibration as the basis for non-codebook base UL MIMO capability.

	NTT DOCOMO [12]

R1-1800658


Proposal: Support frequency-selective precoding for SRS to allow UE to perform frequency-selective precoding for PUSCH with wide-band SRI.
	Ericsson [13]

R1-1800691


Observations:

· Aperiodic and periodic SRS are independently indexed by SRI, referring to the most recent SRS is unambiguous.

· However, 38.214 is ambiguous with respect to whether the most recent SRS is the most recently transmitted SRS or the most recently transmitted SRS identified by the SRI.

Proposal 1:

· Clarify that the most recent SRS is the most recent transmission of the SRS identified by SRI.

Observations:

· Configuring SRS-SpatialRelationInfo in non-codebook based operation conflicts with the use of NZP-CSI-RS-ResourceConfigID in non-codebook based operation.
· SRS-SpatialRelationInfo requires the same transmit and receive spatial filters, while non-codebook based operation uses advanced precoding techniques for transmission that are independent of what is used for reception.

· More than one SRS resource set can be configured to a UE that uses non-codebook based UL transmission.

· There’s a minor typo in section 38.214, section 6.1.1.2: ‘semi-periodic’ should be ‘semi-persistent’.
Proposal 2:

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

· Clarify that only one SRS resource can have higher layer parameter srsSetUse set to ‘NonCodebook’.

· Fix the typo: ‘semi-periodic’ should be ‘semi-persistent’, and remove the word ‘set’ as described below.
	Nokia, Nokia Shanghai Bell [14]

R1-1800749


Proposal 1: Send LS to RAN4 on UE’s capability of timing between transmitting SRS and receiving AP-CSI-RS.
Propose 2: Support SRI bit-mapping to associate SRI bits and SRS resources.

	Qualcomm [15]

R1-1800855


Proposal 1:
When a AP-SRS resource set is associated with an AP-CSI-RS resource, the AP-SRS is transmitted at least N3 OFDM symbols after the end of the AP-CSI-RS, where N3 is the AP-CSI timing parameter.
Proposal 2:
When a UE is configured with an AP-SRS resource set for non-codebook based UL transmission and the AP-SRS resource set is associated with an AP-CSI-RS resource, the AP-SRS transmission is triggered by DCI format 0_1.
Proposal 3:
When a CSI-RS resource associated with an AP-SRS resource set for non-codebook based UL transmission is not linked with any ReportConfig where the ReportQuantity is set to other than “no report,” the maximum number of ports in the CSI-RS resource is 4.
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