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1
Introduction
In RAN1 #90 meeting, a signaling approach to support non-codebook based UL MIMO is agreed [1]. The agreements are listed here:

	Agreements:

· For PUSCH precoder determination in non-codebook-based UL MIMO, support Alt.1, (i.e., at least SRI(s) only without TPMI indication in the UL grant) for wideband indication.

· Note: The gNB should only signal SRI(s) such that the UL precoding transmission inferred from the signaled SRI(s) can be simultaneously conducted by the UE. 

· FFS details

· FFS: If sub-band indication is supported, down-select Alt. 1-3 for it


With the agreement, the SRI(s) signaling without TPMI indication is supported in the uplink grant for non-codebook based UL-MIMO. 

The mapping between SRS resource and SRS port has been agreed as the Working Assumption in RAN1 NR ad hoc meeting #3. The working assumption is [2]:

	Working assumption
· For PUSCH precoder determination using wideband SRI only indication in non-codebook based UL MIMO, only one SRS port per SRS resource can be configured 

· Note: to support high rank transmission, multiple SRS resources should be indicated

· FFS: subband SRI indication

· FFS: Details of DCI for wideband SRI indication

· FFS: Details on how to reduce the overhead and SRS resource


Based on the RAN1 #90bis meeting submissions [3]-[17] under UL non-codebook based transmission agenda, we list proposals and observations from all contributions under 7.2.1.3 in Appendix. To the best knowledge of the author, these major issues are identified and the related summaries are provided in the remaining sections:
1. Confirmation on the working assumption on SRS port mapping

2. Support for frequency selective precoding

3. UL-related DCI to support non-codebook based DCI

4. Operation with SRS resource groups

5. UE Tx/Rx calibration signaling and UE capability for support of non-codebook based transmission
2
Confirmation on the working assumption on SRS port mapping
This working assumption is agreed in last meeting:
	Working assumption
· For PUSCH precoder determination using wideband SRI only indication in non-codebook based UL MIMO, only one SRS port per SRS resource can be configured 

· Note: to support high rank transmission, multiple SRS resources should be indicated

· FFS: subband SRI indication

· FFS: Details of DCI for wideband SRI indication

· FFS: Details on how to reduce the overhead and SRS resource


For the sake of progress, this working assumption shall be confirmed. This is supported by Huawei, ZTE, and Spreadtrum.
Possible agreement: 

· Confirm working assumption: 

· For PUSCH precoder determination using wideband SRI only indication in non-codebook based UL MIMO, only one SRS port per SRS resource can be configured 
· Note: to support high rank transmission, multiple SRS resources should be indicated

3
Sub-band SRI for frequency selective precoding
Based on the submitted contributions on sub-band SRI, here is the summary on the discussion of sub-band SRI:

· Partial-SB SRI is supported for low overhead (ZTE 17418)

· Support frequency selective precoding SRS with same precoding granularity as PRG size. Support subband SRIs. (HW 17296)

· Further study subband indication (Spreadtrum 17753)

· Support subband SRS precoding (DCM 18189)

· Subband SRI is supported with a combination of wideband and subband SRI reporting (Interdigital 18478)

· Further study need for frequency selective SRI (E///, 18426)

· Subband indication (SRI) is not supported for PUSCH precoder determination (Qcom, 18537)
· Not support freq selection precoding (oppo 18025)
· Non-codebook based UL MIMO with frequency selective precoding is not explicitly supported in Rel-15. (CATT 17808)

There are mixed views on the support of sub-band SRI. Further study for frequency selective SRI is needed to have a decision on either of these alternatives: 
Alt 1: Only wideband SRI is supported in Rel-15.

Alt 2: Subband SRI is supported.
4
UL-related DCI to support non-codebook based DCI

Based on the submitted contributions on UL related DCI under this agenda, here is the summary:

· Introduce the following components into UL-related DCI: (Samsung 17596)

· Length-K bitmap indicating the L selected SRS resources (where L is the assigned number of UL transmission layers)

· Use case 2 (for frequency selective precoding) is not supported in Phase I

· For non-codebook-based UL transmission, the maximum number of data layers could be configured smaller than the number of configured SRS resources. (CATT 17808)

· Possible combinations of SRI(s) are jointly encoded in DCI. 

· DCI payload size for SRI shall not be greater than DCI payload size for TPMI (Nokia, 16491)
More studies are needed to provide the details on the UL-related DCI, with the decision on the support of subband SRI.
There is a WF on DL measurement RS indication for non-codebook based transmission for UL MIMO.
R1-17xxxxx
WF on DL measurement RS indication for non-codebook based transmission for UL MIMO, Huawei, HiSilicon, Intel, …
5
Operation with SRS resource groups

Here is the summary on discussion on SRS resource groups:

· Ericsson (18426): 

· SRS resource groups are defined, where a UE can be assumed to be able to transmit only one SRS resource in an SRS resource group at a time, and where a UE can simultaneously transmit one SRS resource from each of multiple SRS resource groups.
· Take into account SRS resource grouping when signalling multiple SRI indications in DCI
· Qualcomm (18537): For PUSCH precoding indication, support signaling of SRS resource grouping information from UE to gNB
6
UE Tx/Rx calibration signaling and UE capability
One company proposes to check on the need for signaling support of UE Tx/Rx calibration:

· Decide in RAN1 #90bis if any specific signaling is supported in NR Rel-15 for UE side Tx/Rx calibration. (Qcom, 18537)
Related with this issue, here is the summary on the support of non-codebook based transmission:
· Non-codebook based transmission shall only be configured when a UE can maintain at least partial channel reciprocity. (Nokia, 18508)
· Whether non-codebook based transmission is supported for a UE should be an optional capability. (Oppo, 18025)
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Appendix – Proposals from companies

Proposals from different companies related to this topic are listed in the following, based on the conclusion part of the corresponding contributions [3]-[17].
	Huawei, HiSilicon (R1-1717296)


Observation 1: For non-codebook based UL MIMO, subband SRI is necessary for frequency selective precoding.

Proposal 1: Support indicating CSI-RS for UE to calculate UL candidate precoders for SRS via DCI.

Proposal 2: Confirm the working assumption, i.e., only one port per SRS resource is supported for non-codebook based transmission.

Proposal 3: For frequency selective precoding based non-codebook based UL MIMO, frequency selective precoding SRS should be supported, where the SRS precoding granularity is the same as PRG size.

Proposal 4: For non-codebook based UL MIMO, subband SRIs are supported for frequency selective precoding.
	Intel (R1-1717363)


Proposal 1: CSI-RS should be used for measurement and the CRI can be configured for some SRS resources.

Proposal 2: If option 1 (1-port SRS resource) is supported, the SRS resource sub-set restriction for each rank should be supported to reduce control signaling overhead of SRI(s) in DCI.

Proposal 3: The PRG size or number of PRGs can be indicated for each SRS resource, and single SRI(s) can be used for subband precoding.
	ZTE, Sanechips (R1-1717418)


Proposal 1: Confirm the following working assumption:

•
For PUSCH precoder determination using wideband SRI only indication in non-codebook based UL MIMO, only one SRS port per SRS resource can be configured 

–
Note: to support high rank transmission, multiple SRS resources should be indicated

Proposal 2:  For frequency selective precoding, NR supports sub-band SRI(s)-only indication


Partial-SB SRI indication is supported to achieve low DCI overhead.
	Vivo (R1-1717468)


Proposal 1: 

•
All the ports across the SRS resources for CSI-acquisition of non-codebook based transmission could be simultaneously transmitted, at least for the NR version before December.  

Proposal 2: 

•
In order to reduce the corresponding signaling overhead:

-
A mapping table between SRI and SRS resources is set up through RRC signaling. Only resources configured for CSI acquisition is labeled in the table.

Proposal 3: 

•
UE does not expect to switch beams between different symbols of one SRS resource.

Proposal 4: 

•
For CSI-acquisition SRS of non-codebook based transmission:

-
Tx beam of CSI-acquisition SRS for non-codebook based transmission could be indicated by CRI;

-
It is up to UE to determine whether Tx chains from different panels are simultaneously used for SRS transmission or not;

Proposal 5: 

•
Spec transparent small delay CDD and precoder cycling is merged in non-codebook based transmission;

•
Support PRB bundling size indication for the transmission of CSI-acquisition SRS;      
	Samsung (R1-1717596)


Our observation is summarized as follows:

· Multiple SRIs can be used as follows:
· [Use case 1] When each SRS resource is associated with N=1 port, multiple SRIs facilitate UL spatial multiplexing with frequency non-selective precoder
· TRI is not required 
· [Use case 2] When each SRS resource is associated with N>1 ports and a part of the UL system bandwidth, multiple SRIs facilitate UL spatial multiplexing with frequency selective precoder

· A single TRI (associated with all the SRIs) may be required 
The following proposal is made
· Introduce the following components into UL-related DCI:

· Length-K bitmap indicating the L selected SRS resources (where L is the assigned number of UL transmission layers)
· Use case 2 (for frequency selective precoding) is not supported in Phase I
	Spreadtrum Communications (R1-1717753)


Proposal 1: Confirm the WA of last meeting:

•
For PUSCH precoder determination using wideband SRI only indication in non-codebook based UL MIMO, only one SRS port per SRS resource can be configured.

Proposal 2: Further study the necessity of supporting subband indication, considering performance gain and overhead signalling compared with wideband indication for non-codebook based UL transmission.
	CATT (R1-1717808)


Proposal 1: 


For non-codebook-based UL transmission, the maximum number of data layers could be configured smaller than the number of configured SRS resources.


Possible combinations of SRI(s) are jointly encoded in DCI. 

Proposal 2: Non-codebook based UL MIMO with frequency selective precoding is not explicitly supported in Rel-15. 

Proposal 3: If frequency selective precoding is supported for non-codebook based UL transmission, only one SRS port per SRS resource can be configured.

Proposal 4: If frequency selective precoding is supported for non-codebook based UL transmission, only wideband SRI is indicated.
	LG (R1-1717937)


Proposal 1: Regarding operations based on two-step SRS resource configuration, NR supports SRI or CRI indication per configured SRS resource via MAC-CE, as the beam indication for SRS transmission.

Proposal 2: Instead of introducing subband SRI indication, to save DCI signaling overhead, it is preferable to configure a SRS resource with its Tx beam indication by CRI to apply frequency-selective Tx beam, where the Tx beam is determined as the same one used for the indicated CSI-RS reception, based on the beam correspondence.

Proposal 3: In case when a SRS resource with antenna switching is indicated by SRI in UL grant, an antenna index should also be indicated. If frequency hopping is enabled, antenna switching is applied first, followed by frequency hopping.
	OPPO (R1-1718025)


Proposal 1: Whether non-codebook based transmission is supported for a UE should be an optional capability.

Proposal 2: The single port SRS resources for UL non-codebook transmission should be transmitted in the same symbol with the same bandwidth and transmit power.

Proposal 3: A SRS resource group can be configured for UL non-codebook transmission with group-specific power control parameters.

Proposal 4: Frequency selective precoding is not supported for uplink non-codebook based transmission.

Proposal 5: If frequency selective precoding is supported in NR, apply TRI only indication (Alt.2) for overhead reduction and flexible subband precoders.
	NTT DOCOM (R1-1718189)


Observation: Since sub-band precoding can work without sub-band indication, sub-band indication is not essential function for Rel.15 NR. Further optimization can be discussed in the future release.

Proposal 1: Support sub-band precoding for SRS.

Proposal 2: Support at least 4 SRS resource configuration for beam determination for UL non-codebook based transmission.
	AT&T (R1-1718386)


Proposal 1: Non-codebook based UL MIMO should be part of codebook based UL MIMO where the PMI indication is switched off in the DCI. 

Proposal 2: Signaling of SRI(s) only, without TPMI indication in the UL grant

	 Ericsson (R1-1718426)


Observation 1
: Overhead for SRI signalling can be reduced by considering the SRS resource groups during SRI signalling

Proposal 1
: Further study the need for frequency selective SRI, considering performance gain vs. overhead of non-codebook based UL transmission.

Proposal 2
: SRS resource groups are defined, where a UE can be assumed to be able to transmit only one SRS resource in an SRS resource group at a time, and where a UE can simultaneously transmit one SRS resource from each of multiple SRS resource groups.

Proposal 3
: Take into account SRS resource grouping when signalling multiple SRI indications in DCI

	InterDigital (R1-1718478)


Proposal 1 – Subband SRI is supported. 

Proposal 2 – A combination of wideband and subband SRI reporting is supported.
	QualComm (R1-1718537)


Observation 1: 
For Alt-1, indicating SRIs for each subband is not needed for signaling PUSCH subband precoding.

Observation 2: 
For Alt-1, wideband indication of PUSCH subband precoder does not necessarily mean subband SRS precoding in the same symbol.

Observation 3: 
UE side TX/RX calibration is needed for exploiting channel reciprocity in UL MIMO transmission.

Observation 4: 
Observation 1: Depending on UE implementation, some combinations of SRIs for indicating PUSCH precoding should be avoided.

Proposal 1:
Subband indication is not supported for PUSCH precoder determination in non-codebook-based UL MIMO.

Proposal 2:
Decide in RAN1#90bis if any specific signaling is supported in NR Rel-15 for UE side TX/RX calibration.

Proposal 3:
For PUSCH precoding indication, support signaling of SRS resource grouping information from UE to gNB.

	Nokia, Nokia Shanghai Bell (R1-1718508)


Observation 1:
It is potential to improve the performance of codebook based transmission scheme for NR UL-MIMO.

Observation 2: If no DL-UL channel reciprocity is maintained at the UE side, non-codebook based transmission will have similar performance to the codebook based transmission scheme.

Our proposals are:

Proposal 1: Non-codebook based transmission shall only be configured when a UE can maintain at least partial channel reciprocity.

Proposal 2: DCI payload size for SRI shall not be greater than DCI payload size for TPMI.
