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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


Based on the submissions [2]-[15] in RAN1 NR ad hoc #3 meeting under this agenda, these major issues are identified and the related summaries are provided in the remaining sections:

1. Sub-band SRI for frequency selective precoding

2. SRS port mapping

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

· Partial-SB SRI indication is supported to achieve low DCI overhead. (ZTE 15432)
· 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. For non-codebook based UL MIMO, subband SRIs should be supported for frequency selective precoding. (HW 15460)
· Frequency selective precoding is not supported for non-codebook based transmission. If frequency selective precoding is still supported in NR, apply Alt.2 for overhead reduction and flexible subband precoders. (OPPO 15669)
· Alt 2 (signaling TRI only without TPMI)
· Support sub-band TRI indication for UL non-codebook based transmission. (DCM 16079)

· When single SRS resource is configured, only sub-band TRIs are indicated.

· When multiple SRS resources are configured, single SRI and sub-band TRIs are indicated.

· Further study need for frequency selective SRI, considering performance gain vs. overhead of Non-codebook based UL transmission. (E///, 16342)
· Subband indication is not supported for PUSCH precoder determination in non-codebook-based UL MIMO. (Qcom, 16389)
Based on majority opinion, here is a possible agreement:

Possible agreement:

· Further study the need for frequency selective SRI
3
SRS port mapping
Based on the submitted contributions on SRS port mapping, here is the summary:

· Single port SRS resources should be used for non-codebook based operations (E///, 16342)
· For wideband indication of non-codebook based UL MIMO, multiple SRS resources are configured, with one SRS port per SRS resource. For subband indication of non-codebook based UL MIMO, Alt. 1(i.e., at least SRI(s) only without TPMI indication in the UL grant) is adopted. Multiple SRS resources are configured, with one SRS port per SRS resource. (CATT 15795)
· Two cases for multiple SRI (Samsung 15928)
· Case 1: each SRS resource is associated with N=1 port (not TRI)
· Case 2: each SRS resource is associated with N>1 ports and a part of the UL system bandwidth (need single TRI)
Based on these views, here is a possible agreement:

Possible agreement:

· For non-codebook based transmission, support that each SRS resource is associated with single SRS port.
A WF is proposed to address this issue:
R1-1716791
WF on non-codebook based transmission for UL MIMO, Huawei, HiSilicon, Nokia, NSB, NTT DOCOMO, InterDigital, Ericsson, ZTE, Sanechips
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 15928)
· M>1 SRIs in the form of a length-M bitmap, where the value of M is configurable 
· A single TRI indicating the transmission rank across all the subbands 
· DCI payload size for SRI shall not be greater than DCI payload size for TPMI (Nokia, 16491)
Possible agreement is tbd.
5
Operation with SRS resource groups

Here is the summary on discussion on SRS resource groups:

· 3 SRS resource groups can be defined where group 1 can be used for SRS for beam management, group 2 can be used for non-precoded SRS and group 3 can be used for precoded SRS. Different transmission scheme can use different SRS resource groups. (Intel, 16286)
· 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. (E///, 16342)
· For PUSCH precoding indication, support signaling of SRS resource grouping information from UE to gNB. (Qcom, 16389)
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, 16389)
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, 16491)
· Whether non-codebook based transmission is supported for a UE should be an optional capability. (Oppo, 15669)
References
[1]
Chairman’s Notes, RAN1 #90, August 2017

[2]
R1-1715460
Non-codebook based transmission for UL MIMO
Huawei, HiSilicon

[3]
R1-1715669
Further discussion on uplink non-codebook transmission
Guangdong OPPO Mobile Telecom.

[4]
R1-1716286
Remaining issues on non-codebook based UL transmission
Intel Corporation

[5]
R1-1716342
UL MIMO for non-codebook based transmission
Ericsson

[6]
R1-1716389
Non-codebook based UL transmission
Qualcomm Incorporated

[7]
R1-1715432
Non-Codebook based UL transmission
ZTE, Sanechips

[8]
R1-1715613
Discussion on non-codebook based UL transmission
vivo

[9]
R1-1715795
Discussion on non-codebook based transmission for UL
CATT

[10]
R1-1715852
Discussion on non-codebook based transmission for UL
LG Electronics

[11]
R1-1715928
Discussion on Non-Codebook-Based UL Transmission
Samsung

[12]
R1-1716079
Sub-band indication for non-codebook based transmission for uplink
NTT DOCOMO, INC.

[13]
R1-1716176
Non codebook based transmission for UL MIMO
AT&T

[14]
R1-1716210
Non-codebook based transmission for UL
MediaTek Inc.

[15]
R1-1716491
Non-codebook based UL-MIMO transmission
Nokia, Nokia Shanghai Bell
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 [2]-[15].
	ZTE, Sanechips (R1-1715432)


Proposal 1:  For frequency selective precoding, NR supports sub-band SRI(s)-only indication

· Partial-SB SRI indication is supported to achieve low DCI overhead.
	Huawei, HiSilicon (R1-1715460)


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

Proposal 1: Support indicating DL measurement RS for UE to calculate UL candidate precoders via DCI.

Proposal 2: 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 3: For non-codebook based UL MIMO, subband SRIs should be supported for frequency selective precoding.

	vivo (R1-1715613)


Proposal 1: 

· At least for non-codebook based transmission:

· Multiple SRS groups for CSI acquisition could be indicated with implicit or explicit signaling whether resources within group could be simultaneously transmitted or not. 
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.

	Guangdong OPPO Mobile Telecom. (R1-1715669)


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

Proposal 2: Frequency selective precoding is not supported for non-codebook based transmission.

Proposal 3: If frequency selective precoding is still supported in NR, apply Alt.2 for overhead reduction and flexible subband precoders.

	CATT (R1-1715795)


Observation: Non-coherent transmission can be supported by non-codebook based transmission.
Proposal 1: For wideband indication of non-codebook based UL MIMO, multiple SRS resources are configured, with one SRS port per SRS resource. 
Proposal 2: For subband indication of non-codebook based UL MIMO, Alt. 1(i.e., at least SRI(s) only without TPMI indication in the UL grant) is adopted. Multiple SRS resources are configured, with one SRS port per SRS resource.
	LG Electronics (R1-1715852)


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.

	Samsung (R1-1715928)


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:
· M>1 SRIs in the form of a length-M bitmap, where the value of M is configurable 
· A single TRI indicating the transmission rank across all the subbands 

	NTT DOCOMO, INC. (R1-1716079)


Proposal: Support sub-band TRI indication for UL non-codebook based transmission.
· When single SRS resource is configured, only sub-band TRIs are indicated.
· When multiple SRS resources are configured, single SRI and sub-band TRIs are indicated.
	AT&T (R1-1716176)


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
	Intel Corporation (R1-1716286)


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

Proposal 2: to reduce the UE’s complexity and avoid possible rank reverse issue for rank>1 transmission, it is better to support configurable PRG size.

Proposal 3: 3 SRS resource groups can be defined where group 1 can be used for SRS for beam management, group 2 can be used for non-precoded SRS and group 3 can be used for precoded SRS. Different transmission scheme can use different SRS resource groups.

Proposal 4: The number of precoded SRS resource should be dynamically configured to save the overhead of SRS and SRI.

	Ericsson (R1-1716342)


Proposal 1 Single port SRS resources should be used for non-codebook based operations

Proposal 2 Further study need for frequency selective SRI, considering performance gain vs. overhead of Non-codebook based UL transmission.

Proposal 3 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.

	Qualcomm Incorporated (R1-1716389)


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.

Our proposal is given below:

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 (R1-1716491)


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.
