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1
Introduction
Last RAN1 meeting has reached these agreements [3] on non-codebook based UL transmission. A brief review on these agreements as listed below:
On the support of frequency selection precoding for non-codebook based UL transmission, only wideband SRI is supported as the agreement from [3]:

	Agreements:

· Only wideband SRI is supported in Rel-15 for non-codebook based UL transmission

· The above does not preclude frequency selective precoding on SRS


The linkage between CSI-RS and UE’s determination of UL precoder is agreed in [3] to support the DL measurement indication (CSI-RS indication):

	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


The UE capability for coherence transmission is supported with three levels of coherence capability [3]:

	Agreements:

NR supports 3 levels of UE capability for UL MIMO transmission 

· Full coherence

· All ports can be transmitted coherently

· Partial coherence

· Port pairs can be transmitted coherently

· Non-coherence

· No port pairs can be transmitted coherently

TPMI codewords from the codebook are used by gNB accordingly


The UE coherence capability can be extended to SRS coherence ports, as the agreed definition in [3]:

	Agreements:

For 1 SRS resource

· Full coherence

· All ports corresponding to ports in an SRS resource can be transmitted coherently

· Non-coherence

· All ports corresponding to ports in an SRS resource are not transmitted coherently

· Partial coherence

· Ports pairs corresponding to ports in an SRS resource can be transmitted coherently


With this definition of UE coherence capability, it is possible to use multiple SRS resource sets for non-codebook base transmission. An email discussion (90b-NR-12) on SRS grouping has reached an agreement of this proposal [4]:
	Agreements:

Proposal
When a UE is configured with multiple SRS resource sets, one of three behaviors below applies:

· Alt 1: Only one resource in each of multiple SRS sets can be transmitted at a given time instant 

· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously 

· Alt 2: All resources in one of a UE’s SRS resource sets can be transmitted simultaneously 

· The SRS resources in different SRS resource sets may or may not be transmitted simultaneously

· Alt 3: A subset of or all resources in one of a UE’s SRS resource sets can be transmitted simultaneously 

· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously

· Select in RAN1#91 which of the three behaviors is supported and strive to minimize the impact on SRS configuration framework

· FFS: whether or not specification in addition to UE capability is needed to support the selected behavior 

· The UE can indicate its capability to gNB of its supported number of resource sets and supported number of SRS resources per set, and/or, for Alt 3), either 

· per subset, or

· the supported number of SRS resources that can be transmitted simultaneously per set

· Decide in RAN1#91 if this applies to either UL beam management or non-codebook based precoding, or to both UL beam management/non-codebook based precoding




Based on the RAN1 #91 meeting submissions [5]-[29] under Agenda 7.2.1.3 UL non-codebook based transmission, we list proposals from all available contributions under A7.2.1.3 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. Operation with multiple SRS resource sets;

2. Timing offset between aperiodic CSI-RS and aperiodic SRS;

3. Support for frequency selective precoding

2
Operation with multiple SRS resource sets

Three alternatives are listed in the email discussion agreement for the support of multiple SRS resource sets [4]:
	Agreements:

Proposal
When a UE is configured with multiple SRS resource sets, one of three behaviors below applies:

· Alt 1: Only one resource in each of multiple SRS sets can be transmitted at a given time instant 

· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously 

· Alt 2: All resources in one of a UE’s SRS resource sets can be transmitted simultaneously 

· The SRS resources in different SRS resource sets may or may not be transmitted simultaneously

· Alt 3: A subset of or all resources in one of a UE’s SRS resource sets can be transmitted simultaneously 

· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously

· Select in RAN1#91 which of the three behaviors is supported and strive to minimize the impact on SRS configuration framework

· FFS: whether or not specification in addition to UE capability is needed to support the selected behavior 

· The UE can indicate its capability to gNB of its supported number of resource sets and supported number of SRS resources per set, and/or, for Alt 3), either 

· per subset, or

· the supported number of SRS resources that can be transmitted simultaneously per set

· Decide in RAN1#91 if this applies to either UL beam management or non-codebook based precoding, or to both UL beam management/non-codebook based precoding




The summary of companies’ views on the support of these 3 alternatives is listed here:
	Company
	Views

	ZTE
	Support the following SRS grouping configuration:

• Alt 3: A subset of or all resources in one of a UE’s SRS resource sets can be transmitted simultaneously

• The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously

	vivo
	For the resources within the SRS resources set configured for beam management, only one resource in each of the multiple SRS sets can be transmitted at a given time instant;

• For the resources within the SRS resources set configured for CSI acquisition, all the resources could be transmitted simultaneously.

	LG
	Support Alt 3 (A subset of or all resources in one of a UE’s SRS resource sets can be transmitted simultaneously)

• The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously

	OPPO
	When a UE is configured with multiple SRS resource sets, Alt.1 (Only one resource in each of multiple SRS sets can be transmitted at a given time instant) is applied and only for UL beam management.

	Intel
	Proposal 4: For beam management, Alt 1 should be supported with regard to small signaling overhead.

Proposal 5: For non-codebook based transmission, Alt2 should be supported, where some resource sets can be transmitted simultaneously.

	CATT
	A subset of or all resources in one of a UE’s SRS resource sets can be transmitted simultaneously 

• SRS resources in different SRS resource subsets of the same SRS resource set cannot be transmitted simultaneously

• SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously

	Samsung
	· Support the following features for CSI-RS used concurrently with SRS to aid UL non-codebook-based transmission:
· A UE can be configured with only one CSI-RS resource for a given SRS resource configuration

· For AP-CSI-RS used concurrently with AP-SRS”

· A set of X values can be configured via RRC signaling and the value of X is signaled via the AP-SRS-triggering DCI

· Analogous to A-CSI triggering in relation to the reporting of A-CSI

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

	Qualcomm
	When a UE is configured with multiple SRS resource sets, only one resource in each multiple SRS sets can be transmitted at a given time instant.

	Nokia
	Support simultaneous transmission of one SRS resource or two SRS resources in each of multiple SRS resource sets.

	Ericsson
	· Select Alt.1 below out of the three possible alternatives for SRS resource grouping from email discussion [90b-nr-12]
· “Alt 1: Only one resource in each of multiple SRS sets can be transmitted at a given time instant 

· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously”




Here is the short summary for the three alternatives:

· Alt 1:

· Support: vivo (for beam management), OPPO (only for UL beam management), Intel (for beam management), Qualcomm, Nokia, Ericsson
· Alt 2:

· Support: vivo (for CSI acquisition), Intel (for non-codebook based transmission)
· Alt 3:

· Support: ZTE, LG, CATT
Based on the majority views from companies, we shall have this proposal:

Proposed agreement:

· When a UE is configured with multiple SRS resource sets, support Alt 1 behaviour:

· Alt 1: Only one resource in each of multiple SRS sets can be transmitted at a given time instant 

· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously.

On the application to either UL beam management and non-codebook based transmission:

	Company
	Views

	ZTE
	SRS resource grouping can be applied on both UL beam management and non-codebook based transmission.

	vivo
	SRS resource sets are configured with explicit indication of its usage for CSI acquisition or for beam management.  

	Intel
	To apply the same multiple SRS resource sets for both beam management and non-codebook based transmission should not be supported. Independent SRS resource sets should be used for codebook based transmission, non-codebook based transmission and beam management.

	CATT
	A common SRS grouping scheme and UE capability indication should be applied to both UL beam management and non-codebook based precoding.


Based on these views, we can have these alternatives for discussion:

Proposed agreement:

· The configuration of multiple SRS resource sets can be applied for UE on one of the options:
· Option 1: for uplink CSI acquisition only
· Option 2: for uplink beam management only
· Option 3: for both uplink CSI acquisition and uplink beam management

If Alt 3 (a subset of or all resources in one of a UE’s SRS resource sets can be transmitted simultaneously) is agreed, UE needs indicate its capability for simultaneously transmitted SRS resource sets. The views from companies are summarized below:

	Company
	Views

	ZTE
	The UE can indicate its capability to gNB of its supported number of resource sets and supported number of SRS resources per set, and the supported number of SRS resources that can be transmitted simultaneously per set.

	Intel
	It should be supported that the UE should report its capability of the number of SRS resource sets to be simultaneously transmitted.

	CATT
	The UE can indicate its capability to gNB of its supported number of resource sets and supported number of SRS resources subsets per set, and the number of SRS resources that can be selected per subset.


Further discussion on this capability reporting is needed if Alt 3 is agreed.

3
Timing offsets between AP CSI-RS and SRS

Last RAN1 meeting has reached this agreement on the linkage between CSI-RS and UE’s determination of UL precoder [3]:

	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


For the AP-SRS(s) association with P(>1)-port AP-CSI-RS, the timing offset X, which is offset between CSI-RS and the transmitted SRS, is not yet agreed. Companies’ views are listed below:
	Company
	Views

	Huawei
	The minimum value of X should be reported by UE as its capability and the exact value of X could be indicated via DCI.

	Intel
	The timing offset between SRS resource and SRI should be defined.

	Qualcomm
	The duration from the last symbol of a CSI-RS to the first symbol of the aperiodic SRS which is associated with the CSI-RS shall be at least N'3 symbols, where N'3 is the duration from the last symbol of a CSI-RS to the first symbol of the PUSCH carrying the UCI.


No specific proposal of X is presented. There are at least two views: either X is fixed, or X is UE-dependent. 

Proposed agreement:

· The AP-SRS(s) is transmitted X symbols after AP-CSI-RS. The value of X can be either

· Option 1: fixed for all UE (FFS X values), or

· Option 2: UE dependent.

4
Support of frequency selective precoding

It was agreement that frequency selective precoding shall be supported for non-codebook based uplink transmission. On the support of frequency selection precoding for non-codebook based UL transmission, only wideband SRI is supported as the agreement from [3]:

	Agreements:

· Only wideband SRI is supported in Rel-15 for non-codebook based UL transmission

· The above does not preclude frequency selective precoding on SRS


Views on the supported of frequency selective precoding are summarized here:

	Company
	Views

	Huawei
	For frequency selective precoding based non-codebook based UL MIMO, frequency selective precoding SRS should be supported where the precoding granularity is configured for each SRS resource, and wideband SRI is used to select the SRS resource(s) for PUSCH precoding.

For frequency selective precoding based non-codebook based UL MIMO, the SRS precoding granularity should be same as PRG size for PUSCH.

	CATT
	For non-codebook based UL transmission with frequency selective precoding, the frequency domain starting position of subbands of users should be aligned. 

For non-codebook based UL transmission with frequency selective precoding, the precoding granularity of users should be predefined( e.g. 4 PRBs is used).

	DoCoMo
	Support sub-band precoding for SRS.

	Nokia
	There is no explicit specification support of frequency selective precoding for non-codebook based transmission.


Since there will be no sub-band SRI in Rel-15, the details for configuring subband precoding for non-codebook based transmission are still missing. Discussion is needed to finalize the frequency selective precoding details.
Proposed agreement:

· No explicit support of frequency selective precoding for non-codebook based transmission in Rel-15.
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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 [5]-[19].
	Huawei, HiSilicon [5]
R1-1719431


Proposal 1: The minimum value of X should be reported by UE as its capability and the exact value of X could be indicated via DCI.

Proposal 2: Support using bitmap for SRI at least for wideband precoding.

Proposal 3: For frequency selective precoding based non-codebook based UL MIMO, frequency selective precoding SRS should be supported where the precoding granularity is configured for each SRS resource, and wideband SRI is used to select the SRS resource(s) for PUSCH precoding.

Proposal 4: For frequency selective precoding based non-codebook based UL MIMO, the SRS precoding granularity should be same as PRG size for PUSCH.
	ZTE [6]
R1-1719528


Proposal 1: SRS resource grouping can be applied on both UL beam management and non-codebook based transmission.

Proposal 2: Support the following SRS grouping configuration:

• Alt 3: A subset of or all resources in one of a UE’s SRS resource sets can be transmitted simultaneously

• The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously

• The UE can indicate its capability to gNB of its supported number of resource sets and supported number of SRS resources per set, and the supported number of SRS resources that can be transmitted simultaneously per set.
	MediaTek [7]

R1-1719563


Observation: non-codebook based transmission is not equivalent to non-coherence codebook based transmission.

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

	Vivo [9]
R1-1719765


Proposal 1: 

• Within the following two reports, only one of them is explicitly reported from UE to the network, with the other one implicitly derived: 

- Coherence capability report

- Number of PTRS ports

Proposal 2: 

• SRS resource sets are configured with explicit indication of its usage for CSI acquisition or for beam management.  

Proposal 3: 

• For the resources within the SRS resources set configured for beam management, only one resource in each of the multiple SRS sets can be transmitted at a given time instant;

• For the resources within the SRS resources set configured for CSI acquisition, all the resources could be transmitted simultaneously.

- CSI-RS for the calculation of SRS precoding is configured per SRS set.  

Proposal 4: 

• UE could implicitly determine whether the corresponding configuration of CSI acquisition SRS resource is for codebook based transmission or non-codebook based transmission: 

- For codebook based transmission, support only one resource per SRS resource set, with number of ports of the SRS equal to number of max UL transmission layers;

- For non-codebook based transmission, support only one port per SRS resource;

Proposal 5: 

• UEs are implicitly indicated by SRI about whether the UL transmission is codebook based or non-codebook based.
	LG [10]
R1-1719903


Proposal 1: Support the following UE capability information for non-codebook based UL

• The supported number of SRS resource sets

– Note: This may correspond to the number of panels

• The supported number of SRS resources that can be transmitted simultaneously per set

– Note: This may correspond to the maximum number of FDMed beams/ports per panel

• Port coherency capability across different SRS resource sets

Proposal 2: When UE is configured multiple SRS resource sets, UE can assume the set indices configured by gNB map to the set indices reported by UE capability. 

Proposal 3: Support Alt 3 (A subset of or all resources in one of a UE’s SRS resource sets can be transmitted simultaneously)

• The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously

	OPPO [11]
R1-1719965


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

Proposal 2: Single SRS resource set with N SRS resources is sufficient for non-codebook based UL transmission for UE with N Tx chain.

Proposal 3: When a UE is configured with multiple SRS resource sets, Alt.1 (Only one resource in each of multiple SRS sets can be transmitted at a given time instant) is applied and only for UL beam management.

Proposal 4: The SRS resources in the SRS resource set for UL non-codebook transmission should be transmitted in the same bandwidth, symbol and transmit power.

Proposal 5: Set-specific power control parameters are applied to the SRS resource set for UL non-codebook transmission.

Proposal 6: For non-codebook based transmission, the same transmit power (e.g. the same value of {j, k, l}) is applied to different layers associated with different SRIs.
	Intel [12]
R1-1720067


Proposal 1: The timing offset between SRS resource and SRI should be defined.

Proposal 2: The PRG size or number of PRGs can be configured for each SRS resource, and single SRI(s) can be used for subband precoding.

Proposal 3: To apply the same multiple SRS resource sets for both beam management and non-codebook based transmission should not be supported. Independent SRS resource sets should be used for codebook based transmission, non-codebook based transmission and beam management.

Proposal 4: For beam management, Alt 1 should be supported with regard to small signaling overhead.

Proposal 5: For non-codebook based transmission, Alt2 should be supported, where some resource sets can be transmitted simultaneously.

Proposal 6: It should be supported that the UE should report its capability of the number of SRS resource sets to be simultaneously transmitted.
	CATT [13]
R1-1720179


Proposal 1: A subset of or all resources in one of a UE’s SRS resource sets can be transmitted simultaneously 

• SRS resources in different SRS resource subsets of the same SRS resource set cannot be transmitted simultaneously

• SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously

Proposal 2: The UE can indicate its capability to gNB of its supported number of resource sets and supported number of SRS resources subsets per set, and the number of SRS resources that can be selected per subset.

Proposal 3: A common SRS grouping scheme and UE capability indication should be applied to both UL beam management and non-codebook based precoding.

Proposal 4: 

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

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

Proposal 5: TRI restriction is supported for non-codebook based UL transmission.

Proposal 6: For non-codebook based UL transmission with frequency selective precoding, the frequency domain starting position of subbands of users should be aligned. 

Proposal 7: For non-codebook based UL transmission with frequency selective precoding, the precoding granularity of users should be predefined( e.g. 4 PRBs is used).
	Samsung [14]

R1-1720283


· Introduce the following components into UL-related DCI:

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

· Support the following features for CSI-RS used concurrently with SRS to aid UL non-codebook-based transmission:
· A UE can be configured with only one CSI-RS resource for a given SRS resource configuration

· For AP-CSI-RS used concurrently with AP-SRS”

· A set of X values can be configured via RRC signaling and the value of X is signaled via the AP-SRS-triggering DCI

· Analogous to A-CSI triggering in relation to the reporting of A-CSI

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

	Qualcomm [15]
R1-1720658


Proposal 1: The duration from the last symbol of a CSI-RS to the first symbol of the aperiodic SRS which is associated with the CSI-RS shall be at least N'3 symbols, where N'3 is the duration from the last symbol of a CSI-RS to the first symbol of the PUSCH carrying the UCI.

Proposal 2: For PUSCH precoding indication, support signaling of SRS resource grouping information from UE to gNB.

Proposal 3: When a UE is configured with multiple SRS resource sets, only one resource in each multiple SRS sets can be transmitted at a given time instant.

Proposal 4: Support of non-codebook based UL transmission is a UE capability.

	DCM [17]

R1-1720800


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.

• FFS: Additional SRS resource(s)
	Nokia [18]
R1-1720887


Proposal 1: There is no explicit specification support of frequency selection precoding for non-codebook based transmission.

Proposal 2: Support simultaneous transmission of one SRS resource or two SRS resources in each of multiple SRS resource sets.
	Ericsson [19]

R1-1721037


Proposals:

· Do not include an SRS resource in multiple SRS resource sets.
· Select Alt.1 below out of the three possible alternatives for SRS resource grouping from email discussion [90b-nr-12]
· “Alt 1: Only one resource in each of multiple SRS sets can be transmitted at a given time instant 

· The SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously”
· An SRS resource set can contain more SRS resources than maximum number of layers that the UE can support.
· To indicate multiple SRI(s) in DCI, jointly encode the rank and the selection of the group of SRIs
