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1. Introduction
In RAN1#89 meeting, following agreements were made [1]:
Agreements:

· When the number of transmission ports is less than or equal to 2, frequency selective precoding is not supported for both schemes A and B

· When the number of transmission ports is >2, frequency selective precoding for CP-OFDM can be configured by gNB for both schemes A and B

· FFS how to support/indicate frequency selective precoding (including potentially spec-transparent support)

· Note: frequency-selective TPMI is to be discussed separately

In RAN1 NR Adhoc #2 meeting, following agreements were made [2]:
Agreements:

· For PUSCH Precoding determination in non-codebook-based UL MIMO, support at least one of the followings: 

· Alt.1: Signalling of SRI(s) only, without TPMI indication in the UL grant

· Alt.2: Signalling of TRI only, without TPMI indication in the UL grant

· Alt.3: Signalling of TRI and a single SRI, without TPMI indication in the UL grant

· Alt. 4: signalling of a single TRI, a single CRI without TPMI indication in the UL grant

· To down-select in the next meeting considering single- vs. multi-panel (companies are encouraged to perform more evaluations)

· Note: this may depend UE’s capability in terms of calibration

In RAN1 #90 meeting, following agreements were made [3]:
Agreements:

· For PUSCH Precoding 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 subband indication is supported, down-select Alt. 1-3 for it
In RAN1 NR Adhoc #3 meeting, the following working assumption was achieved:
· 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

In RAN1 #90bis meeting, following agreements were made [4]:
Agreement:

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

· The above does not preclude frequency selective precoding on SRS

Agreement:

· 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

Agreement:

· For non-codebook based UL transmission, a total of up to 4 SRS ports can be indicated by SRI(s) using one DCI field

Agreement:

· Confirm the following working assumption:

· For non-codebook based precoding, each SRS resource contains one port
For the email discussion on SRS grouping after RAN1 #90bis meeting, the following proposal was reached:
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

In this contribution we discuss the remaining issues on non-codebook based UL transmission. 
2. Discussion
2.1. SRS grouping
SRS grouping for a UE configured with multiple SRS resource sets would be related to the application scenarios. There are three application scenarios for non-codebook based UL transmission:
· Scenario 1: UL beam management only
This is a common case for a UE with the capability of non-coherent transmission. For non-coherent transmission, no digital precoding can be applied to different SRS ports. When only UL beam management is considered, multiple SRS resource sets can be configured, where each set corresponding to a TXRU ( or RF chain), different SRS resources in the same set can be used for different analog beams. Then only one resource in each SRS set can be transmitted at a given time instant, and the SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously. That is one application scenario for SRS grouping Alt.1. 
For this case, UE can report the number of SRS sets and number of SRS resources in each set, where the number of SRS sets represents the number of SRS ports that UE can support, the number of SRS resources in a set represents the number of Tx analog beams that supported for the corresponding SRS port.
· Scenario 2: non-codebook based precoding only
When analog beam management and digital precoding are decoupled, this scenario would have use cases. For this scenario, a UE at least have to report the supported number of SRS resources. If gNB is restricted to configure SRS resources corresponding to the reporting, no SRS grouping is needed. 
However, it is not reasonable to restrict gNB’s behaviour on SRS resource configurations. In general, gNB can configure more SRS resources than the number of RF chains that UE supported, then more candidate digital precoders can be used for UL transmission. For example, a UE support 4TxRUs, but it only has partial coherent transmission capability, i.e. only 2TXRUs can be transmitted coherently. Then 2 TXRUs can be precoded to be 1 SRS port. If 8 SRS resources are configured, and UE uses 4 SRS resources to transmit with 2 TXRU, then 4 different digital precodings are used for the 2 TXRU, at most two SRS resources can be selected from the 4 SRS resources. Therefore, the coherent transmission relationships among the SRS resources have to be reported to gNB. It can be reported in two forms: one is the coherent transmission capability of UE; the other is the number of SRS resource sets and the number of SRS resources in each SRS resource set. Then gNB can configure multiple SRS resource set to UE, where each set corresponding to a coherent transmission group, different SRS resources in the same set can be used for different digital precoding. Then all resources can be transmitted simultaneously, SRS grouping can reduce the gNB complexity on SRS selection.
· Scenario 3: both UL beam management/non-codebook based precoding
This scenario is a combination of scenario 1 and scenario 2. Multiple SRS sets are configured, and each SRS set corresponding to a coherent transmission ports group. Each SRS set is separated to several subsets, where one subset corresponding to an analog beamforming of the corresponding ports group. Then all resources in one of a UE’s SRS resource subset of a SRS resource set can be transmitted simultaneously, the SRS resources in different subsets in one SRS resources set can’t be transmitted simultaneously, the SRS resources in different SRS resource sets (for a subset of the configured SRS resource sets) can be transmitted simultaneously. This is corresponding to SRS grouping Alt 3.
For this scenario, UE should indicate its capability to gNB of its supported number of resource sets and supported number of SRS resources subsets per set, and the supported number of SRS resources that can be selected per set.
For non-codebook based UL transmission, SRS grouping should be applied to the three scenarios mentioned above. A common SRS resources configuration and UE capability indication should be used. We propose to use the following SRS grouping mechanism and UE capability indication:
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.
2.2. DCI signaling for wideband SRI indication
For wideband SRI indication, the number of layers, i.e., TRI, equals to the number of indicated SRI as only one SRS port per SRS resource can be configured. If the UE is scheduled to transmit k layers, k SRS resources are indicated by gNB. The signalling overhead for precoding indication is proportional to the number of SRIs. As SRI is transmitted in DCI, the DCI payload shall not vary with number of scheduled layers to avoid increasing the blind detection complexity of UE. In order to keep the DCI payload size constant regardless of the number of indicated SRS resources, the following two indication mechanisms can be considered:
Alt. 1: A bitmap is used to indicate the selected SRS resource(s). For a UE configured with N SRS resources, an N-bit bitmap is included in the DCI. Each bit in the bitmap corresponds to one SRS resource. The number of SRS resources N is higher-layer configured, and DCI payload size is therefore determined from the higher-layer signalling.
Alt. 2: Possible combinations of SRI(s) are jointly encoded. When N SRS resources are configured, the payload for SRI indication would be 
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where K is the maximum number of data layers, i.e., maximum number of indicated SRI(s). If K always equals N, Alt.1 and Alt.2 give rise to the same payload of SRI indication. If K is allowed to be smaller than N, payload may be reduced by using Alt.2. For example, if the K = 1 and N = 4, then 2 bits in DCI is needed rather than 4 bits. 
If the maximum number of data layer supported by UE is K, more SRS resources than K can be configured to attain flexibility in selecting precoder for SRS transmission and data transmission. For example, more candidates of precoders are determined and applied to SRS by UE. gNB could select preferred precoders to balance variable targets like maximizing link throughput, minimizing inter-cell interference, etc. Another use case of configuring more SRS resource than K is to support analog beamforming. UE may transmit SRS with multiple analog beams for gNB to measure and select a best analog beam. But only one analog beam can be selected due to the restriction of analog beamforming. In this case, the maximum number of data layer is also smaller than the number of configured SRS resources.
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.
Similar as TRI restriction for codebook based UL transmission, TRI restriction can be configured by gNB, then the overhead of SRI indication can be further reduced.
Proposal 5: TRI restriction is supported for non-codebook based UL transmission.
2.3. Frequency selective precoding 
It was agreed in the previous meetings that when the number of transmission ports is > 2, frequency selective precoding for CP-OFDM can be configured by gNB for non-codebook based UL transmission. Subband precoding for non-codebook based transmission can be achieved by using subband precoded SRS, i.e., UE determines the precoder for each subband, and transmits SRS with these subband precoders. In this way, signaling overhead of frequency selective precoding and wideband precoding would be the same. However, ZC sequence is used for SRS. ZC sequence has the property that different cyclic shift of a ZC sequence are orthogonal. Therefore, multiple users can transmit SRSs simultaneously with different cyclic shifts of a ZC sequence.  For example, if the channels of two users are frequency flat, they are still orthogonal at the receiver, gNB can distinguish them from each other. If frequency selective precoding is used, the equivalent channel of subbands may be not flat, which may damage the orthogonality of received signals of different users.
In order to make sure the interferences from other users in a subband can be removed or suppressed, the equivalent channels in the subband of interference users have to be flat, i.e. the precodings of interference uses are not changed in the subband. The simplest way to ensure the equivalent channel of interference users in a subband is flat is making all users have the same precoding granularity. 
In RAN1 #90bis meeting, the following agreements were reached on SRS:
The frequency domain starting position of a SRS allocation (analogous to K0_P in LTE) is UE specifically configurable such that it is aligned on a common grid with 4 PRB granularity defined on a wideband CC from network perspective
· Note: This can enable alignment of SRS resources of different UEs with partially overlapped BWPs multiplexed on the same comb
NR support for a maximum of 12 CS for comb 4 and a maximum at least 8 CS for comb 2. 


In order to not to limit the number of cyclic shift that can be distinguished in a subband, the SRS sequence that included in a subband should be at least larger than 12 for comb 4 and 8 for comb 2. Therefore, the precoding granularity of users should be at least 4PRB for comb 4 and 2PRB for comb 2. Considering the frequency domain starting position of a SRS allocation is aligned on a common grid with 4 PRB granularity, we propose to restrict the precoding granularity of users to be a multiple of 4 PRB.
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).
3. Conclusions

In this contribution we discussed the remaining issues for non-codebook based UL transmission. We have following proposals:
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).
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