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Introduction
In RAN1#90bis, the following agreement on UL non-codebook-based transmission was made [1]:
	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
· Timing of UL precoder calculation based on the associated CSI-RS is up to UE implementation
· …
· For non-codebook based UL transmission, a total of up to 4 SRS ports can be indicated by SRI(s) using one DCI field
· …
· Confirm the following working assumption:
· For non-codebook based precoding, each SRS resource contains one port
· …
· 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



[bookmark: _Ref446598547]This contribution addresses further details related to the highlighted part of the agreement. 
· DCI design for non-codebook-based UL transmission
· Timing relationship between AP-CSI-RS and AP-SRS 

DCI design
1 
For non-codebook-based transmission, SRI serves the function of TPMI used in codebook-based transmission – although in a different manner. In codebook-based transmission, the gNB selects the precoder (used for UL transmission) from a predetermined codebook and indicates the selection via TPMI. In non-codebook-based transmission, the gNB selects the precoder from precoded SRS transmitted by the UE and indicates the selection via SRI. Here, SRI is an index/indicator to an SRS resource. The SRS resource is associated with N ports and a certain SRS bandwidth. Therefore, SRI is frequency selective or non-selective to the extent that the associated SRS resource is frequency selective (partial band) or non-selective (“wideband”).   
As agreed in RAN1#90bis, only wideband SRI is supported and each of the K>1 SRS resources comprises N=1 port. Here, the gNB selects the precoder for UL data transmission (UE-assisted, gNB-centric) where SRI implicitly performs the function of TPMI. How CSI-RS is utilized in this case remains unclear. If configured this way, the UE can infer the number of UL transmission layers simply from the number of SRS resources assigned to the UE. Here, the UL-related DCI should include M SRIs where M is associated with the maximum number of layers the UE is configured with. While M should be designated as a UE capability, the maximum possible M for Phase I NR is 4. Furthermore, following CSI-RS, the maximum value of K is 8. Therefore, it seems that an UL-related DCI must include M SRIs wherein each SRI is of 3 bits. However, a more efficient manner to signal the choice of L≤K selected SRS resources is simply to use a length-K bitmap. That is, if the maximum value of K is 8, an 8-bit bitmap is sufficient. The number of layers is the number of non-zero values in the bitmap. 
At this point, it may be asked whether the agreed concept of SRS resource group can be used to reduce the DCI payload for this feature. Since SRS resource group is primarily used to arrange K SRS resources into multiple (N) subsets (which may or may not overlap) for the purpose of non-coherent transmission (where each of the N groups represents a port-group where coherent transmission can take place), N SRIs will be needed for this purpose. This results in N×log2(Kn) bits of DCI field. However, it seems better to support this feature with the same length-K bitmap since the use of N SRIs offers no tangible benefit. 

Proposal: 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)

AP-CSI-RS and AP-SRS
2 
For non-codebook-based transmission, it was agreed that the DL measurement RS (CSI-RS) indication is signaled via the same DCI (UL-related or DL-related) which includes AP-SRS trigger. Moreover, the CSI-RS can be transmitted in the same DL slot as that containing the AP-SRS-triggering DCI. Here at least the following three issues need to be finalized for a complete specification support:
· Issue 1. Slot offset X between AP-CSI-RS and the triggered AP-SRS
· Issue 2. CSI-RS resource configuration for supporting non-codebook-based UL transmission
· Issue 3. AP-CSI-RS indication in the DCI 
Issue 1 can be treated similarly to the solution used for the timing of A-CSI triggering in relation to the reported A-CSI. That is, a set of X values (which may or may not include zero for, e.g. self-contained slot) can be configured via RRC signaling and the value of X is signaled via the AP-SRS-triggering DCI. 
For issue 2, first, consider AP-CSI-RS. Here, the main issue is the trade-off between flexibility and signaling/configuration complexity for UL non-codebook-based transmission. For DL transmission, a UE can be configured with multiple CSI-RS resource sets (where each set can be composed of one or multiple CSI-RS resources). Here, some flexibility in selecting CSI-RS resource can be beneficial for beam management and CSI acquisition with beamformed CSI-RS. This flexibility, however, isn’t necessary for UL non-codebook-based transmission despite the possibility of configuring a UE with multiple SRS resources (or resource groups). A single CSI-RS resource should be sufficient to aid the UE in calculating the precoder for SRS since this AP-CSI-RS is more likely “non-precoded”. Even if the AP-CSI-RS needs to be precoded, the fact that it is aperiodic does not allow the UE to assume the same precoder applied for all the instances of this configured AP-CSI-RS. Therefore, one CSI-RS resource configured for the purpose of UL non-codebook-based transmission should be sufficient. Whether this resource can also be used/pooled for DL CSI acquisition is left to gNB/NW implementation. Furthermore, there is no need for configuring any association between states/code points of AP-SRS triggering with CSI-RS resource assignment since only one RRC parameter indicating the AP-CSI-RS resource index associated with the AP-SRS configuration is needed. 
The same concept can be applied for P/SP-CSI-RS. That is, only one RRC parameter indicating the P/SP-CSI-RS resource index associated with the P-/SP-/AP-SRS configuration is needed. Likewise, by default the UE should not assume the same precoder applied for all the instances of this configured CSI-RS (i.e. QCL across slots is not a default configuration).  
Since only one CSI-RS resource is configured for this purpose (issue 2), there is no need for an additional indication for the selected CSI-RS resource. For AP-SRS, the AP-SRS trigger implicitly indicates the presence of CSI-RS in the same DL slot if a UE is configured with one CSI-RS resource for the purpose of UL codebook-based transmission.

Proposal: 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

3 Conclusions
In this contribution, Samsung’s view on UL non-codebook-based transmission for NR is presented. the following proposal is made
· 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
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