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1. Introduction
In RAN1 NR #90b meeting, the following agreements have been achieved.
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

There is another agreement from the email discussion as follows:
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 will provide some discussions on the remaining issues for non-codebook based transmission scheme including some control signalling and timing issues.
2. Discussion
2.1 Timing between SRS and SRI 
Based on the SRI, the UE can use the precoder transmitted in a particular SRS resource. The SRS resource may be transmitted periodically or aperiodically. Then when indicating the SRI, how to identify the corresponding SRS resource should be defined. Otherwise, since the UE may apply different precoders for the SRS resource in different timing instance, there could be some mismatch for the indication of SRI as shown in Figure 1.


Figure 1: Potential issue for SRI indication
Therefore the timing offset between SRS resource and SRI should be defined, to avoid some precoder and MCS mismatch between gNB and UE.
Proposal 1: The timing offset between SRS resource and SRI should be defined.
2.2 Control Signaling for Subband Precoding 
For frequency selective precoding, the UE may be able to use different precoders to different PRGs. Then there can be two options to support the subband precoding:
· Option 1: indicate the SRI(s) for each subband
· Option 2: subband precoders are applied to one SRS resource
It has been agreed that option 1 is not supported in Rel-15, which would result in large overhead of the control signaling especially when the number of subband is large. Hence it is better to allow the UE to apply the subband precoders directly in one SRS resource. So for each SRS resource, the gNB can indicate the PRG size. To support dynamic wideband and subband precoding switching, the gNB can configure different PRG size in different SRS resources. Then the wideband and subband precoding switching can rely on the indication of SRI(s). Figure 2 illustrates one possible configuration for SRS resources. Then in the DCI, only one SRI(s) should be indicated.


Figure 2: one possible configuration of SRS resources
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.
2.3 Control signaling for multi-beam and multi-panel support
With regard to multi-panel and multi-beam, there can be the following criteria:
· SRS resources from different antenna ports can be transmitted simultaneously
· SRS resources from different beams and the same antenna port cannot be transmitted simultaneously
In alternative 1, one resource set should be used for one antenna port. In one SRS resource set, different beams can be applied to different SRS resources. In alternative 2, the SRS resources in a resource set should come from different antenna ports. In alternative 3, different SRS resource sets can be used for different panels, and different resources can be used for different beams or different antenna ports.
If the UE has multiple antenna panels, there can be the following types of UEs:
· Type 1 UE: all antenna panels can be simultaneously used
· Type 2 UE: one or a sub-set of antenna panels can be simultaneously used
Given there are N panels, P antenna ports per panel and Bj beams in panel j. In Alternative 1, there are NP resource sets, and in resource set k, there are  SRS resources. In Alternative 2, if some resource sets can be transmitted simultaneously (which is denoted as Alt2a), there can be P resources per set and  resource sets; if all the resource sets cannot be transmitted simultaneously (which is denoted as Alt2b), there can be NP resources per set and  resource sets. In Alternative 3, there can be N resource sets, and in resource set k, there can be PBk resources. 
Table 1 illustrates the possible configuration for different alternatives if they are used for both beam management and non-codebook based transmission. For Alt2b, more SRS resources are required, which would increase the overhead of SRI indication. For the rest alternatives, the number of SRS resources should be the same. Hence first, the Alt2b should not be considered. With regard to overhead of higher layer signaling, the Alt3 is slightly preferred since the number of SRS resource sets is small. However to simplify the signaling and reduce the overhead, to apply the same multiple SRS resource sets to both beam management and non-codebook based transmission are not preferred. Thus, independent SRS resource sets should be used for codebook based transmission, non-codebook based transmission and beam management.
Table 1: Possible configuration for different alternatives for both beam management and non-codebook based precoding
	Alternatives
	Number of SRS resource sets
	Number of SRS resources in SRS resource k

	Alt 1
	NP
	

	Alt 2a 
(some resource sets can be transmitted simultaneously)
	
	P

	Alt2b
(resource sets cannot be transmitted simultaneously)
	 
	NP

	Alt 3
	N
	PBk where the number of sub-sets is Bk and number of SRS resources in a sub-set is P 



If the alternatives above are used for beam management only, the configuration could be as Table 2. It can be observed that Alt1 and Alt3 are the same. For Alt2a and Alt2b, more SRS resource sets are required, which would require more overhead in higher layer signaling. The Alt1 or Alt3 should be preferred.
Table 2: Possible configuration for different alternatives for beam management only
	Alternatives
	Number of SRS resource sets
	Number of SRS resources in SRS resource k

	Alt 1
	N
	Bk

	Alt 2a 
(some resource sets can be transmitted simultaneously)
	
	1

	Alt2b
(resource sets cannot be transmitted simultaneously)
	
	N

	Alt 3
	N
	Bk



If the alternatives above are used for non-codebook based transmission only, the configuration could be as Table 4. It can be observed that Alt2 and Alt3 are the same. For Alt1, more SRS resource sets are required, which would require more overhead in higher layer signaling. For Alt2b, the SRS resource set cannot be triggered for type 2 UE, which cannot support to enable all the panels simultaneously. Hence in this case, Alt2a or Alt3 are preferred. With regard to Type 1 and Type 2 UE, it should be supported that the UE should report its capability on the number of SRS resource sets that can be transmitted simultaneously.
Table 4: Possible configuration for different alternatives for non-codebook based transmission only
	Alternatives
	Number of SRS resource sets
	Number of SRS resources in SRS resource k

	Alt 1
	NP
	1

	Alt 2a 
(some resource sets can be transmitted simultaneously)
	N
	P

	Alt2b
(resource sets cannot be transmitted simultaneously)
	1
	NP

	Alt 3
	N
	P 



Further, to simplify the power control for SRS, the power control parameters could be configured per SRS resource set, then it is better that the SRS resources from different panels can be allocated in different resource sets. Hence no matter whether the SRS resource set is used for non-codebook based transmission or beam management, the SRS resources from different panels should be allocated in different resource sets.
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.
[bookmark: _GoBack]Proposal 6: It should be supported that the UE should report its capability of the number of SRS resource sets to be simultaneously transmitted.
3. Conclusions
In this contribution we have provided our views on non-codebook based UL transmission for NR. From the discussion, we have achieved the following proposals.
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.
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