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1. Introductions
In this paper, the remaining issues regarding multi-antenna schemes are discussed. 
2. Codebook based UL transmission

In previous meetings, when 2 SRS resources are configured in a set for a UE with usage set to Codebook, whether to mandate certain gap between different SRS resources are discussed. There are two main motivations for introducing gap between different SRS resources, to support antenna selection in conjunction with UL codebook based transmission and to enable analog beam selection for the UEs capable of analog beam forming. For the case of multiple SRS resources configured in a set, following alternatives were discussed:
· Alt1: Specify gap for SRS resources for codebook based transmission, and the gap is based on the gap for antenna switching
· Alt2: Specify gap for SRS resources for codebook based transmission, and the gap is based on UE capability
· Alt3: Do not specify gap for SRS resources for codebook based transmission and whether to switch UE antenna port(s) or not for different SRS resources is up to UE implementation
The major intention to support gap is for the network to select antennas in codebook based UL transmission. This could be viewed as a way of close loop antenna selection.  Whether to support gap is in fact whether to support close loop antenna selection.
Open loop UE antenna selection is one of the most popular features for UE vendors. At least open loop UE antenna selection could be supported for Rel-15 UE. It should be up to UE implementation to decide the association between SRS resource and transmission antenna. Configuratoin of gap between different resources is also up to network implemenation. When configured, UE could switch antennas between different resources.
Proposal 1: Whether to configure the GAP between different SRS resources is up to network configuration.
Furthermore, we would like to further emphasize the case that even for the same SRS resource, UE may not transmit with the same antenna for different transmission occasions. Based on its own measurement, UE could gain the knowledge of blockage and decide the used antenna for a specific transmission of a SRS resource. The gNB may not assume the SRS are transmitted from the same antennas and should be careful when reusing some estimated parameters from previous SRS transmission.
Proposal 2: It is up to UE implementation to associate the same or different antennas to different transmission occasions of a SRS resource.
3. Non-codebook based UL transmission

Previously, there was discussion on whether gNB can configure more than X SRS resources for one UE, where X is the number SRS resources the UE can simultaneously transmit. Meanwhile the maximum number SRS resources for non-codebook based UL transmission is 4. There are three following alternatives.
	X (number of simultaneously transmit SRS resources)
	Alt 1: Maximum number of configurable SRS resources
	Alt 2: Maximum number of configurable SRS resources
	Alt 3 Maximum number of configurable SRS resources

	1
	1
	4
	4

	2
	2
	4
	2

	4
	4
	4
	4


For non-codebook based transmission, number of SRIs is used to indicate UL transmission rank. 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”. 

If Alt. 2 is supported, further discussion and subsequent agreement are required on which 2 of the 4 resources configured could be used for simultaneous transmission when X=2. While Alt. 1 is simple yet effective. 

The following text proposal needs to be explicitly captured in the spec to make UE behavior clear.

Proposal 3: All the resources within the set configured for non-codebook based transmission could be simultaneously transmitted;

Proposal 4: Text proposals for 38.214 Section 6.1.1.2

	< Unchanged parts are omitted >
For non-codebook based transmission, the UE can determine its PUSCH precoder and transmission rank based on the wideband SRI when multiple SRS resources are configured, where the SRI is given by the SRS resource indicator in DCI according to subclause 7.3.1.1.2 of [5, 38.212], or the SRI is given by srs-ResourceIndicator according to subclause 6.1.2.3. The UE shall use one or multiple SRS resources for SRS transmission, where the number of SRS resources which can be configured to the UE for simultaneously transmission in the same RBs is a UE capability. Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook'. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4. All the resources within the set for non-codebook based transmission could be simultaneously transmitted. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI before slot n.
< Unchanged parts are omitted >


4. Text proposals for PRB bundling
The following text proposal discusses two issues:
· Current spec states that UE may assume the same precoding is applied for any downlink contiguous allocation of PRBs in a PRG. But there is no agreement that the same precoding assumption is only applicable to contiguous PRBs within a PRG. It is our understanding that even without such contiguous PRB, UE could still assume the same precoding in a PRG.
· If 
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 is determined as "wideband", the UE is not expected to be scheduled with non-contiguous PRBs, rather than non-contiguous resource allocation. This is to preclude the possibility that in VRB domain, the resource allocation is contiguous but after VRB to PRB mapping, the resource allocation becomes non-contiguous. 
· Furthermore, we would like to clarify that ‘wideband’ PRG is still allowed when Type0 resource allocation is configured, even though for interleaved VRB to PRB mapping may result in non-contiguous PRB allocation when RA does not occupy the whole BWP. As long as contiguous PRB resource allocation is possible, there should be no further restriction. 
Proposal 5: Text proposal for 38.214 Section 5.1.2.3
	< Unchanged parts are omitted >
If 
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 is determined as "wideband", the UE is not expected to be scheduled with non-contiguous resource allocation PRBs and the UE may assume that the same precoding is applied to the allocated resource.

If 
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 is determined as one of the values among {2, 4}, Precoding Resource Block Group (PRGs) partitions the bandwidth part i with [image: image4.wmf]i
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 consecutive PRBs. Actual number of consecutive PRBs in each PRG could be one or more. 

The first PRG size is given by 
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The UE may assume the same precoding is applied for any downlink contiguous allocation of PRBs in a PRG.

< Unchanged parts are omitted >


5. Conclusion

In this contribution, we have the following proposals for multi-antenna transmission schemes.
Proposal 1: Whether to configure the GAP between different SRS resources is up to network configuration.
Proposal 2: It is up to UE implementation to associate the same or different antennas to different transmission occasions of a SRS resource.
Proposal 3: All the resources within the set configured for non-codebook based transmission could be simultaneously transmitted;

Proposal 4: Text proposals for 38214 Section 6.1.1.2

	< Unchanged parts are omitted >
For non-codebook based transmission, the UE can determine its PUSCH precoder and transmission rank based on the wideband SRI when multiple SRS resources are configured, where the SRI is given by the SRS resource indicator in DCI according to subclause 7.3.1.1.2 of [5, 38.212], or the SRI is given by srs-ResourceIndicator according to subclause 6.1.2.3. The UE shall use one or multiple SRS resources for SRS transmission, where the number of SRS resources which can be configured to the UE for simultaneously transmission in the same RBs is a UE capability. Only one SRS port for each SRS resource is configured. Only one SRS resource set can be configured with higher layer parameter usage in SRS-ResourceSet set to 'nonCodebook'. The maximum number of SRS resources that can be configured for non-codebook based uplink transmission is 4. All the resources within the set for non-codebook based transmission could be simultaneously transmitted. The indicated SRI in slot n is associated with the most recent transmission of SRS resource identified by the SRI, where the SRS resource is prior to the PDCCH carrying the SRI before slot n.
< Unchanged parts are omitted >


Proposal 5: Text proposal for 38.214 Section 5.1.2.3
	< Unchanged parts are omitted >
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 is determined as "wideband", the UE is not expected to be scheduled with non-contiguous resource allocation PRBs and the UE may assume that the same precoding is applied to the allocated resource.
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 is determined as one of the values among {2, 4}, Precoding Resource Block Group (PRGs) partitions the bandwidth part i with [image: image12.wmf]i
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 consecutive PRBs. Actual number of consecutive PRBs in each PRG could be one or more. 

The first PRG size is given by 
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The UE may assume the same precoding is applied for any downlink contiguous allocation of PRBs in a PRG.

< Unchanged parts are omitted >
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