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[bookmark: _Ref465963108]Introduction
In this contribution, we discuss remaining open issues on codeword mapping, codebook and non-codebook-based UL transmission, and PRB bundling for UL.
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In [1], the guard period (GP) between SRSs in the SRS resource set for codebook based UL transmission was discussed.  The case under consideration is that the SRSs are transmitted from different antennas/panels, so a GP is needed between the SRSs to allow sufficient time for the UE to switch the antennas/panels.  There are two alternatives to define the GP:
· Alt-1: UE reports its required GP for SRS for codebook based UL transmission.
· Alt-2: The GP for SRS for codebook based UL transmission should reuse the GP for SRS for antenna switching.
Since the time required for switching antennas is already counted in the minimum GP between two SRS resources of an SRS resource set for antenna switching, Alt-2 would be sufficient for SRS for codebook based UL transmission.
[bookmark: _Toc510445412][bookmark: _Toc510772004][bookmark: _Toc510857574][bookmark: _Toc513455734][bookmark: _Toc513462613][bookmark: _Toc513848790][bookmark: _Toc513881350][bookmark: _Toc520402943][bookmark: _Toc520402962][bookmark: _Toc520404012][bookmark: _Toc521594059][bookmark: _Toc521597015][bookmark: _Toc521655668]Proposal 1:	Reuse the minimum GP between SRS resources of the SRS resource set for antenna switching as the minimum GP between SRS resources of the SRS resource set for codebook based UL transmission, if the SRS resources are transmitted in the same slot.
The antenna/panel switching may happened before and after the SRS transmission.  The GP is needed whenever the antenna/panel switching happens. 
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To address the issue, we have the following text proposal for Section 6.1.1.1 in 38.214.
--- Start of text proposal to Section 6.1.1.1 in TS 38.214 ---
[bookmark: _Hlk505623688]>>>> unchanged text omitted <<<<
When multiple SRS resources are configured by SRS-ResourceSet with usage set to 'codeBook', the UE shall expect that higher layer parameters nrofSRS-Ports in SRS-ResourceSet in SRS-ResourceSet shall be configured with the same value for all these SRS resources.
When multiple SRS resources are configured, a guard period where UE does not transmit any other signal of Y symbols in-between the SRS resources is used in case the SRS resources are transmitted in the same slot.  The value of Y is defined by Table 6.1.1.1-1.
Table 6.1.1.1-1: The minimum guard period between two SRS resources of an SRS resource set for codebook based UL transmission
	

	

	Y [symbol]

	0
	15
	1

	1
	30
	1

	2
	60
	1

	3
	120
	2


[bookmark: _Ref521597045]>>>> unchanged text omitted <<<<
Non-codebook-based UL transmission
Supported number of CSI-RS ports for SRS precoding
The A-CSI-RS associated with the SRS for non-codebook-based UL may or may not be used for DL CSI acquisition.  According to Section 6.1.1.2 in TS38.214, for non-codebook-based transmission, the UE can measure NZP CSI-RS resource to calculate the precoder used for the transmission of precoded SRS.  Only one SRS resource set can be configured.  The maximum number of SRS resources that can be configured for non-codebook-based uplink transmission is 4.  
Given the maximum number of SRS resources for non-codebook-based UL transmission is 4 and each resource is mapped to a single SRS port, it is unnecessary to always have a CSI-RS resource with a large number of ports, especially if the CSI-RS resource is dedicated for SRS precoding derivation.  Based on this, we propose
[bookmark: _Toc506215054][bookmark: _Toc506215588][bookmark: _Toc506215609][bookmark: _Toc506541592][bookmark: _Toc510451089][bookmark: _Toc513462640][bookmark: _Toc513475768][bookmark: _Toc513848935][bookmark: _Toc513849489][bookmark: _Toc513849552][bookmark: _Toc513849628][bookmark: _Toc513882218][bookmark: _Toc513882432][bookmark: _Toc520404014][bookmark: _Toc521594061][bookmark: _Toc521597017][bookmark: _Toc521655670]Proposal 3:	The maximum number of ports in the CSI-RS resource associated with a SRS resource set for non-codebook-based UL transmission is a UE capability.
Capability of simultaneous SRS transmission
In RAN1#91, the following agreement was made:
For non-codebook based UL transmission, the UE can only be configured for one SRS resource set with the following details:
· The UE can be configured to simultaneously transmit up to X SRS resources
X is part of UE capability signalling
· The SRS resources transmitted simultaneously occupy the same RBs
An open issue related to this agreement is that when UE declares it can simultaneously transmit X SRS resources, whether the gNB can configure more than X SRS resources to the UE.  
There might be two use cases for supporting more than X SRS resources.  The first use case is SRI based PUSCH antenna selection.  The idea is to configure NSRS single-port SRS resources (NSRS ≥ X) to the UE and the UE maps each SRS resource to an antenna.  Then, the gNB can use SRI to select a subset of the antennas for PUSCH transmission.  This might be useful when the UE doesn’t support reciprocity based non-codebook UL.  However, there’s no UE capability to report how many antennas are available at the UE.  The gNB may configure a NSRS which is larger than the number of UE antennas.  The UE may associate more than one SRS resource to the same antenna, which unnecessarily increases the SRS overhead.
[bookmark: _GoBack]The second use case is to let UE transmit multiple SRS using different precoding candidates, for example, when X = 2, a UE may be configured with NSRS = 4.  However, the performance benefit over NSRS = 2 is unclear.  Not to mention that codebook-based UL transmission can provide more precoding candidates.
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The corresponding text proposal is as follows
--- Start of text proposal to Section 6.1.1.2 in TS 38.214 ---
>>>> unchanged text omitted <<<<
[bookmark: _Hlk494787623]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. The number of SRS resources for non-codebook based transmission shall not be larger than the number of SRS resources for simultaneously transmission. 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. 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 text omitted <<<<
--- End of text proposal ---
Conclusion
In this contribution, we discuss open issues in codebook based UL transmission.  We have made the following proposals.
Proposal 1:	Reuse the minimum GP between SRS resources of the SRS resource set for antenna switching as the minimum GP between SRS resources of the SRS resource set for codebook based UL transmission, if the SRS resources are transmitted in the same slot.
Proposal 2:	GP is needed before and after the SRS resource.
Proposal 3:	The maximum number of ports in the CSI-RS resource associated with a SRS resource set for non-codebook-based UL transmission is a UE capability.
Proposal 4:	When X is the maximum number of simultaneously transmitted SRS resources for a UE, the UE can be configured with up to X SRS resources for non-codebook-based UL.
We propose adopting the text proposals in Sections 2 and 3.
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