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[bookmark: _Ref465963108]Introduction
In this contribution, we raise the issue of confusing UE behavior when codebook based UL transmission is configured and propose solutions to resolve these confusing issues.  We also discuss remaining open issues on codebook based UL transmission.  This contribution is a revision of [1].
[bookmark: _Ref466044815][bookmark: _Ref465963144][bookmark: _Ref463027406][bookmark: _Ref378529477][bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Number of SRS resources per set
[bookmark: _Ref506130788]Discussion
According to current specification, the maximum number of configured SRS resources for codebook based transmission is 2.  Two SRS resource per set can be useful if the UE has two panels.  Each SRS resource can be transmitted from one out of the two panels, and the gNB can select the one of the two panel via SRI for PUSCH transmission.  However, the number of panels at the UE and the mapping between the SRS resource and the UE antenna panel is transparent to gNB.  A gNB may configure a UE with a SRS resource set consisting two SRS resources for codebook based transmission, while the UE may only have a single panel.  In this case, the UE may transmit both SRS resources from the same panel.  The UL performance won’t be improved by selecting SRS resources transmitted from the same panel.  Actually, the performance degrades due to the increased overhead for transmitting the additional SRS resource.
To address this issue, a UE can report the supported number of SRS resources for codebook based transmission, based on its antenna configuration.
[bookmark: _Toc506126180][bookmark: _Toc506131327][bookmark: _Toc506540977][bookmark: _Toc510445411][bookmark: _Toc510772003][bookmark: _Toc510857573][bookmark: _Toc513455733][bookmark: _Toc513462612][bookmark: _Toc513848789][bookmark: _Toc513881349]Proposal 1:	The number of SRS resources for codebook based transmission is a UE capability.
Guard period between SRSs in the same set
[bookmark: _Ref510444829]Discussion
In [2], 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]Proposal 2:	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. 
[bookmark: _Toc513848791][bookmark: _Toc513881351]Proposal 3:	GP is needed before and after the SRS resource.
[bookmark: _Ref510445525]Text proposal
To address the issue discussed in Section 3.1, 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]…
When multiple SRS resources are configured, the UE shall expect that higher layer parameter NrofSRS-Ports shall be configured with the same value in all SRS resources, and the higher layer parameter SRS-ResourceConfigType shall be configured with the same value in all 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


--- End of text proposal ---
UE behaviour when SP-SRS is configured
For codebook based UL, only one SRS resource set is configured.  If the time-domain behaviour of the SRS resource set is ‘semi-persistent’, according to the definition of SP-SRS, the UE would not transmit the SRS until the SRS resource set is activated.  There was some discussion in RAN1#92bis on how to derive the spatial domain filter for PUSCH when the SP-SRS is not activated.  Some alternatives are as follows:
· Alt 1: UE shall expect the gNB should activate the SP-SRS and use the same spatial domain filter for PUSCH as the spatial relation information indicated in activated MAC CE for SP-SRS.
· Alt 2: UE shall expect the gNB should activate the SP-SRS and no further issues exist 
i.e., UE behaviors according to the current specification such that PUSCH beam is based on the SRI field in UL grant (when 2 SRS resources are configured) or based on the single SRS resource (when 1 SRS resource is configured)
· Alt 3: It is up to gNB whether to activate the SP-SRS or not. 
FFS: how to determine the spatial domain filter for PUSCH for this case.
· Alt 4: If and when gNB activates SP-SRS is gNB implementation
With Alt-1 or Alt-2, a UE doesn’t expect receiving an UL grant when the SP-SRS is not activated.  Due to the slot offset of the SP-SRS, however, the gNB may still send the UL grant earlier than UE sending the SP-SRS.  So, either of Alt-1 or Alt-2 can address the issue.  The problem in fact can be addressed by gNB implementation.  For example, the gNB can transmit the UL grant after UE send an SRS.
[bookmark: _Toc513455735][bookmark: _Toc513462614][bookmark: _Toc513848792][bookmark: _Toc513881352]Proposal 4:	If the SRS resource(s) for codebook based UL is configured with resourceType of ‘semi-persistent’, if and when gNB activates the SRS resource set is up to gNB implementation.
Conclusion
In this contribution, we discuss open issues in codebook based UL transmission.  We have made the following proposals.
Proposal 1:	The number of SRS resources for codebook based transmission is a UE capability.
Proposal 2:	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 3:	GP is needed before and after the SRS resource.
Proposal 4:	If the SRS resource(s) for codebook based UL is configured with resourceType of ‘semi-persistent’, if and when gNB activates the SRS resource set is up to gNB implementation.
[bookmark: _GoBack]We propose adopting the text proposals in Section 3.2.
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