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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]Default UL transmission scheme
[bookmark: _Ref506130814]Discussion
According to Section 6.1.1 in [2], two transmission schemes are supported for PUSCH: codebook based transmission and non-codebook based transmission.  The UE is configured with codebook based transmission when the higher layer parameter ulTxConfig is set to 'Codebook', the UE is configured non-codebook based transmission when the higher layer parameter ulTxConfig is set to 'NonCodebook'.  However, the transmission scheme before RRC configuration is not defined yet.  A single DMRS port based UL transmission triggered by DCI format 0_0 shall be the default transmission scheme.  For UEs with multiple TX chains, the mapping between the single DMRS port and the UE antennas can be up to UE implementation.  
[bookmark: _Toc506131326][bookmark: _Toc506540976]Proposal 1:	When the UL transmission scheme is not configured, the PUSCH transmission is scheduled by DCI format 0_0. 
[bookmark: _Ref506131357]Text proposal
To address the issue discussed in Section 2.1, we have the following text proposal for Section 6.1.1 in 38.214.
--- Start of text proposal to Section 6.1.1 in TS 38.214 ---
[bookmark: _Hlk506129225]Two transmission schemes are supported for PUSCH: codebook based transmission and non-codebook based transmission. The UE is configured with codebook based transmission when the higher layer parameter ulTxConfig is set to 'Codebook', the UE is configured non-codebook based transmission when the higher layer parameter ulTxConfig is set to 'NonCodebook'.
When the UE is not configured with codebook based transmission or non-codebook based transmission, the UE is not expected that the PUSCH transmission is scheduled by DCI format 0_1.
--- End of text proposal ---
UL transmission without SRS configuration
[bookmark: _Ref506130788]Discussion
In [2], Section 6.1.1.1, for codebook based transmission, the UE determines its PUSCH transmission precoder based on SRI, TRI and TPMI fields from the DCI, where the TPMI is used to indicate the preferred precoder over the SRS ports in the selected SRS resource by the SRI when multiple SRS resources are configured.  If a UE is capable of coherent or partial-coherent UL transmission, the gNB needs to measure the phase difference between SRS ports, so that it can decide a proper TPMI for the UE to coherently or partially coherently combine the antenna ports to transmit one or more data layers.  However, if a UE reports its UE capability of ‘nonCoherent’ transmission, it shall not be configured with UL codebook subset for coherent or partial-coherent transmission.  In this case, the UE may not need to transmit any SRS for codebook based UL transmission.  Since, it would be up to UE implementation to map data layer(s) to UE antenna(s).  The gNB may select the proper antenna port(s) based on the measurement on the DMRS ports or some other signals in UL.
[bookmark: _Toc506126180][bookmark: _Toc506131327][bookmark: _Toc506540977]Proposal 1:	For codebook based transmission, a UE may be configured without any SRS resource set if the UE reports its UE capability of ‘nonCoherent’ transmission. 
[bookmark: _Ref506131359]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 ---
For codebook based transmission, the UE determines its codebook subsets based on TPMI and upon the reception of higher layer parameter ULCodebookSubset which may be configured with ‘fullAndPartialAndNonCoherent’, or ‘partialAndNonCoherent’ ', or 'Non-nonCoherent' depending on the UE capability. The maximum transmission rank may be configured by the higher parameter ULmaxRank.
…
For codebook based transmission, the UE may be configured with a single SRS resource set and only one SRS resource can be indicated based on the SRI from within the SRS resource set if the UE reports its UE capability of ‘partialAndNonCoherent’ or ‘fullAndPartialAndNonCoherent’ transmission. The maximum number of configured SRS resources for codebook based transmission is 2. 
For codebook based transmission, the UE may be configured without any SRS resource set if the UE reports its UE capability of ‘nonCoherent’ transmission.
--- End of text proposal ---
SRS reference resource for SRI
[bookmark: _Ref506130799]Discussion 
According to Section 6.1.1.1 in [2], a UE may receive the SRI which shall be associated with the most recent SRS transmission.  There could be different interpretation for “the most recent SRS transmission.”  The most recent SRS can be defined either w.r.t. the PDCCH carrying the UL grant as shown in Figure 1, or w.r.t. the PUSCH scheduled by the UL grant as shown in Figure 2.  The SRI indicates that the precoder indicated by the TPMI is expected to be applied to which SRS ports for the scheduled PUSCH transmission.  Clearly, the SRI is selected based on the SRS transmitted early than the UL grant.  
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[bookmark: _Ref503283537]Figure 1.  SRI is associated with the most recent SRS w.r.t. PDCCH carrying UL grant.
	[image: ]
[bookmark: _Ref503283530]Figure 2.  SRI is associated w.r.t. the scheduled PUSCH transmission.


But the timing relationship between the UL grant and the SRS it referring to is not well defined.  The following alternatives were proposed in RAN1#AH1801:
· Alt 1: the SRI in slot n is associated with the most recent SRS transmission before slot n;
· Alt 2: the SRI in slot n is associated with the most recent SRS transmission before slot n – k;
· Alt 3: the SRI in slot n is associated with the most recent SRS transmission with highest priority within a time window [n – k, n).
With Alt-1, if the SRS is transmitted at the end of slot n – 1, the gNB may not have sufficient time to derive the SRI/TPMI/TRI.  With Alt-2, this issue can be avoided by define some proper value(s) of k which may depend on gNB implementation.  Alt-3 addresses the priority among P-/SP-SRS and A-SRS.  Usually, A-SRS should be given higher priority than P-/SP-SRS.  For example, a UE may be configured with a P-SRS which was transmitted in slot n – 2, n – 7, …, and an A-SRS was triggered and transmitted in slot n – 3.  Then the SRI in slot n shall be associated with the A-SRS transmission in slot n – 3 rather than the P-SRS transmission in slot n – 2, even though n – 2 is the most recent SRS transmission.  Based on the above discussion, we propose:
[bookmark: _Toc506131328][bookmark: _Toc506540978]Proposal 2:	For codebook based transmission, the SRI in slot n is associated with the most recent SRS transmission with highest priority before slot n – k, where k > 0. 
[bookmark: _Ref506131360]Text proposal
To address the issue discussed in Section 4.1, 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: _Hlk506126694]For codebook based transmission, the UE may be configured with a single SRS resource set and only one SRS resource can be indicated based on the SRI from within the SRS resource set. The maximum number of configured SRS resources for codebook based transmission is 2.  The SRI transmitted in slot n is associated with the most recent SRS transmission with highest priority no later than slot n – k, k > 0. 
--- 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:	When the UL transmission scheme is not configured, the PUSCH transmission is scheduled by DCI format 0_0.
Proposal 1:	For codebook based transmission, a UE may be configured without any SRS resource set if the UE reports its UE capability of ‘nonCoherent’ transmission.
Proposal 2:	For codebook based transmission, the SRI in slot n is associated with the most recent SRS transmission with highest priority before slot n – k, where k > 0.
We propose adopting the text proposals in Sections 2.2, 3.2, and 4.2.
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