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Introduction
This contribution addresses a few remaining corrections needed for codebook based operation, including the need for a switching gap when SRI is used with codebook based transmission, as well as some general clarifications of codebook based UL MIMO.  Corrections for power control for codebook based operation in UEs with partial or non-coherent transmission capabilities that are discussed in a companion paper [1] are introduced.  
High level proposals as well as text proposals are provided to correct the identified problems.
Configuration of a Switching Gap for SRS in Codebook Based Operation
UEs that are capable of fully coherent transmission on all Tx chains can produce the greatest array gain, but require well controlled relative phase between all their Tx chains.  This implies that the transmit chains are phase/frequency locked, that power amplifiers are sufficiently linear, etc.  By contrast, UEs only capable of non-coherent transmission do not require well controlled relative phase, relaxing requirements on phase/frequency locking and PA linearity substantially.  Partially coherent arrays represent a middle ground, wherein subsets of arrays can maintain well controlled relative phase.  UEs might for example have dual polarized pairs of elements driven by Tx chains in close proximity, but another pair of elements in another part of the UE, such that the dual polarized elements can have well controlled relative phase, but the phase between the pairs does not.  Furthermore, if such arrays are used at higher frequencies, they may also use analog beamforming on each of the dual polarized elements.  

SRI was defined for codebook based operation primarily in order to allow flexibility in UE implementation, in particular these designs where subsets of the array use different analog beams or ‘panels’ but where precoding within the subsets is possible.  Since these array subsets can’t be transmitted on simultaneously, switching among them will take some amount of time.  

A similar problem exists for SRS antenna switching used for reciprocity based beamforming channel estimation.  In this case the UE is not capable of transmitting SRS on all antennas simultaneously, and must switch its Tx chain(s) among different antennas used for reception.  A switching gap was therefore defined for the purpose of SRS antenna switching in section 6.2.1.2 of 38.214, in order to facilitate such UE implementations.  However, we note that SRS antenna switching is used for reciprocity based beamforming channel estimation at gNB, and support this feature is not the same as non-codebook based operation, since UE implementation requirements can be quite different for these two features.  Therefore, the question is whether UEs requiring a switching gap for SRS transmission in codebook based operation should receive specific specification support. 

Since the main benefit of SRI is to allow UEs to provide better performance without requiring simultaneous transmission among all elements of its array(s), it is clear that switching among array subsets should be supported for codebook based operation.  

If the need for a switching gap for a UE is not known, the most direct solution would be to configure a gap between SRS resources.  If the gNB does not know the UE’s implementation, it will have to assume the likely worst case implementation it expects of UEs.  This assumption would be a guess.  The gNB could for example assume the same switching times as for antenna switching, but this is not guaranteed, and again SRS antenna switching may not be supported by the UE.  This is also contrary to what was decided for antenna switching, which specified a gap for switching.  

Given that a specified gap seems needed, the logical starting point would be the gaps already defined for antenna switching in Table 6.2.1.2-1 of 38.214.

At most 2 SRS resources are defined for codebook based operation.  Therefore the direct approach of ensuring a minimum gap between adjacent SRS resources is not too constraining a solution.  This principle was proposed in [2], and the technical approach there seems sound to us.  Specification details such as whether the solution should be captured in 38.214 in the PUSCH transmission scheme description or SRS transmission sections should be further discussed.

Observations:
· It seems needed to define a minimum gap between SRS resources used in codebook based transmission
· If needed by the UE, the required gap would be unknown unless specified.
· The gaps already defined for antenna switching in Table 6.2.1.2-1 of 38.214 are a logical starting point.
· Always ensuring a fixed minimum gap between SRS resources in codebook based transmission is simple and not overly constraining
Proposal 1:
· Specify minimum gaps to be used between SRS resources used in codebook based transmission
· Use the gaps defined for antenna switching in Table 6.2.1.2-1 of 38.214.
· Use the approach proposed in [2], further discussing in which section of 38.214 to specify
Miscellaneous Clarifications of Codebook Based Operation
There are a few remaining miscellaneous issues needing clarification for codebook based operation.  These are discussed below.

Firstly, the current text in 38.214 does not actually say how to calculate the number of antenna ports for codebook based transmission, even though 38.211 section 6.3.1.5 says it does:


The set of antenna ports  shall be determined according to the procedure in [6, TS 38.214].


This mapping should take into account that the number of antenna ports on which PUSCH is transmitted (), is equal to the higher layer parameter nrofSRS-Ports  in SRS-Config, and can be straightforwardly expressed as:




The set of antenna ports  to which PUSCH is mapped in subclause 6.3.1.5 of [4, TS 38.211] are antenna ports for codebook based precoding, whereis equal to the higher layer parameter nrofSRS-Ports  in SRS-Config.

Another issue is that prior text in 38.214 section 6.1.1.1 was not quite correct with how TPMI is determined and applied to antenna ports.  This was corrected in email review of 38.214 after RAN1#92bis with:

6.1.1.1	Codebook based UL transmission
For codebook based transmission, the UE determines its PUSCH transmission precoder based on SRI, TRPMI and the transmission rank TPMI fields from the DCI, given by DCI fields of SRS resource indicator and Precoding information and number of layers in subclause 7.3.1.1.2 of [TS 38.212], where the TPMI is used to indicate the preferred precoder to be applied over the SRS antenna ports {0…ν-1} in and that corresponds to the selected SRS resource selected by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the preferred precoder to be applied over the SRS antenna ports {0…ν-1} that correspond to the SRS resource. 
The focus of the discussion for this text was on clarifying how TPMI is applied with SRI in the multiple SRS resource case, and the part of the change made was ‘and that corresponds to the selected SRS resource selected by the SRI’ highlighted above.  Then according to the email discussion ‘that corresponds to the SRS resource’ was also to be added to the single SRS resource case, but was instead ‘that correspond to the SRS resource’, so the update has a small bug.  We also think the text could be a bit more clear, and propose that the final text be ‘over the antenna ports {0…ν-1} and that corresponds to the SRS resource’, as shown in the text proposal below.

An small editorial update was also missed in the discussion, where the acronym ‘AP-SRS’ was not defined.  This was to be corrected as ‘aperiodic SRS’.

A third issue is that the restriction that a UE can’t be configured for 2 port codebook based operation with partial coherent operation should be clarified so that the two antenna ports are within one SRS resource, not two ports within separate single antenna port resources.

Lastly, it is also not clear that the restrictions on NrofSRS-Ports and resourceType in SRS-ResourceSet apply only to the SRS resources used for codebook based transmission when additional SRS resource sets are configured, e.g. for beam management and SRS switching. 

Observations:
· 38.211 says that 38.214 identifies antenna ports for codebook based transmission, but 38.214 doesn’t yet do so.
· Agreements taken during the during post-RAN1#92bis spec review of 38.214 missed a couple of small details needed for completion
· The restriction on configuring partial coherent codebook based operation with 2 antenna ports is ambiguous with respect to the number of SRS resources.
· It is not clear that the restrictions on NrofSRS-Ports and resourceType in SRS-ResourceSet apply only to the SRS resources used for codebook based transmission

Proposal 2:
· 
Add how the antenna ports are determined for codebook based operation in 38.214
· Introduce ‘clean ups’ not completed during post-RAN1#92bis spec review of 38.214
· Fix: ‘and that corresponds to the SRS resource’ to align precoder determination text for single SRS resource case with multi-resource case
· Define ‘AP-SRS’ as ‘aperiodic SRS’
· Clarify the restriction on configuring partial coherent codebook based operation such that 2 antenna ports are within one SRS resource
· Clarify that the restrictions on nrofSRS-Ports and resourceType in SRS-ResourceSet apply only to the SRS resources used for codebook based transmission

[bookmark: _Toc501048206]For 38.214 section 6.1.1:
>>>>>>>>>>>> Start text proposal 1 >>>>>>>>>>>>
[bookmark: _Toc510988218]6.1.1.1	Codebook based UL transmission
[bookmark: _Hlk494787931]For codebook based transmission, the UE determines its PUSCH transmission precoder based on SRI, TPMI and the transmission rank from the DCI, given by DCI fields of SRS resource indicator and Precoding information and number of layers in subclause 7.3.1.1.2 of [TS 38.212], where the TPMI is used to indicate the precoder to be applied over the antenna ports {0…ν-1} and that corresponds to the SRS resource selected by the SRI when multiple SRS resources are configured, or if a single SRS resource is configured TPMI is used to indicate the precoder to be applied over the antenna ports {0…ν-1} and that corresponds to the SRS resource. The transmission precoder is selected from the uplink codebook that has a number of antenna ports equal to higher layer parameter nrofSRS-Ports in SRS-Config, as defined in Subclause 6.3.1.5 of [4, TS 38.211]. When the UE is configured with the higher layer parameter txConfig set to 'codebook', the UE is configured with at least one SRS resource. 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.



The set of antenna ports  to which PUSCH is mapped in subclause 6.3.1.5 of [4, TS 38.211] are antenna ports for codebook based precoding, whereis equal to the higher layer parameter nrofSRS-Ports  in SRS-Config.
---------------------------------------------Unchanged Text Omitted------------------------------------------------
A UE shall not expect to be configured with the higher layer parameter codebookSubset set to 'partialAndNonCoherent' when higher layer parameter nrofSRS-Ports in SRS-Config indicates two SRS antenna ports are configured per SRS resource used for codebook based transmission.
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. If aperiodic AP-SRS is configured for a UE, the SRS request field in DCI triggers the transmission of aperiodic AP-SRS resources.
When multiple SRS resources are configured, the UE shall expect that higher layer parameter nrofSRS-Ports  in SRS-Config shall be configured with the same value in all SRS resources used for codebook based transmission, and the higher layer parameter resourceType in SRS-ResourceSet shall be configured with the same value in all SRS resources used for codebook based transmission.
>>>>>>>>>>>> End text proposal 1 >>>>>>>>>>>>

Scaling of PUSCH transmission power for UL-MIMO
For PUSCH power control the following is specified in TS 38.213 section 7.1





For PUSCH, a UE first scales a linear value  of the transmit power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted. 


The above formulation appears to primarily consider fully coherent codebook based operation, not addressing non-codebook based operation or taking into account UE coherence capability. Given the above text, while codebook based operation with full coherence capability behaves as expected, codebook transmission with partial or non-coherent capabilities cannot achieve the full transmission power for rank 1, degrading cell edge performance.  There are similar problems for non-codebook based operation.

In companion contribution [1], we provide a more detailed background and show example approaches to modify the specification to remedy problems found for codebook as well as non-codebook based transmission. The related proposal from [1] for codebook based operation is repeated here for convenience:

Proposal (for agenda item 7.1.6)
· 
UL power control for PUSCH should be modified such that UEs configured to ‘partial coherence’ and ‘non coherence’ using codebook based transmission can transmit with a total power  independent on rank, allowing the UE to transmit at its maximum rated power.

Please note that we do not propose to discuss this in the MIMO agenda points, as it will be treated in RAN1#93 under the power control agenda point.  Our intention is to draw the attention of MIMO experts so that that they can participate in the related power control discussion.
Conclusion
This contribution has discussed a few remaining corrections needed for codebook based operation, including the need for a switching gap when SRI is used with codebook based transmission, as well as some general clarifications of codebook based UL MIMO.  We also summarized some UL MIMO related problems with how power control is specified, pointing to the ongoing discussion under the power control agenda point.  A text proposals is given in section 3 to implement the needed corrections. We made the following proposals:
Observation:
· There is continuing discussion of UL MIMO related aspects of power control under agenda item 7.1.6 that MIMO experts may wish to participate in.
Proposal 1:
· Specify minimum gaps to be used between SRS resources used in codebook based transmission
· Use the gaps defined for antenna switching in Table 6.2.1.2-1 of 38.214.
· Use the approach proposed in [2], further discussing in which section of 38.214 to specify
Proposal 2:
· 
Add how the antenna ports are determined for codebook based operation in 38.214
· Introduce ‘clean ups’ not completed during post-RAN1#92bis spec review of 38.214
· Fix: ‘and that corresponds to the SRS resource’ to align precoder determination text for single SRS resource case with multi-resource case
· Define ‘AP-SRS’ as ‘aperiodic SRS’
· Clarify the restriction on configuring partial coherent codebook based operation such that 2 antenna ports are within one SRS resource
· Clarify that the restrictions on nrofSRS-Ports and resourceType in SRS-ResourceSet apply only to the SRS resources used for codebook based transmission
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