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1	Introduction
This contribution addresses remaining corrections needed for uplink multi-antenna transmission, including corrections for uplink port mapping, single antenna port transmission with DCI format 0_0 and with configured grants, the need for a switching gap for codebook based and non-codebook based transmission, which SRS resources can be transmitted simultaneously, and PUSCH ‘precoding’ determination from SRS in non-codebook based transmission.  Corrections for power scaling for PUSCH and SRS with UL MIMO 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.
[bookmark: _Ref178064866]2	Identified essential corrections
2.1 	Multi-antenna scheme
2.1.1 	Antenna port definitions
Figure 1 below illustrates precoding and layer mapping operations for PUSCH layers, PUSCH DM-RS, and SRS.  The processing flow is shown on the left.  How the processing steps for DMRS and SRS are represented in the current version of 38.211 is shown in the middle and right of the figure, respectively.



Figure 1

Starting with the DM-RS precoding step, DM-RS associated with antenna port  (i.e. per PUSCH layer) are precoded by the gNB selected matrix  to form precoded DM-RS associated with antenna ports .  Ports prior to precoding have a tilde while ports after precoding does not have a tilde notation.
The PUSCH is precoded in the same manner as its associated DM-RS, hence PUSCH layers associated with antenna port  are precoded with the gNB selected precoding matrix  to form a precoded PUSCH transmission associated with antenna ports .  
One can visualize the latter antenna port (without tilde) as a physical antenna (although it is not mandated by specifications as it is part of UE implementation) but the UE can freely use any implementation mapping between these antenna ports and the physical antennas. Note also that this antenna port is not defined by a reference signal, thereby extending the definition of an antenna port somewhat (although this extension was also used in LTE uplink for the P “uplink antenna ports”). Note also that the precoding matrix  is the identity matrix in case non-codebook based precoding is used: as the layers  are only transparently precoded, up to UE implementation, and hence unknown to gNB. 
The precoded PUSCH and thus also the embedded DM-RS are next mapped to respective physical resources , associated with one antenna port .  SRS reference signals do not have a specified precoding step and are directly associated with antenna ports .  Consequently, the SRS sequence  only needs to be mapped to the physical resource  and hence, the actual SRS implementation mapping to physical antennas is always specification transparent.
Given the mapping above, it may be observed that the antenna port  is associated with both SRS and with precoded PUSCH in the current version of 38.211.  This is essential if SRS is to be useful: if SRS were transmitted on antenna ports unrelated to the antenna ports associated with PUSCH, the gNB would have no way to transform its measurements of SRS to CSI that can be used to determine , or SRI, etc.  Furthermore, SRS is transmitted at different times than PUSCH, and is not always configured (for example, prior to RRC configuration during radio link setup) and likewise, antenna ports  must exists prior to RRC configuration in order to be able to define a PUSCH transmission.  
Since antenna port  exists independently of SRS and carries either or both of PUSCH and SRS, it is not properly called an ‘SRS port’.  The LTE terminology of ‘antenna port’ is more accurate, but perhaps more vague.  An alternative to this is to refer to ‘precoded PUSCH ports’ to differentiate it from PUSCH layers that are defined prior to precoding. 
When there is more than one SRS resource configured with codebook based precoding, the UE applies transparent mapping to physical antennas (spatial filtering), for each SRS resource, and gNB can independently determine a corresponding  for ports within each SRS resource.  Note that since all these SRS resources are mapped to the same antenna ports (e.g. at different points in time), it is the time dependent implementation specific step that is different between these SRS resource transmission, i.e. the mapping of the defined antenna ports to the physical antennas. SRI identifies which SRS resource that should be used by the UE to precode / spatial filter the PUSCH and the UE knows for that SRS resource which mapping of these ports to physical antennas was used when performing the SRS resource transmission previously.  Given this use of SRI, port numbering within each SRS resource is sufficient (as is currently specified in 38.211).
Observations:
· It is necessary for SRS to occupy the same set of antenna ports  also occupied by PUSCH (after precoding in case of codebook based UL) for SRS to be useful for PUSCH CSI.
· Antenna ports  for PUSCH transmission must exist independently of SRS
· SRS is not transmitted simultaneously with PUSCH, nor always configured 

As can be seen in the text from 38.211 section 6.2 below, antenna ports starting with 1000 are presently only identified with SRS.  This should be corrected such that both SRS and PUSCH after precoding can be carried on these ports.
Proposal 1:
· Correct what is carried on antenna ports  (that start with index 1000) in 38.211 Section 6.2 from being only SRS to {SRS, precoded PUSCH, and precoded PUSCH demodulation reference signals}.

For 38.211 section 6.2:
>>>>>>>>>>>> Start text proposal 1 >>>>>>>>>>>>
6.2	Physical resources
The frame structure and physical resources the UE shall use when transmitting in the uplink transmissions are defined in Clause 4.
The following antenna ports are defined for the uplink:
-	Antenna ports starting with 0 for PUSCH and associated demodulation reference signals
-	Antenna ports starting with 1000 for SRS, precoded PUSCH, and precoded PUSCH demodulation reference signals
-	Antenna ports starting with 2000 for PUCCH
-	Antenna port 4000 for PRACH
>>>>>>>>>>>> End text proposal 1 >>>>>>>>>>>>>
2.1.2 	Codebook & Non-Codebook Transmission with DCI format 0_0 or Configured Grants
Current text in 6.1.1.1 and 6.1.1.2 does not follow the RAN1 agreements that codebook and non-codebook based transmission can use DCI format 0_0 to transmit with one antenna or configured grants.
[bookmark: _Toc500952646]Proposal 2:
Correct codebook and non-codebook based transmission such that they can use DCI format 0_0 to transmit with one antenna or configured grants.

>>>>>>>>>>>> Start text proposal 2 >>>>>>>>>>>>
6.1.1.1 Codebook based UL transmission 
For codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1 or semi-statically configured to operate according to Subclause 6.1.2.3.  If this PUSCH is scheduled by DCI format 0_0, single antenna port transmission is used.  If this if PUSCH is scheduled by DCI format 0_1, 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 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.
>>>>>>>>>>>> End text proposal 2 >>>>>>>>>>>>>

>>>>>>>>>>>> Start text proposal 3 >>>>>>>>>>>>
6.1.1.2 Non-Codebook based UL transmission 
For non-codebook based transmission, PUSCH can be scheduled by DCI format 0_0, DCI format 0_1 or semi-statically configured to operate according to Subclause 6.1.2.3.  If this PUSCH is scheduled by DCI format 0_0, single antenna port transmission is used.  the 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. 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.
>>>>>>>>>>>> End text proposal 3 >>>>>>>>>>>>>
2.1.3 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. 


As is discussed in detail in [1], ‘the number of configured antenna ports for the transmission scheme’ can be interpreted as one or more of:
1. The number of ports in one SRS resource configured to the UE for codebook or non-codebook based operation.
2. The number of ports in all SRS resources configured to the UE for codebook or non-codebook based operation, or
3. The maximum rank that the UE is configured for through maxRank and using non-coherent TPMIs. 
These different interpretations can all lead to different values of power scaling, a number of which result in the UE transmitting substantially less than its full rated power.  As discussed in [2], the SRS power scaling has similar problems and is also ambiguous.
While corrections have been proposed for these power scaling issues, such as [4], unfortunately multi-tx UE implementations whose power amplifiers do not all provide the full rated power may not always be able to reach the full rated power when using partial or non-coherent transmission or non-codebook based transmission.  From RAN1 discussions, it is clear that these implementations are important to UE vendors in Rel-15.  This interest has led work in Rel-16 [8], which will specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers.  What is needed therefore in Rel-15 is to clearly specify PUSCH and SRS power scaling for the UE implementations in scope in Rel-15, enabling the best use of the PAs of such UEs.
Observations: 
· The current Rel-15 PUSCH and SRS power scaling specifications are ambiguous
· It is late in Rel-15 to introduce a separate UE capability and corresponding power control with respect to full power multiple PA transmission
· Such a capability can be supported in the Rel-16 NR MIMO work item, which will specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers.
In companion contributions [1][2], 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 3 (for agenda item 7.1.5)
Clarify Rel-15 NR PUSCH power scaling specifications such that per-PA full power capacity for all PAs in the UE is not required for any MIMO UE capability

Please note that we do not propose to discuss this in the MIMO agenda points, as it has been treated since RAN1#93 under the power control agenda point.  Our intention is to draw the attention of MIMO experts so that they can participate in the related power control discussion.
2.2 	Codebook based transmission for UL
2.2.1 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 on the device, but another pair of elements in another part of the UE device, 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 subsets of 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 for this feature is not the same as support for 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 [3], 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 4:
· 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 [3], further discussing in which section of 38.214 to specify

2.2.2 Clarification of restrictions on number of SRS ports
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 when additional SRS resource sets are configured, e.g. for beam management and SRS switching. 

Proposal 5:
Clarify codebook based transmission such that 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.
>>>>>>>>>>>> Start text proposal 4 >>>>>>>>>>>>
[bookmark: _Toc510988218]6.1.1.1	Codebook based UL transmission
---------------------------------------------Unchanged Text Omitted------------------------------------------------
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 4 >>>>>>>>>>>>

2.3 	Non-codebook based transmission for UL
2.3.1 Configuration of a switching gap for SRS
The UE capability 2-54a, ‘Simultaneous SRS Tx’, is intended to identify the number of SRS resources the UE can transmit simultaneously, as the name implies.  However, if a UE can simultaneously transmit say, R, SRS resources, but is configured with S>R SRS resources, it would have to switch between sets of resources that it can transmit simultaneously, which in some (for example analog antenna or beam switching) implementations will require some time.  A switching gap is included 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 of 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 non-codebook based operation should receive specific specification support. 
If the need for a switching gap for a UE is not known, the brute force 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.
Observations:
· It seems needed to define a minimum gap between SRS resources used in non-codebook based transmission
· UEs supporting capability 2-54a, ‘Simultaneous SRS Tx’ may or may not need a switching gap between SRS resources.
· 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.
If it could be assumed that all UEs would have a worst case gap requirement, then a brute force solution could be to always configure that gap between adjacent SRS resources.  This is not too constraining, since SRS resources for non-codebook based operation can be transmitted with a wide variety of periodicity and offsets.  It is a bit unfortunate, since then when a UE is configured with 4 SRS resources for non-codebook based operation, they do not fit in one slot even when the UE capability would allow it.
The next level of optimization would be to take into account UE capability for simultaneous SRS transmission, particularly given that a related UE capability has been defined and can be used for this purpose.  UEs that can transmit R resources can be assumed to transmit them in adjacent symbols.  Then gaps would be needed only between sets of R consecutive symbols.  This can be stated more precisely as:
· A UE expects to transmit at most R SRS resources in R consecutive symbols, where 
· R is the number of SRS resources indicated by higher layer parameter maxNumberSimultaneousSRS-PerCC, if supported by the UE.
· A minimum guard period of S symbols is used between any SRS in each set of consecutive resources and any SRS outside the set, where
· S is determined as for antenna switching in Table 6.2.1.2-1 of 38.214.
Observations:
· A specified minimum gap between all SRS resources for non-codebook based operation can be sufficient to support UEs that need a switching time
· However, it precludes transmitting 4 SRS resources for non-codebook based operation in one slot, which is a slight drawback.
· UE capability for simultaneous SRS transmission is well suited to identify where a gap is needed
Proposal 6:
· Specify minimum gaps to be used between any two SRS resources used in non codebook based transmission
· Use the gaps defined for antenna switching in Table 6.2.1.2-1 of 38.214.
· Further discuss if a mechanism is needed to exploit UE capability for simultaneous SRS transmission to reduce the gaps between SRS resources 
2.3.2 Simultaneous SRS Resource Transmission and SRI Selection
As discussed in RAN1#92 [5] and in RAN1#92bis[6], it is still unresolved how the gNB knows which SRS resources can be transmitted simultaneously by the gNB when the UE is configured with more SRS resources than it can transmit simultaneously in non-codebook based precoding.  There are a number of possible solutions:
1. Preclude that the UE can be configured with more SRS resources than it can transmit simultaneously.
This has a severe drawback:  UEs cannot support gNB controlled uplink antenna selection in non-codebook based operation.  Uplink antenna selection requires that a UE be configured with multiple SRS resources that it can’t transmit simultaneously.  Antenna selections is probably the most basic use case of non-codebook based precoding, and so the above restriction would run counter to agreeing to support non-codebook based transmission in the first place.

1. Use beam management resources to determine which SRS resources can be transmitted simultaneously
Since beam management is not likely to be used for FR1, this is not a general solution.  Also, using SRS-SpatialRelationInfo to establish which resources can be transmitted simultaneously is not really what it is designed for: SRS-SpatialRelationInfo identifies common spatial domain transmission filters (i.e. ‘beam directions’), not which transmit chains are used.

1. Only SRS resources transmitted in the same OFDM symbol can be transmitted simultaneously
This is a simple solution, and still allows for proper non-codebook based operation.  For example, if 4 SRS resources are configured, but only pairs can be transmitted simultaneously, gNB would configure up to two SRS resources per symbol in two different symbols.  The gNB can then pick any SRS resource it wants for each OFDM symbol.  The drawback of such an approach is that four times the SRS power is needed in one OFDM symbol, which will decrease SRS range.  Furthermore, when periodic SRS is used, the same periodicity and slot offset must be used for the resource pairs resulting in some increased overhead and lost flexibility.

1. Only fixed pairs of SRS resources can be transmitted simultaneously
SRI can select any pair of resources in the current signalling.  Since UE can map any physical antenna to an SRS resource, simply limiting the SRI combinations to fixed subsets of the combinations could be enough.  For example, if the UE supports 2 simultaneous SRS transmission and is configured with 4 SRS resources, then SRIs containing SRS resource pairs {0,1} and {2,3} could be precluded, and all other combinations allowed.  Having a fixed mapping may reduce some flexibility in UE implementation, since there can be more than one way to select possible SRS combinations.  However, given that only 4 SRS resources can be configured for non-codebook based operation, the impact on UE flexibility should be minor.

1. The UE signals combinations of SRS resources it can support
This allows full flexibility, and is also conceptually simple.  A drawback is that new RRC signalling would be needed.

Observations:
There are a number of solutions to determining which SRS resources can be transmitted simultaneously, with varying pros and cons:
· Precluding that the UE can be configured with more SRS resources than it can transmit simultaneously eliminates UE techniques such as antenna selection, which is a critical drawback.
· Using beam management resources does not seem like a general solution, being limited to FR1, nor is it clear how to use other SRS resources to establish whether non-codebook based resources can be transmitted simultaneously.
· Allowing only SRS resources in the same symbol to be transmitted simultaneously is not infeasible, but reduces SRS range by up to 6 dB as well as reducing time domain configurability.
· Using predetermined fixed pairs of SRS resources should have limited spec impact and no performance loss, although there may be some loss in UE design flexibility 
· Signaling combinations of possible SRS resources is conceptually simple, and fully flexible, but requires new RRC signalling at a late stage in Rel-15.
Given the above considerations, we propose:
Proposal 7:
· UEs are not restricted from transmitting more SRS resources than they can transmit simultaneously, as this restriction could preclude PUSCH antenna selection via SRI.
· When the UE is configured with more SRS resources than SRS or PUSCH layers that it can simultaneously transmit, a fixed rule determines a subset of SRS resource combinations that can be used by the UE.
[bookmark: _Hlk506574541]2.3.4 PUSCH Precoding Determination from SRS
As pointed out in [7], while each layer of PUSCH should be spatially transmitted in the same way as the SRS corresponding to that layer, this is not captured in the specification at present.  
Proposal 8:
· Clarify that each layer of the PUSCH is transmitted with the same spatial domain transmission filter as each SRS resource selected by the SRI.
For 38.214, section 6.1.1.2:
>>>>>>>>>>>> Start text proposal 5>>>>>>>>>>>>
[bookmark: _Toc510988219]6.1.1.2	Non-Codebook based UL transmission
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. Each layer of the PUSCH is transmitted with the same precoding as each SRS resource selected by the SRI. 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.
>>>>>>>>>>>> End text proposal 5>>>>>>>>>>>>>
Conclusion
In this contribution, we have considered remaining corrections needed for uplink multi-antenna transmission, including corrections for uplink port mapping, single antenna port transmission with DCI format 0_0 and with configured grants, the need for a switching gap for codebook based and non-codebook based transmission, which SRS resources can be transmitted simultaneously, and PUSCH ‘precoding’ determination from SRS in non-codebook based transmission.  Corrections for power scaling for PUSCH and SRS with UL MIMO that are discussed in a companion paper [1] were also introduced.   Based on the discussion, we made the following high level proposals.  Corresponding text proposals are given with the high level proposals in section 2.

Proposal 1:
· Correct what is carried on antenna ports  (that start with index 1000) in 38.211 Section 6.2 from being only SRS to {SRS, precoded PUSCH, and precoded PUSCH demodulation reference signals}.

Proposal 2:
· Correct codebook and non-codebook based transmission such that they can use DCI format 0_0 to transmit with one antenna or configured grants.

Proposal 3 (for agenda item 7.1.5)
· Clarify Rel-15 NR PUSCH power scaling specifications such that per-PA full power capacity for all PAs in the UE is not required for any MIMO UE capability

Proposal 4:
· 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 [3], further discussing in which section of 38.214 to specify

Proposal 5:
· Clarify codebook based transmission such that 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.

Proposal 6:
· Specify minimum gaps to be used between any two SRS resources used in non codebook based transmission
· Use the gaps defined for antenna switching in Table 6.2.1.2-1 of 38.214.
· Further discuss if a mechanism is needed to exploit UE capability for simultaneous SRS transmission to reduce the gaps between SRS resources 
Proposal 7:
· UEs are not restricted from transmitting more SRS resources than they can transmit simultaneously, as this restriction could preclude PUSCH antenna selection via SRI.
· When the UE is configured with more SRS resources than SRS or PUSCH layers that it can simultaneously transmit, a fixed rule determines a subset of SRS resource combinations that can be used by the UE.
Proposal 8:
· Clarify that each layer of the PUSCH is transmitted with the same spatial domain transmission filter as each SRS resource selected by the SRI.
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