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1	Introduction
[bookmark: _GoBack]This contribution addresses remaining corrections for uplink port mapping.  Corrections for power scaling for PUSCH and SRS with UL MIMO that are discussed in companion papers [1][2] 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.  The precoding for DMRS and PUSCH as well as the mapping for SRS as represented in the current version of 38.211 are shown to the right of the processing flow.



Figure 1
Starting with the DM-RS precoding step, DM-RS associated with antenna port  (corresponding to PUSCH layer ) are precoded by the 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. Therefore PUSCH layers  are precoded with same precoding matrix  as DMRS ports  to form a precoded PUSCH transmission associated with antenna ports .  
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.
Then taking the SRS mapping equation along with the PUSCH precoding above, it may be observed that the antenna ports  are 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 port  must exist prior to RRC configuration in order to be able to define a PUSCH transmission.  
Since antenna ports  exist 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 indicate that both SRS and PUSCH may be carried on antenna ports . 
One can visualize the antenna ports  as physical antennas, although it is not mandated by specifications as it is part of UE implementation, and the UE can freely use any implementation mapping between these antenna ports and the physical antennas.  Note that since SRS is not always necessarily present, this antenna port is not necessarily directly identified 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”). When SRS is not present, but PUSCH is, the DMRS is mapped to ports  via the precoding matrix , and so the ports  are still measurable, and defined indirectly through the DMRS.  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. 
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 
Proposal 1:
· Clarify that antenna ports starting with 0 carry PUSCH DMRS and those starting with 1000 carry either or both of SRS and PUSCH, as follows:

For 38.211 section 6.2:
>>>>>>>>>>>> Start text proposal 1 >>>>>>>>>>>>
[bookmark: _Toc524610218]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 for PUSCH
-	Antenna ports starting with 1000 for SRS, PUSCH
-	Antenna ports starting with 2000 for PUCCH
-	Antenna port 4000 for PRACH 
>>>>>>>>>>>> End text proposal 1 >>>>>>>>>>>>>
SRS may be used to facilitate switching among different beams or physical antennas in a UE, and so the UE may be configured with more SRS ports than the maximum number of layers it can transmit.  This is one motivation for defining SRS resources, so that subsets of beam or physical antennas can be addressed.  Therefore, the SRS resource is also an identifier of the spatial filtering used by the UE.   This principle is used by non-codebook based precoding where each SRS resource (identified by an SRI) is tied to a DMRS port.  
Because the ports   are indexed from  to , while the single port in each SRS resource used in non-codebook based always has index , the mapping for PUSCH precoding below may at first seem problematic.  


There are  distinct ports to carry PUSCH, each of which should correspond to an SRS port, so one might infer that the SRS ports should also have  distinct values.  However, since the SRI has  distinct values and maps to a unique DMRS port as well as a PUSCH layer , there is no need to distinctly number SRS ports in non-codebook based precoding.  Given that both the DMRS port and PUSCH layer are mapped to the SRS resource, it is sufficiently clear that PUSCH and SRS ports have the same spatial filtering or ‘precoding’ in non-codebook based precoding. 
Observation:
· There is no need to distinctly number SRS ports in non-codebook based precoding.  

[bookmark: _Toc500952646]2.1.3 Scaling of PUSCH and SRS 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 Error! Reference source not found., 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 [3], 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.  In RAN1#94bis, an agreement was reached to fix the problem at least for PUSCH.  
Agreement
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.
Observations: 
· The current Rel-15 SRS as well as the PUSCH power scaling specifications are ambiguous, and both should be corrected to not require full PA power for any MIMO UE capability.
· A full power 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. 
Proposal 3 (for agenda item 7.1.5)
Clarify Rel-15 SRS as well as 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.
Conclusion
This contribution has considered remaining corrections needed for uplink port mapping.  Corrections for power scaling for PUSCH and SRS with UL MIMO that are discussed in companion papers [1][2] were also introduced.  Based on the discussion, we made the following high level proposals.  A corresponding text proposal is given in section 2.

Proposal 1:
· Clarify that antenna ports starting with 0 carry PUSCH DMRS and those starting with 1000 carry either or both of SRS and PUSCH, as given in text proposal 1 above.

Proposal 2 (for agenda item 7.1.5)
· Clarify Rel-15 SRS as well as 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
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