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Introduction
In the January RAN1 NR adhoc, it was decided to correct the order of UL DMRS precoding and resource mapping, as well as to update the DMRS port definition:
Conclusion
Specification should be revised to place the UL DMRS precoding after physical resource mapping and update UL DMRS port definition
Relevant tdoc# R1-1801242, R1-1801035, and R1-1801093
As a result of these discussions, it became clear that multiple sets of antenna ports corresponding to PUSCH transmission were needed, and therefore in the updated and endorsed version of TS 38.211, a new set of antenna ports is defined in addition to a set of ports for PUSCH DMRS.  Note that this is necessary for the UL since we need to support codebook based transmission, while the downlink is essentially non-codebook based (that is, there is  no mode resembling LTE TM4 in NR). 

In this contribution, we clarify that the new set of antenna ports should carry either or both of SRS and precoded PUSCH.  A corresponding text proposal for 38.211 is provided to clarify these antenna port definitions.
Antenna Port Mapping & Identification
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.
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[bookmark: _Ref506311907]Figure 1

Starting with the precoding step, DM-RS associated with antenna port  are precoded 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.
PUSCH is precoded in the same manner as its associated DM-RS, hence PUSCH layers associated with antenna port  are precoded to form precoded PUSCH 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) and the UE can 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 already precoded transparently 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 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 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 for codebook based precoding, the UE applies transparent precoding / spatial filtering to each SRS resource, and gNB can determine a corresponding  for ports within each SRS resource.  Note that since all these SRS resources are mapped to the same antenna ports, it is the 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 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 
· It is sufficient to define two sets of antenna ports for PUSCH transmission: a set prior to precoding, and a set after precoding.
· PUSCH prior to precoding and PUSCH DMRS can occupy one set of ports ‘’
· SRS and PUSCH after precoding can occupy another set of ports ‘’
As can be seen in the text from 38.211 section 6.2 below, antenna ports starting with 1000 are identified with SRS.  This should be corrected such that both SRS and PUSCH after precoding can be carried on these ports.

Proposal:
· Rename antenna ports  (that with index 1000) in 38.211 from ‘SRS ports’ to ‘SRS and precoded PUSCH ports’.

[bookmark: _Toc500952646]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 layers prior to precoding and associated demodulation reference signals
-	Antenna ports starting with 1000 for SRS and precoded PUSCH
-	Antenna ports starting with 2000 for PUCCH
-	Antenna port 4000 for PRACH
>>>>>>>>>>>> End text proposal 1 >>>>>>>>>>>>>


Conclusion
In this contribution, we have discussed how the set of antenna ports defined for use after precoding should be defined, making the following observation and proposal:
Observations:
· It is necessary for SRS to occupy the 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 
· It is sufficient to define two sets of antenna ports for PUSCH transmission: a set prior to precoding, and a set after precoding.
· PUSCH prior to precoding and PUSCH DMRS can occupy one set of ports ‘’
· SRS and PUSCH after precoding can occupy another set of ports ‘’
Proposal:
· Rename antenna ports  (that with index 1000) in 38.211 from ‘SRS ports’ to ‘SRS and precoded PUSCH ports’.

Text is provided for 38.211 to implement the above proposal.
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