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Introduction
In RAN1#88b, the following agreement was made:
Codebook based transmission for UL is supported at least by following signaling in UL grant:
· SRI+TPMI+TRI, where 
· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.
· No SRI when a single SRS resource is configured
· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.
· Support indication on selection of multiple SRS resources
· FFS details


· Scheme A: Codebook based UL transmission
· For the previous agreement “Support frequency selective precoding for CP-OFDM when the number of transmission port(s) is equal to or greater than X (FFS: Value of X).”, FFS the value X and the interpretation of transmission port(s)
· Scheme B: Non-codebook based UL transmission
· For the previous agreement “Support frequency selective precoding for CP-OFDM when the number of transmission port(s) is equal to or greater than Y (FFS: Value of Y).”, FFS the value Y and the interpretation of transmission port(s)


In this contribution, we discuss definitions of Non-codebook based UL transmission and Codebook based UL transmission. We further elaborate on Non-codebook based UL transmission in this contribution. In our companion contribution [1] we further elaborate on Codebook based UL transmission.
[bookmark: _Ref178064866]Discussion
[bookmark: _GoBack]Codebook based UL transmission and Non-codebook based UL transmission has been mentioned in previous agreements, but the definition of them has not yet been clarified. This paper aims to define the two transmission schemes and elaborate a bit more in detail about the Non-codebook based UL transmission scheme. The Codebook based UL transmission scheme will be further discussed in [1]. 
As mentioned in previous agreements UEs can transmit one or several SRS resources where each SRS resource can contain one or several SRS ports. The TRP can then signal an SRS resource indicator (SRI) to indicate an SRS resource to the UE, and in case of multiple SRS ports within each SRS resource the TRP can use a codebook to evaluate a preferred precoder to be applied over these SRS ports, and signal the corresponding transmission precoding matrix indicator (TPMI) to the UE. 
Non-codebook based UL transmission is defined as the case where each SRS resource only contains a single SRS port. For this case the TRP will only report SRIs to the UE (i.e. no TPMI is needed).
Codebook based UL transmission is defined as when an SRS resource contains multiple SRS ports. In case of several SRS resources an SRI is used to select one or several SRS resource(s). Therefore, TPMI can be  used to indicate preferred precoder over the SRS ports in the selected SRS resource(s). 
Non-codebook based UL transmission can use SRI(s) to feedback which single-port SRS resource(s) the UE should use.
For codebook based UL transmission, each SRS resource contains more than one SRS port.
Codebook based UL transmission can use SRI, in case of multiple SRS resources, to select one or multiple SRS resource(s).
Codebook based UL transmission can use TPMI from a codebook to feedback precoders to apply over SRS ports for one or more SRS resources.
Non-codebook based UL transmission
In the remaining part of this contribution we will elaborate a bit further about the Non-codebook based UL transmission. 
One use case of Non-codebook based UL transmission is for precoded SRSs, i.e. SRS ports generated by common power amplifier resources, as illustrated in Figure 1. In this case four beams are generated, where each beam is generated using all four antenna arrangements. In this case we do not want to apply port combining precoding over the four SRS ports (the SRS ports are named SRS resources in Figure 1, because they are single port SRS resources), because this might lead to poor power amplifier utilization. Instead we should use Non-codebook based UL transmission here and transmit an SRS resource per beam where each SRS resource only contains one SRS port. The TRP can then choose the best beam(s) by feedback the corresponding SRI(s). 
In order to facilitate the use of higher order spatial multiplexing (or diversity transmission) for the Non-codebook based UL transmission scheme, it is preferred that NR supports feedback of multiple SRIs. For example, assume that the TRP receives the four SRS resources from Figure 1 and evaluates that rank two transmission should be used by applying one layer on SRS Resource 1 and a second layer on SRS Resource 4, then the TRP should be able to signal back two SRIs, one for SRS Resource 1 and one for SRS Resource 4.
NR should support multiple SRI feedback in order to facilitate higher order spatial multiplexing for Non-codebook based UL transmissions.

There might be substantial gains with frequency selective UL closed loop precoding. This could be enabled for Non-codebook based UL transmission by using different SRIs in different parts of the frequency band. However, this will also lead to increased overhead signalling, so further studies will be needed to evaluate the performance gain vs. overhead of such schemes.
Study performance gain vs. overhead of closed loop frequency selective precoding for Non-codebook based UL transmission.
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Figure 1	





Conclusions
1. Non-codebook based UL transmission can use SRI(s) to feedback which single-port SRS resource(s) the UE should use.
For codebook based UL transmission, each SRS resource contains more than one SRS port.
Codebook based UL transmission can use SRI, in case of multiple SRS resources, to select one or multiple SRS resource(s).
Codebook based UL transmission can use TPMI from a codebook to feedback precoders to apply over SRS ports for one or more SRS resources.
NR should support multiple SRI feedback in order to facilitate higher order spatial multiplexing for Non-codebook based UL transmissions.
Study performance gain vs. overhead of closed loop frequency selective precoding for Non-codebook based UL transmission.
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