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Introduction
In RAN1#86bis, the following agreement was made regarding a UL MIMO:
Agreements:
· At least one of precoded and non-precoded SRS based UL link adaptation procedure should be supported in NR, with at least following different procedures:
· UL data scheduling (MCS/precoder/rank) is based on non-precoded SRS transmission by UE
· Configurable number of SRS ports are 1, 2, 4, or [8]. Other possible numbers FFS.
· FFS on precoder/codebook
· UL data scheduling (MCS/precoder/rank) is based on precoded SRS(s) transmission by UE
· Configurable number of SRS ports are 1, 2, or 4. Other possible numbers FFS.
· Multiple precoded SRS resources (if supported) can be configured.
· At least one of the following is supported
· Precoder for SRS can be determined by UE based on measurement on DL RS and 
· Precoder for SRS can be indicated by gNB
· FFS on precoder/codebook
· UL data scheduling (MCS/precoder/rank) is based on a combination of non-precoded and precoded SRS transmission by UE
· Note: Some parts of above procedures might be transparent to UE
· FFS: UE may select a subset of SRS ports for SRS transmission



In this contribution we discuss SRS port configuration and the number of SRS ports as well as precoding/codebooks.
[bookmark: _Ref178064866]Discussion
	
SRS port configuration and number of SRS ports
We see the need for an SRS port configuration process, initiated by the network to handle relatively slow changes, i.e., cycle times in the order of seconds. The purpose is for the network to assign a certain number of SRS ports available for the UE and which antenna ports on the UE, if any, that shall not be used for transmission. Reasons may be insignificant contribution to link budget, interference spread etc. The process involves sounding of all antenna ports on the UE.
A UE may use only a subset of the assigned number of SRS ports for SRS transmission. Reasons can be blocking of an antenna, EMF issues etc. identified by the UE. The use of a reduced number of SRS ports may be an implicit information to the network regarding the number of SRS-ports needed.
In case of an antenna, previously being classified as not to be used, is identified by the UE to be available for transmission the UE may signal to the network that an increased number of SRS-ports is desired. Another way is that the network, on regular basis, initiate a port configuration process.
It was agreed in RAN1#86bis that the number of non-precoded SRS ports shall be reconfigurable and take the numbers 1, 2, 4, or [8], other numbers for FFS. As UE output power will be a scarce resource it is important that as many as possible of the radio chains in the UE can be active. For example, in case of blocking one out of 8 antennas it shall be possible to transmit 7 SRS. This can be accomplished in different ways. One way is to allow any number of SRS between 1 and 8, another is to apply antenna port puncturing on a codebook larger than the number of SRS ports. For this example, a codebook of size 8 (number of ports) but where one of the antenna ports, the blocked one, is assigned zero output power.
[bookmark: _Toc466035753]Study the pros and cons of an SRS port configuration process
[bookmark: _Toc466035754]Support precoding over any number, within 1 till 8, i.e. not just a power of 2, of non-precoded SRS-ports.

Codebook design
[bookmark: _Toc466035596][bookmark: _Toc466035622]Antenna topologies at UEs are likely to be quite different from what is foreseen at the gNB side. Furthermore, they are likely to be quite different at different carrier frequencies. For this reason, the codebook design shall not be tied to any specific topology (design).
Required codebook sizes (number of ports) are given by the number of SRS-ports, the number being discussed in a previous section 
Different aspects should be considered when designing codebooks. For example, codebooks for precoded SRS shall be of antenna selection type, i.e. only one port being used per layer, for the sake of efficient use power amplifier resources. This type of codebook has by nature a limited number of entries. For non-precoded SRS the situation is more complicated with many more aspects to consider such as
· The number of entries needed
· Design of precoders applicable for arbitrary array topology
· Design of precoders applicable for specific array topology
· Possibly hierarchic structure for
· Polarization adaptation as in LTE
· Co-phasing panels
· others
· Structure for disabling use of some elements via separate codebooks, codebook restriction or element puncturing.
[bookmark: _Toc466035755]Precoders shall be constant modulus except for elements with zero magnitude.
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Conclusions
We have the following observation:
Observation 1	Antenna topologies at UEs are likely to be quite different from what is foreseen at the gNB side. Furthermore, they are likely to be quite different at different carrier frequencies. For this reason, the codebook design shall not be tied to any specific topology (design).

We propose the following:
Proposal 1	Study the pros and cons of an SRS port configuration process
Proposal 2	Support precoding over any number, within 1 till 8, i.e. not just a power of 2, of non-precoded SRS-ports.
Proposal 3	Precoders shall be constant modulus except for elements with zero magnitude.
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