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Introduction
In RAN1#86bis, the following agreement was made:
In this contribution, we discuss codebooks and number of SRS ports for precoded SRS ports.· 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

[bookmark: _Ref178064866]Discussion
An underlying assumption for precoded SRS is that each SRS ports share the same (typically all) TX/RXs, as schematically illustrated in Figure 1. 
[image: ]
Figure 1	

[bookmark: _GoBack]In this contribution, we assume that the precoder (i.e. “Digital precoder matrix” in Figure 1) is already determined, for example via beam management or reciprocity, and we discuss what further freedom there is for precoding to be applied. 
Applying additional port combining precoding on top of the, already precoded SRS ports may lead to poor utilization of power amplifiers due to un-even load of power amplifiers. To use power resources in an efficient way, with possibility to full PA utilization, no port combining precoding shall be allowed over precoded SRS-ports. 
Applying precoding on top of precoded SRS ports may lead to poor utilization of power amplifiers.
Hence, codebooks for precoded SRS shall be of port selection type, i.e. only one port being used per layer, for the sake of efficient use of power amplifier resources. This type of codebook has by nature a limited number of entries. 
It was agreed in RAN1#86bis that the number of precoded SRS ports shall be reconfigurable and take the numbers 1, 2, or 4 (other numbers for FFS), which sounds reasonable for this transmission scheme. We propose to using only 1, 2, or 4 SRS ports for precoded SRS in one OFDM symbol. If an UL beam sweep is performed, then the total number of precoded SRS ports in an UL slot can be larger than 4, while the number of ports per symbol will be limited to 4. 
Codebook for precoded SRS should be designed such that only one port being used per layer and the codebook is used to select a SRS port per layer.
Support 1, 2, and 4 precoded SRS-ports per OFDM symbol.
Below we give examples of UL MIMO codebooks for precoded SRS for different ranks. 

Table 1 Rank 1 port selection codebook for precoded SRS
	Codebook index

	0 – 3
	

	

	

	





Table 2 Rank 2 port selection codebook for precoded SRS
	Codebook index

	0 – 3
	

	

	

	


	4-5
	

	

	
	



Table 3 Rank 3 port selection codebook for precoded SRS
	Codebook index

	0 – 3
	

	

	

	




Table 4 Rank 4 precoding matrix for precoded SRS
	Codebook index

	0 
	





It is also possible to design the SRS ports such that a subset of the SRS ports shares a subset of the TX/RXs while another subset of SRS ports shares another subset of TX/RXs, as schematically illustrated in Figure 2. This case is a hybrid solution between precoded and non-precoded SRS ports. In this case it should be allowed to use port combining precoding over SRS ports belonging to different subsets (e.g. over SRS port1 and SRS port3) but it should not be allowed to use port combining precoding for SRS ports belonging to the same subset (e.g. over SRS port1 and SRS port2). How to handle hybrid SRS port cases needs further attention.

[image: ]
Figure 2	
How to handle hybrid SRS port cases need further attention.
Study how to handle hybrid SRS port cases.

 
Conclusions
1. [bookmark: _In-sequence_SDU_delivery]Applying precoding on top of precoded SRS ports may lead to poor utilization of power amplifiers.
1. How to handle hybrid SRS port cases need further attention.
1. Codebook for precoded SRS should be designed such that only one port being used per layer and the codebook is used to select a SRS port per layer.
Support 1, 2, and 4 precoded SRS-ports per OFDM symbol.
Study how to handle hybrid SRS port cases.
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