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Introduction
In RAN1#87ah, the following agreement was made:
In this contribution, we discuss precoded SRS and hybrid precode/non-precoded SRS schemes and how to map UE TX beams to different SRS resources.· Support at least the following UL transmission schemes for data in NR
· Scheme A: Codebook based UL transmission
· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than X (FFS: Value of X).
· Study codebook design including single-stage and multi-stage, e.g., W1W2 structure, codebook 
· Study the following DL signaling, e.g.,
· One level DCI
· Two level DCI
· MAC CE
· DCI associated with PDSCH (like UCI associated with PUSCH in LTE)
· Scheme B: Non-codebook based UL transmission
· Support frequency selective precoding for CP-OFDM when the number of transmission port is greater than Y (FFS: Value of Y).
· Support the indication of DL measurement RS for UE to calculate candidate precoder
· Study the mechanisms for UL precoder determination, e.g. precoded SRS based, non-precoded SRS based, hybrid precoded and non-precoded SRS based

· For NR UL, support transmissions of SRS precoded with same and different UE Tx beams within a time duration
· Detailed FFS, including the resulting overhead, time duration (e.g., one slot), and configuration, e.g., in the following:
· Different UE Tx beam: FFS per SRS resource and/or per SRS port
· Same UE Tx beam across ports: for a given SRS resource and/or a set of SRS resources
· FFS: The SRS resources can be mapped in TDM/FDM/CDM manner.
· FFS: overhead reduction schemes such as IFDMA or larger subcarrier spacing
· FFS gNB can indicate selected SRS port/resource for UE after receiving the SRS.


[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	

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. 
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.

For precoded SRS, the SRSs transmitted in the different UE TX beams can be signalled in three different ways (a, b and c below). We will here discuss some pros and cons with each way. 
a) Single SRS resource, with multiple SRS ports per SRS resource
b) Multiple SRS resources, with multiple SRS ports per SRS resource
c) Multiple SRS resource, with single SRS port per SRS resource
Our assumption is that an SRS resource indicator can be used to feedback the SRS resource(s) with highest RSRP(s) to the UE and that a codebook is used to select rank and PMI for SRS ports within one SRS resource. The rank and PMI is then fed back to the UE. These assumptions are similar to the CSI-RS class B framework in DL LTE. 
For case a, one single SRS resource is used and each SRS port in that SRS resource corresponds to one UE TX beam. The TRP will then use a port selection codebook to report back the chosen PMI and rank. One drawback with this solution is that an SRS resources must support many different numbers of SRS ports such that a flexible number of UE TX beams can be evaluated, preferably an SRS resource should support all numbers between 1 up to 8 ports. Another drawback is that two different codebooks are need in the standard, one port combining codebook for the non-precoded SRS and one port selection codebook for precoded SRS.
For case b, both multiple SRS resources and multiple SRS ports per SRS resource is used. For example, assume we would like to evaluate eight UE TX beams, then these beams can be transmitted using two SRS resources, where each SRS resource have four SRS ports. The TRP will then first determine the best SRS resource (for example based on RSRP) and then use a codebook for the four SRS ports within the chosen SRS resource to determine the rank and PMI. The SRS resource indicator, PMI and rank is then fed back to the UE. One drawback with this solution is that for multi-layer transmission, only UE TX beams corresponding to one SRS resource can be selected, which is sub-optimal.
For case c, one SRS resource is used per UE TX beam. The TRP the determines the best UE TX beam(s) based on RSRP measurements (and/or rank) and feeds back SRS resource indicator(s) to the UE. One drawback with this solution is that for high rank UL transmission where multiple SRS resource indicators should be fed back to the UE, requires more overhead signalling compared to case a. 
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), however, depending on which of the three cases above is chosen, the number of SRS ports per SRS resource might have to change. 
How to map UE TX beams to SRS resources and SRS ports can be done in three different ways for precoded SRS.
Consider the three different ways (a, b and c) of how to apply SRS resources and SRS ports for precoded SRS.

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
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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 transmit 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). In this case the TRP has to determine rank over all SRS ports, one port selecting precoder for respective subset, and one port combining precoder over the multiple subsets. To do this, the TRP needs information about which SRS ports that belongs to the same subsets. One way to implicitly signal this to the TRP is to group the SRS ports belonging to the same subset in to one SRS resource but on different SRS ports (or we can introducing a new term called sub-“SRS resources”) and to use different SRS resources for SRS ports belonging to different subsets. For example, in the figure below, SRS port1 and SRS port2 will then be mapped to one SRS resource and SRS port3 and SRS port4 will be mapped to another SRS resource. The TRP knows that it should use a port selection codebook for SRS ports within an SRS resource, and then apply a port combining codebook over the SRS ports belonging to different SRS resources.    


[image: ]
Figure 2	
How to handle hybrid precoded/non-precoded SRS port schemes need further attention.
Study how to handle hybrid SRS precoded/non-precoded port schemes.

 
Conclusions
1. [bookmark: _In-sequence_SDU_delivery]Applying precoding on top of precoded SRS ports may lead to poor utilization of power amplifiers.
How to map UE TX beams to SRS resources and SRS ports can be done in three different ways for precoded SRS.
How to handle hybrid precoded/non-precoded SRS port schemes 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.
1. Consider the three different ways (a, b and c) of how to apply SRS resources and SRS ports for precoded SRS.
[bookmark: _GoBack]Study how to handle hybrid SRS precoded/non-precoded port schemes.
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