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Introduction
In RAN1#94bis, some potential solutions enabling full power transmission for PUSCH were identified:
Agreement
Consider the following potential solutions and other solutions (such as combination of the solutions below) for UL full power transmission. Decision will be made in RAN1#95:
Option 1: Refinement/adjustment of UL codebook is supported
· 1-1: Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs
· 1-2: Introduce additional scaling factor for uplink codebook
Option 2: UE transparently applies a small cyclic or linear delay
Option 3: Power control mechanism to be modified to support UL full power transmission without precluding the use of full rated PA(s)
· Note: Full rated PA refers to a PA having power not lower than that of the power class
Option 4: Up to UE implementation (no specification impact)
Since the antenna array topology of UEs is expected to vary widely with respect to antenna element radiation patterns, polarization properties, antenna element separations, etc., it is important that RAN1 specifications for full power transmission leave maximum flexibility in the UEs’ implementations to allow them to provide full power.  In this contribution, we provide some initial results on how the benefits of benefits of UE antenna virtualization vary with antenna configuration for non-coherent transmission.
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In this section we will present results from full buffer system level simulations investigating UE antenna virtualization option 1-1 from RAN1#94bis and the current rel-15 spec for non-coherent codebook-based UL transmission. 
Simulation parameters
UE antenna setup
The antenna array topology of UEs is expected to vary widely with respect of antenna element radiation patterns, polarization properties, antenna element separations and pointing directions. For UE implementations, especially at higher frequencies, it is expected that the different antenna arrangements within a UE will experience channels with low or no correlation, for example due to radiation patterns pointing in different directions, large separation between the antenna arrangements or orthogonal polarizations.  Therefore, it is motivated to consider various UE configurations when investigating UL MIMO related enhancements. 
In what follows, performances are compared for two different UE antenna configurations, illustrated in the following figure:
[image: ]
Figure 1: Two different UE antenna configurations: 1x2 ULA and diamond-shaped (DIAMOND) transmit antenna array
Observation:
· To support full UE antenna implementation freedom, it is appropriate to consider a wide variety of UE antenna configurations when investigating UL MIMO related enhancements. 
Simulation setup
We have used the following settings in our system level simulator. 
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	Carrier frequency
	3.5 GHz 

	Bandwidth
	100 MHz 

	Scenarios
	3D UMi 200m ISD

	BS antenna configuration
	(M, N, P, Mg, Ng) = (4,4,2,1,1), (0.8, 0.5)λ (V,H)-element spacing and 32 ports (hence no subarray virtualization)


	UE antenna configuration
	ULA: (M,N,P)= (1,2,2) with 0.5λ spacing with omni-directional antenna elements. 
DIAMOND: Placement according to Figure 1 where each antenna element is directional with HPBW=90° and directivity 7 dBi (and all antenna elements are directed outwards).  

	Cell layout
	21 sectors in total

	Wrapping
	Radio distance based

	UE Tx power 
	Pcmax = 23dBm

	Traffic model
	Full buffer traffic

	UE speed 
	3 km/h

	Scheduling 
	Round robin

	HARQ
	Max 5 retransmissions

	Handover margin
	3 dB

	
	0.8

	Transmission scheme
	Codebook based

	Rank restriction
	Only rank 1 transmissions. 

	UE coherence model
	The output signal from UE antenna port i is multiplied with  where =0 for a coherent UE and for a non-coherent UE  is drawn from a uniform distribution between -1 and 1. 


Simulation results
We will here simulate four different UE cases in case of codebook-based UL transmission for a 4Tx UE:  
· Rel-15, non-coherent UE: This is the current specification of a non-coherent UE using the Rel-15 codebook intended for a non-coherent UE. 
· Option 1-1, non-coherent UE: This case assumes a non-coherent UE that can use the Rel-15 codebook intended for a coherent UE. 
In the tables below, we present system level simulations for the two considered UE configurations. It is emphasized that only rank 1 transmission is considered, hence the UE does not perform any rank adaptation. 
Table 1. Full buffer traffic simulations of a 4TX ULA UE utilizing non-coherent codebook-based transmission for the UMi scenario. 
	
	Mean user throughput (bits/Hz/user)

	Mean user throughput gain
	Cell edge throughput
(bits/Hz/user)
	Cell edge throughput gain 


	Rel-15, non-coherent UE
	0,77
	0
	0,14
	0

	Option 1-1 , non-coherent UE
	0,82
	+6
	0,20
	+42



Table 2. Full buffer traffic simulations of a 4TX DIAMOND UE utilizing non-coherent codebook-based transmission for the UMi scenario. 
	
	Mean user throughput (bits/Hz/user)

	Mean user throughput gain
	Cell edge throughput
(bits/Hz/user)
	Cell edge throughput gain 
(%)

	Rel-15, non-coherent UE
	0,87
	0
	0,21
	0

	Option 1-1 , non-coherent UE
	0,87
	0
	0,22
	+4



From these results, we observe that the gain for antenna virtualization using option 1-1 varies significantly when different UE antenna configurations are used, such that there is essentially no gain in one of the configurations.  Therefore Rel-16 full power transmission should not rely only on antenna virtualization techniques such as option 1-1.
Observation:
· The gain for antenna virtualization using option 1-1 varies significantly when different UE antenna configurations are used.
Proposal:
· Rel-16 full power transmission should not rely only on antenna virtualization techniques such as option 1-1
Conclusion
In this contribution, we have provided some initial results on how the benefits of benefits of UE antenna virtualization vary with antenna configuration for non-coherent transmission.  We found that the gain for antenna virtualization using option 1-1 varies significantly when different UE antenna configurations are used, such that there is essentially no gain in one of the configurations.  We made the following observations:
Observations:
· To support full UE antenna implementation freedom, it is appropriate to consider a wide variety of UE antenna configurations when investigating UL MIMO related enhancements.
· The gain for antenna virtualization using option 1-1 varies significantly when different UE antenna configurations are used.

Given these observations, we propose:

Proposal:
· Rel-16 full power transmission should not rely only on antenna virtualization techniques such as option 1-1
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