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1 Introduction

In Rel-16 WID [1], the following objective for UL transmission power was agreed to be specified, 
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
Progress has been made for UL full power transmission in the last meeting and several options are listed for further consideration.
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 apply 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)
In this paper, we give simulation results and analyse on the potential solutions.
2 Performance on potential solutions
Based on the power control mechanism decided in Rel-15, only fully-coherent UE can support full power PUSCH transmission with rank-1. In order to let partially-coherent / non-coherent UE achieves the same maximum transmit power as fully-coherent UE, full power transmission should also be considered for partially-coherent / non-coherent UE especially for the coverage limited cases. 

In [2], we analyse the agreed options and provide two alternatives for addressing the full power issue for PUSCH transmission:
· Alt-1: Combining Option 2 and Option 1-1

· Alt-2: Combining Option 3 and Option 1-2

For Alt-1, non-coherent and partial coherent codewords are replaced by coherent codewords, and small delay CDD transmission is applied when these coherent codewords are indicated. For Alt-2, part of the antennas are used to support full power utilization for PUSCH transmission. 
Based on the above discussion, we provide the performance comparison between the two alternatives as mentioned above. The simulation assumes that UE has 2Tx with non-coherent capability and PUSCH transmission is fixed to rank-1, and more detailed simulation assumptions can be found in the appendix. And we also provide the evaluations for the case considering the modelling of UE’s one antenna blockage. 
In Figure 1 which is based on the case without antenna blocking, we can see that both of Alt-1 and Alt-2 provide substantial gain over current Rel-15 non full power PUSCH transmission mechanism since UE can use more power than Rel-15 for PUSCH transmission via either Alt-1 or Alt-2. 
In the case that both of the antennas are not blocked, Alt-2 with full power transmission in single antenna is slightly better than Alt-1 with small delay CDD on two antennas. The reason is that all the transmission power is concentrated to the optimal antenna which is selected by gNB based on the SRS measurement for Alt-2, while for Alt-1, the transmission power is scaled equally to all the antennas to support full power transmission. 

[image: image1.png]Performance of different options for full power UL transmission without blocking
14

—6— Non-full power PUSCH transmission in Rek15
|—&— All2:Full power PUSCH transmission via 1 of 2 NC ports
—#— AIL1Full power PUSCH transmission via 2 NC ports with SD-CDD

12

throughput(Mbps)





Figure 1. Performance of the candidate alternatives without blocking.
Observation 1: Alt-2 with full power transmission in single antenna is slightly better performance than Alt-1 with small delay CDD on two antennas, and both them much better than non-full power case.
However, as shown in Figure 2, in the case that one antenna is blocked, there is obvious performance loss of Alt-1 compared to Alt-2. The reason is that each of the antennas cannot utilize the maximum power in Alt-1, when one antenna is blocked, only half of the maximum power can be achieved. Meanwhile, for Alt-2, the antennas that are not blocked for the PUSCH transmission can be selected for PUSCH transmission and full power on the selected antennas can still be utilized. Therefore, Alt-2 outperforms Alt-1.
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Figure 2. Performance of the candidate alternatives with blocking.
Observation 2: Alt-2 with full power transmission in single antenna is much better performance than Alt-1 with small delay CDD on two antennas in the blockage cases, i.e., 2dB difference.
3 Summary of discussions
Based on the above discussion, we have the following observations: 
Observation 1: Alt-2 with full power transmission in single antenna is slightly better performance than Alt-1 with small delay CDD on two antennas, and both them much better than non-full power case.
Observation 2: Alt-2 with full power transmission in single antenna is much better performance than Alt-1 with small delay CDD on two antennas in the blockage cases, i.e., 2dB difference.
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Appendix A. Simulation assumptions
	Parameter
	Value

	Carrier frequency
	2GHz

	Subcarrier spacing
	15kHz

	Delay spread
	100ns

	System band
	10MHz

	Channel model
	TDL

	UE speed
	3km/h

	UE antenna configurations
	2Tx

	UE antenna pattern
	Omnidirectional

	BS antenna configurations
	2Rx

	Link Adaptation
	Enable

	Receiver
	MMSE


