[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #95			R1-1812922
Spokane, USA, November 12th – 16th, 2018 

Agenda Item:	7.2.8.4
Source:	Apple
Title:	Considerations on supporting full Tx power UL transmission
Document for:	Discussion/Decision
Introduction
As part of Rel-16 MIMO enhancement [1], RAN1 needs to find solutions in order to allow full power transmission

	
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)



In RAN1 #94bis meeting, further progress has been made regarding to the support of full power PUSCH transmission with the following options [2]

	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 contribution, we provide our view on this topic
Support of PUSCH Full Power Transmission
From the design perspective, there are two related issues in Rel-15 NR specification that lead to the fact that UE may not be able to transmit at full power when UE only supports non-coherent or partially coherent antennas

1. Transmit precoder codebook design: the transmit precoder in 212 is designed such that the energy is not normalized to 1. This issue together with the following power control rule causes the problem.
2. Power control: power control rule in 213 requires scaling the PUSCH transmit power by the ratio of non-zero PUSCH ports to total configured ports. Clearly, this design can prevent the UE from transmitting at full power when UE is only transmitting from a subset of the configured antenna.
 
Even though specification can be easily modification to reflect desired UE behavior, the fundamental difficulty lies in the fact that UE may have different PA architecture in order to support non-coherent or partial coherent UL MIMO. Using 2 antenna UE as an example. The solution that provides the most flexibility is to use full rated PA for each antenna, i.e. 23dBm. However, this solution has the highest cost. A least costly solution is to use half rated PA for each antenna, i.e. 20dBm which is the most difficult to support full power transmission. UE can also have one full rated and one half rated PA as compromise between cost and complexity/performance. Figure 1 illustrates the different possible PA architecture.
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Figure 1 Different PA architecture for non-coherent or partially coherent multiple Tx antenna UE

It is clear that combinations are much more for 4 Tx antenna UE. Therefore, to support PUSCH full power transmission, the most challenging part is to support all the possible UE PA architectures

Open Loop Beam Forming Solution for PUSCH Full Power Transmission
Virtual PA concept can be used to support PUSCH full power transmission. For example, 2 half rated PA  can be used as a virtual PA that is capably of full power transmission. All the open loop beam forming scheme can be used to achieve this goal. Without going into detail, we briefly discuss some open loop beam forming schemes

1. Antenna switch: if UE has at least one full rated PA, the PA can be switched between different antenna in order to support full power transmission. There could be some switching delay needed.
2. Small delay CDD: This scheme transmits the same signal from two antennas with small delay between them. When delay is properly chosen, this scheme can provide even better performance due to diversity gain. 
3. Open loop beamforming or precoder cycling: This scheme transmits the same signal from two antennas with precoding. The precoder can be adapted open-looply in order to improve performance. Precoder cycling can also be used in time domain in order to improve diversity. 
4. Space time coding: Space time code such as Alamouti scheme allows the signal to be transmitted from two antennas without the knowledge of channel at the transmitter. However, this scheme is not transparent as small delay CDD or open loop precoding. Space time code requires the receiver to process the received signal jointly in order to recover the transmitted data. It also requires the receiver to estimate multiple channels. Space time code is not part of NR-15 NR, unlike UMTS and LTE.

Based on the above discussion, it is reasonable to say that signal processing techniques already allow UE to support full power PUSCH transmission with open loop beam forming schemes. However, we think further enhancement such as PHR reporting can be studied in the current Rel-16 MIMO enhancement WI. 

Proposal 1: To support PUSCH full power transmission, Option 4 (Up to UE implementation) should be agreed. Further enhancement such as PHR reporting can be studied 

Conclusion
In this contribution, we discuss the support of full power PUSCH transmission as part of Rel-16 MIMO enhancement WI. We have the following proposals

Proposal 1: To support PUSCH full power transmission, Option 4 (Up to UE implementation) should be agreed. Further enhancement such as PHR reporting can be studied 
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