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1. Introduction

For Rel-16 Enhancements on MIMO for NR, there is a task about the potential enhancement of UL transmission power control as follows [1]:

[image: image1]
In this contribution, we will discuss UE RF architectures and some potential proposals [2, 3, and 4] with their impacts on the UE implementation.
2. Discussion
Uplink power control is a fundamental feature for an efficient wireless communication systems. It will affect the cell coverage, UE pairing in MU-MIMO and UL interference within the system. Moreover, it will also affect UE implementation and power consumption. Thus any efficient power control mechanism should achieve a good trade-off among different factors, e.g. 

· UL interference within the system

· UL coverage

· Complexity/cost of UE implementation

· UE power consumption

On the other hand, some power control mechanisms rely on some specific UE RF architecture, and cannot be used for other UE RF architectures. Thus, the first step of UL power control enhancement is to have a common understanding on the target UE RF architecture(s), based on which new proposal(s) can be evaluated and specified if the benefits are justified.
Let’s assume the maximal total transmit power is P. There are various UE RF architectures where the amplifiers have the different capabilities of the maximal transmit power.

For a UE with 4 Tx antennas and 4 amplifiers, there are some potential UE RF architectures as follows (X represents the different coherency capability at UE side, e.g., fullyAndPartialAndNonCoherent, partialAndNonCoherent or nonCoherent):
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For a UE with 2 Tx antennas and 2 amplifiers, there are some potential UE RF architectures as follows (Y represents the different coherency capability at UE side, e.g.  fullyAndPartialAndNonCoherent or nonCoherent)
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There were some proposals for the full power transmission during the Rel-15 discussions [2-4]. However, different proposals are applicable for different architecture. The following table lists whether or not each scheme is applicable for a specific UE RF architectures (only consider codebook based PUSCH).
	
	UE coherence capability
	4-1
	4-2
	4-3
	4-4

	Rel-15 scheme
	fullyAndPartialAndNonCoherent
	Y
	Y
	Y
	Y

	
	partialAndNonCoherent
	Y
	Y
	Y
	Y

	
	nonCoherent
	Y
	Y
	Y
	Y

	Proposal of [2]
	fullyAndPartialAndNonCoherent
	Y
	Y
	Y
	Y

	
	partialAndNonCoherent
	N
	Y
	Y
	N

	
	nonCoherent
	N
	N
	Y
	N

	Proposal of [3]
	fullyAndPartialAndNonCoherent
	Y
	Y
	Y
	Y

	
	partialAndNonCoherent
	N
	N
	Y
	Y

	
	nonCoherent
	N
	N
	Y
	Y

	Proposal of [4]
	fullyAndPartialAndNonCoherent
	Y
	Y
	Y
	Y

	
	partialAndNonCoherent
	N
	Y
	Y
	N

	
	nonCoherent
	N
	N
	Y
	N


The above table clearly shows that the UE RF architecture will determine whether a power control scheme is applicable or not. The Rel-15 scheme is a general solution for different UE RF architectures. However, the proposals for [2-4] can only be used for some UE RF architectures. 
In order to ensure the Rel-16 design is practical, the first step is to determine which UE RF architecture(s) are our design target for Rel-16, which is the responsibility of RAN4. 

On the other hand, RAN4 may define some specific UE RF architecture(s). For example, RAN4 agreed that only one UE RF architectures are supported for power class 2 UE with 2 Tx antennas in Rel-15 as follows [5][6]:
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RAN1 power control mechanism should support the UE RF architecture(s) which are agreed/supported in RAN4 and RAN1 doesn’t need to design additional mechanism on some “imagined” UE implementations.

We take codebook based PUSCH as an example in the above discussions. Similar problem is also associated with non-codebook based PUSCH. One special issue with non-codebook based PUSCH is the UE capability whether the channel reciprocity is valid or not.

Based on the discussions, we have the following proposal:
Proposal 1: Send an LS to RAN4 to ask 
· What is the typical or target UE RF architecture(s)  in Rel-16 for the different UE coherence capabilities
· What is the typical or target UE RF architecture(s) in Rel-16  for different UE capabilities regarding channel reciprocity
UL coverage enhancement for cell-edge UE is the main motivation for UL power control enhancement. However, increase of single layer transmission will potentially lead to larger UL interference within the system and change UE pairing in UL MU-MIMO, which may affect the efficiency / throughput of the whole system. Therefore, any new enhancement should be carefully studied with various metrics and the benefits should be justified based on solid evaluation and simulation results.
Proposal 2: Discuss and converge to the basic simulation assumptions for the system-level evaluation of power control enhancement at least with the following metrics

· System efficiency (e.g., throughput)

· Coverage

· UE power efficiency
For Rel-16, the support of multiple Tx panels at UE side is an import feature. As for a multi-panel UE, its power consumption is a critical issue for better UE experience.
· For mmWave, the power efficiency of PA are relatively lower compared to sub-6GHz. 

· Multiple Tx panels usually mean multiple PAs, which may lead more Tx power. 

Therefore, how to reduce the power consumption needs to be further studied and specified within Rel-16 WI. The enhancement on power control mechanism should consider both single-panel UE and multi-panel UE, and a common solution is preferred.
Proposal 3: Strive common mechanism(s) for single-panel UE and multi-panel UE.
3. Conclusion

In this contribution, we provide some analysis on the power control mechanism and UE RF architecture. Based on the discussions, we propose the following proposals:

Proposal 1: Send an LS to RAN4 to ask 
· What is the typical or target UE RF architecture(s)  in Rel-16 for the different UE coherence capabilities

· What is the typical or target UE RF architecture(s) in Rel-16  for different UE capabilities regarding channel reciprocity
Proposal 2: Discuss and converge to the basic simulation assumptions for the system-level evaluation of power control enhancement with the following metrics

· System efficiency (e.g., throughput)

· Coverage

· UE power efficiency / power consumption
Proposal 3: Strive common mechanism(s) for single-panel UE and multi-panel UE.
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Only PA configurations of 23+23dBm for UL MIMO and 26dBm for 1Tx are supported by specification for NR TDD bands for PC2 UE in Rel-15
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