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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 RAN1#94bis [2], there were some discussions on the potential solutions for full Tx power UL transmission, and some agreements were made which were updated in RAN1#95 meeting [3]: 

[image: image2]
In this contribution, we will discuss UE RF architectures and some potential proposals 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

· Implementation complexity/cost at UE side
· 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 of UE with a specific power class is P. There are various potential 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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In RAN1#95 meeting, the scaling rule of power control mechanism for Rel-15 NR is updated so that full power transmission can be achieved for non-codebook based UL MIMO via antenna virtualization. Thus the following discussion on full power transmission focuses on the codebook based UL MIMO.
For codebook based UL MIMO, there were some proposals for the full power transmission during the Rel-15 and Rel-16 discussions [2-6]. However, different proposals are applicable for different architectures. The following table lists whether or not each scheme is applicable for a specific UE RF architectures.
	
	
	UE coherence capability
	4-1
	4-2
	4-3
	4-4
	4-5

	Rel-15 scheme
	
	fullyAndPartialAndNonCoherent
	Y
	Y
	Y
	Y
	Y

	
	
	partialAndNonCoherent
	Y
	Y
	Y
	Y
	Y

	
	
	nonCoherent
	Y
	Y
	Y
	Y
	Y

	Option 3
	Proposal of [4]
	fullyAndPartialAndNonCoherent
	Y
	Y
	Y
	Y
	Y

	
	
	partialAndNonCoherent
	N
	Y
	Y
	N
	N

	
	
	nonCoherent
	N
	N
	Y
	N
	N

	
	Proposal of [5]
	fullyAndPartialAndNonCoherent
	Y
	Y
	Y
	Y
	Y

	
	
	partialAndNonCoherent
	N
	Y
	Y
	Y
	N

	
	
	nonCoherent
	N
	N
	Y
	Y
	N

	
	Proposal of [6]
	fullyAndPartialAndNonCoherent
	Y
	Y
	Y
	Y
	Y

	
	
	partialAndNonCoherent
	N
	Y
	Y
	N
	N

	
	
	nonCoherent
	N
	N
	Y
	N
	N

	Option 1-1 [2]
Option 4 [2,3]
	
	fullyAndPartialAndNonCoherent
	Y
	Y
	Y
	Y
	Y

	
	
	partialAndNonCoherent
	Y
	Y
	Y
	Y
	Y

	
	
	nonCoherent
	Y
	Y
	Y
	Y
	Y

	Option 5 [3]
	
	fullyAndPartialAndNonCoherent
	Y
	Y
	Y
	Y
	Y

	
	
	partialAndNonCoherent
	Y
	Y
	Y
	Y
	Y

	
	
	nonCoherent
	Y
	Y
	Y
	Y
	Y


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 applicable for different UE RF architectures. However, the proposals for [4-6] can only be used for some UE RF architectures. In contrast, Optional 1-1, Option 4 and Option 5 of [2, 3] are applicable for all the above-mentioned RF architectures. 
On the other hand, RAN4 may define some specific UE RF architecture(s). For example, RAN4 agreed that only one UE RF architecture is supported for power class 2 (PC2) UE with 2 Tx antennas in Rel-15 as follows [7][8]:

[image: image5]
Generally speaking, the RF architectures are up to UE implementation (except some special cases, e.g., the 23+23 dBm for PC2 UE in Rel-15) as long as it can achieve the satisfying performance (e.g., pass the RAN4 testing cases). Therefore, RAN1 power control mechanism should be applicable for all typical RF architectures and should not preclude some RF architectures from the potential benefits of full Tx power transmission. That is to say, the RAN1 power control schemes should be independent of specific RF architecture(s).
Furthermore, UL coverage enhancement is important for all eMBB UEs. Thus any UE should benefit from Rel-16 potential enhanced mechanism and provide better UL coverage.

Based on the discussions, we have the following proposal:
Proposal 1: Rel-16 power control scheme for full Tx power transmission should be independent of specific RF architecture(s)
· It should be applicable for all typical RF architectures and should not preclude some RF architecture(s) from the potential benefits of full Tx power transmission
According to the principle of Proposal 1, any power control mechanism requiring the use of full rated PA(s) (e.g., Option 3 is not attracting from the perspective of UE implementation. Thus Option 3 requiring full rated PA should be precluded from Rel-16.

Observation 1: Any scheme based on Option 3 requiring full rated PA is only applicable for a specific RF architecture and prevents the potential improvement from other UEs, which are not attracting from the view of UE implementation and user experience. 

Option 2 cannot support the full Tx power transmission since the power control is after the precoding. Thus it is not a standalone solution. However, Option 2 can be combined with Option 1-1 or Option 1-2.  
The real transmit power of Option 5 is based on UE implementation and the network may not aware the UE’s decision of power scaling. One potential disadvantage is the increase of intra-cell interference since network cannot control or does not know the power scaling. Thus Option 5 is not attracting from the view of the whole system performance.
Based on the above discussion, we can see that only Option 1-1 and Option 4 may be suitable and beneficial for Rel-16 UEs. Thus we did some link-level simulations to evaluate the performance to justify the potential benefits. Here are some simulation assumptions
· Channel Model:  TDL-C with delay spread 300ns
· Frequency: 3.5GHz

· Velocity: 3km/h

· Waveform:  CP-OFDM

· Allocated BW: 20 PRBs

· Model of relative phase error: uniform distribution [-X,  X],  X=900, 1800
For Option 4, we consider the following mechanism in our evaluation: If NW indicates a precoder with some zero-entry (e.g., [1, 0]), then UE will use all Tx antenna with small CDD for transmission.
For the non-coherent UE with 2 Tx antennas, we evaluate two different schemes of PUSCH. The difference between them are the different sets of precoders used for PUSCH tranmission 

· One is with the subset of precoders dedicated for non-coherent case ( e.g., TPMI index 0-1 for 2 Tx)

· The other uses all precoders (e.g., TPMI index 0-5 for 2Tx), which is a scheme belonging to Option 1-1
The simulation results are illustrated in Figure 1-3. The difference of Figure 1-3 is that different number of Rx antennas are used in the simulation. From Figure 1-3, we can see:
· Even for the worse case of uniform distribution [-1800,  1800], the precoders with index 2-5 can provide obvious gain compared to the use of only non-coherent precoders

· For a typical case of uniform distribution [-900,  900], if the precoders with index 2-5 are used, the performance difference between full coherent UE and non-coherent is marginal
· As the number of Rx antennas at gNB is larger than that of UE Tx antennas, the performance gap between the non-coherent UE with precoder index 2-5 and the full coherent UE are marginal. 
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Figure 1: Spectrum efficiency for UE with 2 Tx ( 2 Rx at gNB)
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Figure 2: Spectrum efficiency for UE with 2 Tx ( 4 Rx at gNB)
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Figure 3: Spectrum efficiency for UE with 2 Tx (8 Rx at gNB)

Based on the above discussion, we can have the following observations:

Observation 2: For the non-coherent UE with 2 Tx antennas, Rank-1 PUSCH transmission from both Tx antennas will offer considerable performance gain compared to the scheme only using non-coherent precoders

Observation 3: For Rank-1 PUSCH transmission of UE with 2 Tx antennas, if the number of Rx antennas at gNB is larger than that of UE Tx antennas, the non-coherent UE with precoder index 2-5 can almost achieve the same performance as the full coherent UE
The simulation results for UE with 4 Tx are illustrated in Figure 4-6, and we can have similar observations as that for UE with 2 Tx. 
Furthermore, we can have the similar results and observations for PUSCH transmitted from all Tx antennas based on small delay CDD (Option 4).  For example, it is also shows significant performance gain over the current Rel-15 non-coherent PUSCH. Compared to Option 1-1, for the uniform distribution [-1800,  1800], Option 4 almost has the same performance. For the uniform distribution [-900,  900], Option 4 has a slight performance loss compared to Option 1-1.
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Figure 4: Spectrum efficiency for UE with 4 Tx (2 Rx at gNB)
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Figure 5: Spectrum efficiency for UE with 4 Tx (4 Rx at gNB)
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Figure 6: Spectrum efficiency for UE with 4 Tx (8 Rx at gNB)

Based on the above discussions and simulation results, we have the following proposal:

Proposal 2: Rel-16 supports Option 1-1 for full Tx power transmission

· Option 4 is also an acceptable solution

For Rel-16, the support of multiple Tx panels at UE side is an important 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 to more Tx power. 

Therefore, how to reduce the power consumption needs to be further studied 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 mechanisms and UE RF architectures. Based on the discussions and simulation results, we propose the following observations and proposals:

Observation 1: Any scheme based on Option 3 requiring full rated PA is only applicable for a specific RF architecture and prevents the potential improvement from other UEs, which are not attracting from the view of UE implementation and user experience. 

Observation 2: For the non-coherent UE with 2 Tx antennas, Rank-1 PUSCH transmission from both Tx antennas will offer considerable performance gain compared to the scheme only using non-coherent precoders

Observation 3: For Rank-1 PUSCH transmission of UE with 2 Tx antennas, if the number of Rx antennas at gNB is larger than that of UE Tx antennas, the non-coherent UE with precoder index 2-5 can almost achieve the same performance as the full coherent UE
Proposal 1: Rel-16 power control scheme for full Tx power transmission should be independent of specific RF architecture(s)
· It should be applicable for all typical RF architectures and should not preclude some RF architecture(s) from the potential benefits of full Tx power transmission
Proposal 2: Rel-16 supports Option 1-1 for full Tx power transmission

· Option 4 is also an acceptable solution
Proposal 3: Strive common mechanism(s) for single-panel UE and multi-panel UE.
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Agreement


Consider the following potential solutions and other solutions (such as combination of the solutions below) for UL full power transmission. 


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 with UE capability signalling of full power transmission in UL


Option5: For the precoders with 0 entries, the linear value � EMBED Equation.DSMT4  ���� QUOTE � �� of a PUSCH transmission power is scaled by a ratio (Rel-16.  The value of (Rel-16 is selected up to UE implementation within the range of [(Rel-15, 1],  where (Rel-15 is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of configured antenna ports for the PUSCH transmission scheme as defined in NR Rel-15 specification.  


UE is required to maintain consistent (Rel-16� QUOTE � �� value on different occasions of PUSCH transmissions with the same precoder for PUSCH





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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