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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]:
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In RAN1#94bis, #95 meetings [2][3], there were some discussions on the potential solutions for full Tx power UL transmission, and an agreement was made in RAN1 AdHoc 1901 [4]: 

[image: image2]
In RAN1#96 meeting, some further agreements and working assumption were made as follows[5]:
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In this contribution, we will continue discussing on the remaining issues regarding full transmit power control scheme(s).
2. Discussion
In RAN1 Ad-Hoc meeting 1901, three types of UE capabilities were discussed for PC 3. In RAN1#96, UE capability 1, 3 were agreed to support full power transmission while the support of full power transmission for UE capability 2 is agreed as a working assumption.
The main concern on UE capability 2 to support full power transmission is its performance. In order to address the concern, we do some link-level simulations to evaluate the performance to justify the potential benefits of UE capability 2. 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 the non-coherent UE with 2 Tx antennas, we evaluate two different schemes of PUSCH. The differences between them are the different sets of precoders used for PUSCH transmission 

· 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)

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. 

[image: image4.png]SE[bit/s/Hz]

-10

Specturm Efficiency (bit/s/Hz) for 2Tx2Rx

6.00

5 10 15 20 25 30 35
SNR[dB]

—e— Full coherent with {0-5} —e—Non-coherent [-90, 90] with {2-5}

—e— Non-coherent [-180, 180] with {2-5} —&—Non-coherent with {0-1}

40




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 1: 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 2: 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. 
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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 simulation results, we can see that the support of full transmission power for UE capability 2 will offer significant performance gains.  Thus we have the follow proposal:
Proposal 1: Confirm the working assumption: For PC3, UE capability 2 can support full power transmission. 
How to report the corresponding UE capability is an open issue. In RAN1#96 meeting, there are two main candidates as follows:
· Alt1: UE capability signaling of supported one or group of TPMI precoder(s)

· Alt3: UE capability signaling of power scaling schemes for full uplink power transmission

In order to discuss the solution(s), some examples of UE RF architectures belonging to different UE capabilities are illustrated as follows:
	
	2Tx
	4Tx

	UE capability 1
	2-1
	4-1

	UE capability 2
	2-2
	4-2, 4-3

	UE capability 3
	2-3
	4-4, 4-5, 4-6
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From the above table and figures, we can see that:

· For the same type of UE capability, different UEs may have different RF architectures
· For the same type of UE capability, some power control schemes may be applicable to some UEs while not applicable to the other UEs
Thus it is not attracting to specify dedicated solutions for each UE capability. To simplify the specification and UE/NW implementations, it is beneficial to define 1 or 2 common solutions which can cover all RF architectures which belong to the three UE capabilities.
In the current NR specification [6], the transmit power of codebook based PUSCH is adjusted by a scale factor before allocating the power to each antenna port, where the scale factor is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. This scheme is applicable to all these three UE capabilities.

To further enhance the power control by exploiting some advanced implementation of some kind of UEs, we can introduce a power control without such scaling (or equivalently the scale factor is always 1). This new scaling factor is applicable to UE capability 1. For UE capability 2, a new power scaling factor can also be introduced to support full Tx power in UL transmission, e.g. via antenna virtualization. Any solution applicable for UE capability 2 can also be used for UE capability 3.
These two different schemes are sufficient for NR Rel-16 power control. Thus we have the following proposal:

Proposal 2: For codebook based PUSCH, Rel-16 support the power control scheme where the transmit power is scaled with a factor before allocating power to each port. Three scale factors are supported in Rel-16
· Alt.1: Same scale factor as Rel-15 
· Alt.2: The scale factor is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the configured number of SRS ports for codebook based PUSCH
· Alt.3: The scale factor is 1
· Rel-16 UE reports its support of Alt.2 or/and Alt.3 via optional capability signaling

The main advantage of more transmit power is the coverage enhancement. On the other hand, more transmit power may lead to more UL interference within the NR systems. NW has more information about all the situation of the system than UE. Thus which alternative to be used should be chosen by network. 
Proposal 3: For codebook based PUSCH of a UE supporting Alt.2 or/and Alt.3, network can indicate UE via RRC signaling which alternative of Alt.1/2/3 is used for PUSCH power control.
For UE capability 2, only the scheme in Proposal 1 is not sufficient. One more enhancement should be the adjustment of codebook subsets. 
Proposal 4: For codebook based PUSCH, network can configure the codebook subset corresponding fullyAndPartialAndNonCoherent to all Rel-16 UEs.

3. Conclusion

In this contribution, we continue to discuss some remaining issues regarding full transmit power. Based on the discussion we have the following proposals:

Proposal 1: Confirm the working assumption: For PC3, UE capability 2 can support full power transmission. 
Proposal 2: For codebook based PUSCH, Rel-16 support the power control scheme where the transmit power is scaled with a factor before allocating power to each port. Three scale factors are supported in Rel-16

· Alt.1: Same scale factor as Rel-15 

· Alt.2: The scale factor is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the configured number of SRS ports for codebook based PUSCH
· Alt.3: The scale factor is 1

· Rel-16 UE reports its support of Alt.2 or/and Alt.3 via optional capability signaling

Proposal 3: For codebook based PUSCH of a UE supporting Alt.2 or/and Alt.3, network can indicate UE via RRC signaling which alternative of Alt.1/2/3 is used for PUSCH power control.

Proposal 4: For codebook based PUSCH, network can configure the codebook subset corresponding fullyAndPartialAndNonCoherent to all Rel-16 UEs.

4. References

[1] RP-182067, Revised WID: Enhancements on MIMO for NR.
[2] Chairman’s notes of RAN1 94bis
[3] Chairman’s notes of RAN1#95

[4] Chairman’s notes of RAN1 Ad-Hoc meeting 1901

[5] Chairman’s notes of RAN1#96

[6] 3GPP TS 38.213, NR; Physical layer procedures for control, V15.4.0  

Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)








Agreement


Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs. The support of this feature is indicated by the UE as part of UE capability signalling. For power class 3:


UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported with a new UE capability 


FFS: detailed power scaling description 


Note: Full Tx power means UE delivers total power of 23dBm for PC3


UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power with the new UE capability 


FFS: detailed design


UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported with a new UE capability


FFS: Whether all three capabilities will be specified or a subset will be specified


FFS: UE capability signalling/reporting details


Note: Two or more of the above capabilities could be merged depending on the further details


Send LS to RAN4 to provide their view on PC 2 applicability of the new UE capability (Rakesh, vivo).








Agreement


Note: UE capability 1, 2, 3 agreed in RAN1#AH1901 mean the PA architectures.


At least for PC3, UE capability 1, 3 can support full power transmission.


Working assumption: For PC3, UE capability 2 can support full power transmission.


Companies to check for any implementation issues and/or performance of Rel-16 full power transmission compared to Rel-15 non-coherent codebook subset uplink transmission)





Agreement


Down select among the following two alternatives by RAN1#96bis. As part of UE capabilities signalled the following is included:


Alt1: UE capability signaling of supported one or group of TPMI precoder(s)


Alt3: UE capability signaling of power scaling schemes for full uplink power transmission


Note: This does not imply any restriction on UE antenna virtualization


FFS: Whether full uplink power transmission needs to be supported for all precoders
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