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Introduction
In the last meeting, different UE capabilities to allow full power UL transmission was agreed and details on capability reporting and design to support full power transmission are TBD [1]: 
[bookmark: OLE_LINK27]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).
In this paper, we analyse the options to be down-selected for supporting full power transmission, and give our preference on the options. 

Codewords to be enhanced to support full power transmission
We list the status of the codewords that support and don’t support full power transmission in Rel-15 as in Table 1 for UE with different coherent capability.
Table 1. Codewords support and don’t support full power transmission in Rel-15
	
	Rank-1 PUSCH
	Rank-2 PUSCH
	Rank-3 PUSCH
	Rank-4 PUSCH

	
	FC CWs
	PC CWs
	NC CWs
	FC CWs
	PC CWs
	NC CWs
	FC CWs
	PC CWs
	NC CWs
	FC CWs
	PC CWs
	NC CWs

	4Tx FC UE
	Y
	N
	N
	Y
	Y
	N
	Y
	Y
	N
	Y
	Y
	Y

	4Tx PC UE
	-
	N
	N
	-
	Y
	N
	-
	Y
	N
	-
	Y
	Y

	4Tx NC UE
	-
	-
	N
	-
	-
	N
	-
	-
	N
	-
	-
	Y

	2Tx FC UE
	Y
	-
	N
	Y
	-
	Y
	-
	-
	-
	-
	-
	-

	2Tx NC UE
	-
	-
	N
	-
	-
	Y
	-
	-
	-
	-
	-
	-



The entries in the table marked with “N” implies that it does not support full power transmission. Among all the codewords marked with “N”, we need to identify if all these codewords should be enhanced to support full power transmission. In last meeting, it has determined that at least for non-coherent and partial/non-coherent capable UEs, full power should be supported. But whether this applies for the entire codebook or subset of codebook should be further studied such as if codewords for higher rank should also be enhanced.

[image: ]
Figure 1.Total transmit power of different rank for non-coherent UE in R15
[bookmark: OLE_LINK21]In Figure 1, we can see that for non-coherent UE, only the codeword of rank 4 can achieve full power transmission. The total power of codeword of rank 2 is reduced by 3dB relative to that of rank 4, and total power of codeword of rank 1 is further reduced by 3dB relative to that of rank2. Due to the imbalanced total power for different ranks, it is difficult to implement rank adaption, which will impact the UL transmission performance. Based on the above discussion, we have the following proposal
Proposal 1: Full power transmission should be considered for all ranks for partially / non-coherent UE.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]For full coherent capable UE, it can support three types of codewords which are full coherent/partial coherent/non coherent codewords. And among all these codewords, at least full coherent codewords can support full power transmission. Whether partial coherent/non coherent codewords should also be enhanced to support full power transmission is FFS. In our opinion, for full coherent capable UE, partial coherent/non coherent codewords are mostly likely used for the antenna blocking scenario. In this case, the transmit power of the antennas that are blocked by some objects should be boosted to other antennas so that full power can be utilized especially for the coverage limited UE. This principle also applies for partial capable UE.
[bookmark: _GoBack]Proposal 2: For full coherent capable UE, partial coherent/non coherent codewords should also be enhanced to support full power transmission.
Discussion on UE capabilities to support full power transmission
In LTE, there was an LS from RAN4 showing that UE capability 1, 2 and 3 are all supported [2]. One thing is worth noting that the UE capability 1/2/3 here only means different UE antenna/PA architectures, the detailed capability signaling or reporting is still FFS as mentioned in the agreement in last meeting. 
UE capability 1 and 3 support full power UL transmission with similar behavior, such as using partial antenna ports with full rated PA, while UE capability 2 supports full power transmission via all antenna port with port virtualization. In our view, all the three capabilities have their use case and need to be supported.
Proposal 3: All of UE ‘capability’ 1, 2 and 3 in previous agreements should be supported for full power transmission.
Signaling design on UE capability reporting



[bookmark: OLE_LINK1]For the UE capability reporting, as discussed above the ‘UE capability 1/2/3’ is only represent 3 categories of antenna/PA architectures. But simply reporting the three UE capabilities cannot enable gNB to get sufficient knowledge of UE’s concrete PA architecture. Thus, gNB cannot instruct UE to implement full power transmission correspondingly. Take 4Tx UE as an example, for ‘UE capability 2’, UE with four PAs with 20 dBm could use *[1 0 1 0] to achieve full power, but UE with four PAs with 17 dBm could use 1/2*[1 1 1 1] to achieve it. Furthermore, to support rank-2 transmission with full power, UE with four PAs which are 20 dBm, 20 dBm, 17 dBm, 17 dBm could use , but UE with four PAs with 17 dBm could use  to achieve it. Based on the above example, we can see that if UE only reports ‘UE capability 2’, gNB cannot differentiate whether the UE is with four PAs of 20 dBm or with four PAs of 20 dBm. And it cannot indicate which codeword for the UE to achieve full power transmission.  So, other capability signaling mechanism should be considered to support full power transmission. 
In the following, we discuss the UE capability reporting design for full power transmission. To achieve full power transmission, different UE may have various implementations, e.g., relying on single high rated PA or virtualized port across multiple PAs through small delay CDD. But if UE informs gNB about its exact implementation information as the capability signaling and gNB then instructs UE to perform full transmission according to its implementation manner, the design and signaling will be very complicated to incorporate all possible implementation methods. To simplify the design, there is no need to dedicatedly design various full power transmission capability signaling and related transmission mechanism. A unified and transparent method is preferred. Codeword that support full power transmission can be regarded as the consequent port virtualization manner regardless of various implementation methods, thus it can be used as a unified capability signaling to enable full power transmission. This codeword only notifies gNB that if this codebood is scheduled, the full power can be achieved. Despite the UE real PA architecture and implementation is completely transparent to gNB, gNB can still have the same understanding with UE on the transmission power when the codeword is applied to perform accurate link adaptation.
To be more specific, as shown in Figure 2, 2Tx UE with ‘UE capability 1/3’ can report codeword [1 0] to support full power transmission with 1 full-rated PA. Also, 2Tx UE or 4Tx UE with ‘UE capability 2’ can also report [1 0], since UE has the capability to perform virtualization (or small delay CDD) to synthesize across non-coherent antennas to form a port supporting maximum 23dBm power. 
[image: ]
Figure 2. UE capability reporting design for 2Tx


As shown in Figure 3, 4Tx UE with ‘UE capability 1/3’ can report codeword [1 0 0 0] to support full power transmission with 1 full-rated PA. UE with four 17 dBm PAs and ‘UE capability 2’ can report * [1 0 1 0], since UE has the capability to perform virtualization (or small delay CDD) to synthesize across non-coherent antennas to form two ports, where each of the two ports can supporting maximum 20 dBm power. UE with four 20 dBm PAs and ‘UE capability 2’ can also report * [1 0 1 0], where each of the 2 non-zero ports is related to a 20 dBm PA.
[image: ]
Figure 3. UE capability reporting design for 4Tx
With the proposed UE capability reporting, even if the UE real PA architecture may be completely transparent to gNB, gNB can still have the same understanding with UE on the transmission power when codeword [1 0] is applied to perform accurate link adaptation. 
Proposal 4: A UE capability reporting for full power transmission can be through reporting the capability of codewords, such as reporting UE have the capability of [1 0] means supporting full power transmission on one of antenna ports.

Full power transmission scheme 
As listed in the previous meeting, five options are discussion (actually 6 options, where Option 1 include 1-1 and 1-2) [3]:
Agreement
Several options or combination of the options from the last two meetings are listed for further discussion:
· 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
· Option 5: For the precoders with 0 entries, the linear value  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 value on different occasions of PUSCH transmissions with the same precoder for PUSCH
However, only refine the codebook or only adjust power control mechanism may not address the issue for full power transmission. For example, Option 2 alone is meaningless, since it is transparent for spec and can be actually applied only if some new codewords can be supported to indicate this transmission scheme. Moreover, relying on UE implementation to achieve full power transmission, e.g., option 4 and 5, it is completely up to UE implementation to achieve full power transmission which will lead to the misalignment understanding between gNB and UE. And gNB cannot perform accurate link adaptation accordingly. The complete solutions can be following ones:
· Alt-1: Option 2 + Option 1-1;
· Alt-2: Option 3 + Option 1-2;
· Alt-3: Option 2 + Option 1-2
Considering that ‘UE capability 2’ could use Option 2 to support full power transmission, Option 2 can be considered and needs to be combined with other options to make it work. One alternative is to combine Option 2 with Option 1-1 (i.e., Alt-1: Option 2 + Option 1-1). However, through the introduction of a new codebooksubset to indicate the new transmission scheme with small delay CDD requires more standard impact. 
Another alternative is to combine Option 2 with Option 1-2 (i.e., Alt-3: Option 2 + Option 1-2). When the codeword with additional scaling factor is indicated, UE can perform with Option 2 to support full power transmission, where each SRS or PUSCH port is virtualized from the two antennas.
Furthermore, for ‘UE capability 1/3’, Option 3 should be used with Option 1-1 (i.e., Alternative-2: combination of Option 1 and Option 3), otherwise if the power control mechanism satisfies full power transmission for low rank (rank 1 or 2) for non-coherent and partially-coherent UEs defined in Rel-15, the transmission power for higher rank will be more than the maximum power. In our companion contribution [4], we provided the comparison between Alt-1 and Alt-2, where Alt-2 (Option 3 + Option 1-2) is much better (2 dB gain for BLER) than Alt.1 (i.e., Option 2+ Option 1-1) for the cases that one of antennas is blocked. Furthermore, the power on the antenna which is blocked will be wasted in Alt-1. So, Alt-2 (i.e., Option 3 + Option 1-2) should be supported.


Based on the above capability reporting mechanism, the codewords defined in the UE capability reporting can be defined in the TPMI, either by adding a new code point in TPMI corresponding to the codeword reported by UE or by replace one of the current codeword, such as, current codeword *[1 0] can be replaced by codeword [1 0], in this case whether to use full power transmission accords to the TPMI in DCI. For example, a 2Tx UE reports codeword [1 0] for full power transmission, and when the codeword [1 0] is indicated in DCI, both UE and gNB will assume that full power transmission is performed. When codeword [0 1] is indicated, both UE and gNB will assume that power control used in Rel-15 is assumed. 
Proposal 5: For UE ‘capability’ 1 or 3, the Alt-2 (i.e., Option 3+Option 1-2) should be supported; for UE ‘capability’ 2, Alt-3 (i.e., Option 2 + Option 1-2) should be supported.
In the case that UE is in cell edge or with low SINR, boosting power for PUSCH transmission may be beneficial. However, in the case that the UL channel is with good quality or high SINR, there is no performance loss even for transmission with power scaling. If we still use full power, the power consumption on UE will increase and additional inter-UE or inter-cell interference will be introduced due to the unnecessary power transmitted. So, whether it is beneficial to support boosting power or not depends on current UL channel condition and the UL scheduling. 
Other than the explicit signaling to indicate full power transmission or not, there is no additional signalling bits on the implicit way. The implicit way requires that both gNB and UE have a common understanding on whether to use the full power or not for each PUSCH transmission instance, which can be decided based on current channel quality.
We give an example on how to determine the full power transmission or not based on current channel quality. It is known that if the UE will transmit PUSCH with the power close to maximum transmission power, it means the UE is in the low SINR region. So, it make sense to let UE support full power transmission to enhance the system performance at this case. It has been supported in Rel-15 that the power used for PUSCH transmission can be reported by UE periodically, such as, the power headroom (PH) representing the differential between the maximum transmission power and current PUSCH transmission power can be reported by UE, so gNB can get the same knowledge as UE on the power used for PUSCH. In this case, both gNB and UE can have a common understanding to use the full power or not. 
Based on the common understanding, since the power for PUSCH transmission can be dynamically modified by UL power control, gNB can determine whether to use full power transmission without introducing additional signalling.
A threshold of whether to enable full power transmission according to the PHR should be defined. In current PC, for power class 3, only 20 dBm can be used for 2Tx non-coherent UE or 4Tx partially-coherent UE, so when the PH is smaller than 3 dBm, UL transmission with larger than 20 dBm should be supported and full power transmission scheme is enabled. For 4Tx non-coherent UE, only 17 dBm can be used, so when the PH is smaller than 6 dBm, UL transmission with larger than 17 dBm should be supported and full power transmission scheme is enabled.
Proposal 6: The codeword reported by UE for full power transmission capability is added in the TPMI, and when the codeword is indicated in DCI and PHR≤xdBm, scaling factor in power control mechanism is 1.
· For 2 configured antenna ports with non-coherent capability UE or 4 configured antenna ports with partially-coherent UE, x=3.
· For 4 configured antenna ports with non-coherent capability UE, x=6.

Summary of discussions
Based on the above discussion, we have the following observations and proposals: 

Proposal 1: Full power transmission should be considered for all ranks for partially / non-coherent UE.
Proposal 2: For full coherent capable UE, partial coherent/non coherent codewords should also be enhanced to support full power transmission.
Proposal 3: All of UE ‘capability’ 1, 2 and 3 in previous agreements should be supported for full power transmission.
Proposal 4: A UE capability reporting for full power transmission can be through reporting the capability of codewords, such as reporting UE have the capability of [1 0] means supporting full power transmission on one of antenna ports.
Proposal 5: For UE ‘capability’ 1 or 3, the Alt-2 (i.e., Option 3+Option 1-2) should be supported; for UE ‘capability’ 2, Alt-3 (i.e., Option 2 + Option 1-2) should be supported.
Proposal 6: The codeword reported by UE for full power transmission capability is added in the TPMI, and when the codeword is indicated in DCI and PHR≤xdBm, scaling factor in power control mechanism is 1.
· For 2 configured antenna ports with non-coherent capability UE or 4 configured antenna ports with partially-coherent UE, x=3.
· For 4 configured antenna ports with non-coherent capability UE, x=6.

References
3GPP, “RAN1 AdHoc#1901 Meeting Chairman’s Notes”, Taipei, January 21th – 25th, 2019.
R4-093422, “LS Response to R1-092984 on UE Power Amplifier configurations for multiple transmit antennas in LTE-A”.
3GPP, “RAN1#95 Meeting Chairman’s Notes”, Spokane, USA, November 12th – 16th, 2018.
R1-1903103,” Evaluation results of full power transmission for UL MIMO with multiple PAs”, Athens, Greece, Feb 25 - March 1, 2019
oleObject1.bin

image3.wmf
10

01

1

00

2

00

éù

êú

êú

êú

êú

ëû


oleObject2.bin

image4.wmf
10

01

1

10

2

01

éù

êú

êú

êú

êú

ëû


oleObject3.bin

image5.png
UE capability reporting
via a codeword

(o<
e[ PA
e

PA port 0

UE antenna architecture

23dB PA |— PA

UE capability

PA port 1
UE capability 3

UE capability

20daB | PA |—

PA |
UE capability 2





oleObject4.bin

oleObject5.bin

image6.png
UE capability reporting
via a codeword

PA PA

PA

UE antenna architecture

PA_ |

PA_|— PA_|—

PA_ |

PA_|— PA_|—

UE capability 2

UE capability 1 UE capability 2 _ UE capabiliy 3





oleObject6.bin

oleObject7.bin

image1.emf
























0

0

0

1

2

1

























0 0

0 0

1 0

0 1

2

1

-3dB -3dB

























1 0 0 0

0 1 0 0

0 0 1 0

0 0 0 1

2

1

rank=1

rank=2

rank=4

Total power

Total power


image2.wmf
1/2


