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1. Introduction
At the RAN1#94bis meeting, full Tx power UL transmission was discussed and following agreements were made [1].
[RAN1#94bis]
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)


At the RAN1#95 meeting, the following agreements were made [2].
[RAN1#95]
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
· This specification support is a UE optional feature
· FFS: Whether this applies for the entire codebook or subset of codebook
Agreement
Full TX power UL transmission, one additional option (option 5) is added

Option5: 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
Agreement
Full TX power UL transmission, option 4 is updated as follows
Option 4: Up to UE implementation with UE capability signalling of full power transmission in UL (no specification impact)


At the RAN1#AH1901 meeting, the following agreements were made [3].
[RAN1#AH1901]
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).


At the RAN1#96 meeting, the following agreements were made [4].
[RAN1#96]
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

[bookmark: _Hlk524526354]In this contribution, we discuss further on the full Tx power UL transmission. Single-layer UL transmission is discussed in Sect. 2, and Two-layer UL Transmission is discussed in Sect. 3.
2. Single-layer UL Transmission with Full Tx Power
2.1 UE capability 2
In the above agreement, three possible UE capabilities are identified assuming different Tx chain architectures. UE with capability 1 has full rated PA on each Tx chain so that the UE can transmit with full power for any antenna port and any combination of antenna ports. UE with capability 2 does not have full rated PA, and multiple PAs need to be used together to achieve full power transmission e.g., using a small cyclic or linear delay at each antenna port. UE with capability 3 has full rated PA on a subset of Tx chains, and hence UE can transmit with full power at least for some antenna port(s) and/or antenna port combination(s). In these UE capabilities, supporting UE capability 1 and 3 for power class 3 is agreed in RAN1#96, and supporting of UE capability 2 is working assumption. In our understanding, UE with capability 2 can have lower implementation cost than UE with capability 1 or 3 since number of full rated PAs in capability 2 is smaller than that in capability 1 or 3. Therefore, we believe capability 2 should be supported in addition to capability 1 and 3. 

Proposal 1: 
· Confirm the following working assumption.
· [bookmark: _Hlk4687572]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)

For UE with capability 2, multiple PAs need to be used together to achieve full power transmission using a small cyclic or linear delay at each antenna port. Since the same delay is used within the coherent antenna ports, the number of delay to be specified/configured is different for the number of antenna ports and coherent subset. For example, the number of delay to be specified/configured is three for non-coherent capable UE with four antenna ports, one for partial coherent capable UE with four antenna ports, and one for non-coherent capable UE with two antenna ports. Also, the exact value of the delay can be different depending on the number of antenna ports and coherent subset. Hence, we believe how to determine the value of delay should be discussed for each cases. 
Proposal 2: 
· In UE capability 2, how to determine the value of delay should be discussed for each of following cases:
· Non-coherent capable UE with four antenna ports
· Partial coherent capable UE with four antenna ports
· Non-coherent capable UE with two antenna ports

2.2 UE capability 3 with antenna switching
Compared to UE with capability 3, UE with capability 2 would have lower performance in case of full power transmission because non-coherent antenna ports would need to be used together with a small cyclic or linear delay. On the other hand, at least for single layer transmission with full power, UE with capability 3 doesn’t need to use more than one antenna port since the UE has at least one full rated PA. One possible way for UE with capability 3 to enable full power transmission for any antenna port or antenna port combination is the antenna port switching, as described in Figure 1.

Figure[image: ] 1. Antenna port switching with UE with capability 3 for full power transmission
(single layer, four antenna ports)

[bookmark: _Hlk1136331]As illustrated in the Figure 1, when precoding matrix using only antenna port(s) with non-full rated PA (e.g. PA#1 in this example) is indicated, full rated PA (e.g. PA#0 in this example) is switched to the antenna port to transmit with full power. Hence, even if a UE is indicated the precoding matrix using antenna ports with non-full rated PA, the UE can transmit with full power by switching the antenna port for full rated PA. However, a certain time duration may be needed for the antenna port switching. If the antenna port switching for full rated PA takes longer processing time than the minimum duration from configured UL grant to PUSCH transmission, NW needs to configure UL grant so that the duration from the UL grant to PUSCH transmission is longer than the UE processing time for antenna port switching. Hence, we should study how long the necessary duration for the antenna port switching is. For reference, SRS antenna switching procedure is specified in Rel-15. In SRS antenna switching procedure, the minimum guard period between two SRS transmissions with antenna switching has been specified [5]. We believe the necessary duration for the antenna port switching for full power transmission can be the same order as the guard period for SRS antenna switching in Rel-15. Based on the above discussion, we would like to provide following proposals.
Proposal 3: 
· In UE with capability 3, the antenna port switching for full rated PA should be specified so that the UE can transmit with full power for any antenna port and antenna port combination.
· For UE with capability 3, the necessary time duration for the antenna port switching should be studied.

[bookmark: _Hlk4770729]2.3 How to signal the UE capabilities
In RAN1#96, two alternatives were agreed on how to signal the UE capabilities.
[RAN1#96]
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

In the case of UE capability 1, the UE can transmit with full power on any antenna port and antenna port combinations because the UE has full rated PA on each Tx chain. In the case of UE capability 2, the UE does not have full rated PA since multiple PAs are used together to achieve full power transmission. An information on which antenna ports UE has full rated PA is not necessary. In case of UE capability 3, if the antenna port switching is supported, the UE can transmit with full power on any antenna ports and antenna port combinations. An information on which antenna ports UE has full rated PA is not necessary. Therefore, for all UE capabilities, Alt1 is not necessary, and hence, Alt3 should be supported for all UE capabilities 1/2/3.
Proposal 4: 
· [bookmark: _Hlk4748705]Alt3 (UE capability signaling of power scaling schemes for full uplink power transmission) should be supported for all UE capabilities 1/2/3. 

3. Two-layer UL Transmission with Full Tx Power
In this section, we discuss how two-layer UL transmission can be enhanced with CDD for partial coherent UE with capability 2.  

3.1 Two-layer UL Transmission with CDD for Partial Coherent UE with capability 2
As per the agreements of option 1-1 and option 2 [1], supporting a new codebook subset for non/partial coherent transmission capable UEs and applying small cyclic delay are possible to achieve full power UL transmission. In fact, we can make use of these options to enhance UL received power for two-layer, 4 antenna port transmission with partial coherent UEs. As captured in Figure 2, two signals  and  are assigned to coherent antenna ports and  respectively. Further, the same signals are assigned to the other coherent antenna pair with CDD.   
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 Figure 2. Two-layer UL transmission with CDD for 4-port partial coherent UE 



Note here that, gNB assigns signals to antenna ports and  based on their respective channel gains (estimated using SRS). To clarify this further, let us assume channel gains are, ,  for ports, ,  and  respectively. As shown in Figure 2,  and  are a coherent pair while  and  are another coherent pair. Further, assume and . Now, if  is assigned to  in one coherent pair, in the other coherent antenna pair,  is assigned to . Interestingly, with a single additional bit in DCI, this port-signal mapping can be achieved. In fact, this type of port-signal assignment will result in further improving UL received power for both the streams and subsequently leading to higher sum-rates.

Regarding precoding, it is possible to reuse Rel. 15 two-layer, four antenna port codebook [6]. In particular, due to option 1-1 in [1], both partial and full coherent codewords can be used for identifying the precoder matrix  in Figure 2. Once is known, as shown in Figure 2,  and   can be identified.   and  can then be used as precoders for coherent antenna pairs. Due to CDD and port-signal mapping, the proposed approach can enhance achievable sum-rates compared to Rel. 15 two-layer, four port UL transmission with partial coherent UEs. Importantly, there is a minimum impact (1 bit port-signal mapping) to the current specification when implementing the proposed approach.

Proposal 5: 
· Consider CDD to achieve higher received power for two-layer, four antenna port UL transmission with partial coherent UE with capability 2.

4. Conclusion
In this contribution, we discussed on the full Tx power UL transmission. Based on the discussion, we made following proposals.
Proposal 1: 
· Confirm the following working assumption.
· 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)
Proposal 2: 
· In UE capability 2, how to determine the value of delay should be discussed for each of following cases:
· Non-coherent capable UE with four antenna ports
· Partial coherent capable UE with four antenna ports
· Non-coherent capable UE with two antenna ports
Proposal 3: 
· In UE with capability 3, the antenna port switching for full rated PA should be specified so that the UE can transmit with full power for any antenna port and antenna port combination.
· For UE with capability 3, the necessary time duration for the antenna port switching should be studied.
Proposal 4: 
· Alt3 (UE capability signaling of power scaling schemes for full uplink power transmission) should be supported for UE capabilities 1/2/3. 
Proposal 5: 
· [bookmark: _GoBack]Consider CDD to achieve higher received power for two-layer, four antenna port UL transmission with partial coherent UE with capability 2.
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e.a. Indicated precoding matrix

Pea = P (e.g. 23dBm) Tx antenna#0

Baseband Modulator PA#0 Y
Pra <P (e.g. 17dé<)
Baseband Modulator PA#1 V#l
Pra = P (e.g. 23dBm
Baseband Modulator PA#2 ©
Pra < P (e.g. 17dBm)
Baseband Modulator PA#3 s

P : UE maximum output power [dBm]
- e.g. 23dBm for PC3 UE
Pea : PA maximum output power [dBm]
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