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1 Introduction

In RAN1 Ad-Hoc 1901 meeting [1], three UE PA architectures for full power transmission were agreed:

Agreement

· 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

In RAN1 96 meeting [2], the following agreement and working assumption were identified:
Agreement

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)

In RAN1 96bis meeting [3], the following agreement were further achieved.
Agreement

Supported UE capabilities and supported scheme for UE capability 1

· Option 3

· FFS: Whether to additionally support Option 1-2

Agreement

Regardless of UE capability 1, 2, or 3, signalling of “UL full power tx capability” is supported for UEs with full power uplink transmission capability

· FFS: For UE capability 1, if any other information is necessary

· For UE capability 2 and UE capability 3, in addition to signalling “UL full power tx capability”, further information on UE capability are signalled if needed

· FFS: Details such as support of UE capability signaling of supported one or group of TPMI precoder(s) for full power transmission, support different number of SRS ports for resources for codebook, and other UE capability signaling can be introduced

· FFS: Whether full uplink TX power capability can be explicitly/implicitly derived from the TPMI/TPMI group precoders for full power transmission

UEs with full power uplink transmissions are those Rel-16 UEs which can transmit at full power at least for rank1.

The signalling of above information does not imply any specific UE PA architecture implementation.

Agreement

RAN1 will select one of the alternative solutions below to support UE capability 2. Further clarification or details are needed for Alt1, Alt3-1, Alt3-2, and Alt5. Email discussion by 17th of April for companies to provide clarification on Alt1, Alt3-1, Alt3-2, and Alt5. To be coordinated by Rakesh (vivo).

· Alt1: Option1-1 (Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs, e.g. for 2Tx the new codeboookSubset is all non-antenna selection TPMIs or with only TPMI [1 1] for rank 1)

· Alt3-1: Option3+Option2 (Multiple SRS resources with different number of SRS port(s) in each resource)

· FFS: Whether to additionally support Option 1-2

· Alt3-2: Option3+Option2+ Option1-1 (Multiple SRS resources with different number of SRS port(s) in each resource)

· Alt5: FDM multi-port simultaneous transmission

The four potential solutions enabling full power transmission for capability 2 UE were further clarified and summarized in [4] through email discussion:
· Alt1: Option1-1 (Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs, e.g. for 2Tx the new codeboookSubset is all non-antenna selection TPMIs or with only TPMI [1 1] for rank 1)

· Small delay CDD, if applied, is transparent to RAN1 specification
· A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable, includes the TPMI precoders in codebookSubset = partialAndNonCoherent and fullyAndPartialAndNonCoherent defined in Rel-15
· Alt1: Only a subset of the non-antenna selection TPMI precoder(s) is(are) supported
· Alt2: All of the non-antenna selection TPMI precoders are supported
· Alt3-1: Option3+Option2 (Multiple SRS resources with different number of SRS port(s) in each resource)

· FFS: Whether to additionally support Option 1-2

· UE is configured with multiple SRS resources in a set each with different number of SRS ports, e.g. 1 SRS source is configured with 1 port and another SRS resource is configured with 2 ports for the UE with 2 Tx chains.

· UE virtualizes Tx chains when configured with an SRS resource that has fewer ports than the number of Tx chains, e.g. 2 Tx chains are virtualized to transmit 1 port SRS resource
· Small delay CDD or other virtualization mechanism is applied in spec transparent manner

· UE does not virtualize Tx chains when configured with an SRS resource with number of ports equal to the number of Tx chains, e.g. 2 Tx chains transmit 2 ports SRS resource.

· Alt3-2: Option3+Option2+ Option1-1 (Multiple SRS resources with different number of SRS port(s) in each resource)

· UE is configured with one SRS resource (without virtualization)

· gNB can configure the UE to use a subset of TPMIs that combine ports in a layer to produce full power transmission.

· A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable, includes the TPMI precoders in codebookSubset = partialAndNonCoherent and fullyAndPartialAndNonCoherent defined in Rel-15
· Alt1: Only a subset of the non-antenna selection TPMI precoder(s) is(are) supported
· Alt2: All of the non-antenna selection TPMI precoders are supported
· A different SRS port is transmitted on each Tx chain (small delay CDD maybe transparently applied)

· gNB can coherently combine channel estimates from SRS according to TPMI when determining CQI/TPMI/RI

· Alt5: FDM multi-port simultaneous transmission

· The scheduled RBs are divided into several RB sets, each of which is associated with a respective antenna port or antenna port set (ports of which should be coherent)
· E.g., four PRBs are allocated to the UE for one layer PUSCH transmission. UE only use antenna port 0 for PUSCH transmission in PRB#0 and PRB#1, while only use antenna port 1 for PUSCH transmission in PRB#2 and PRB#3. It also could be considered as that precoding matrix [1, 0] is applied for PRB#0 and PRB#1 while precoding matrix [0, 1] is applied for PRB#2 and PRB#3.
· This is applicable to both CP-OFDM and DFT-s-OFDM

· For DFT-s-OFDM, one DFT is applied to one RB set

· This does not have spec impact on PRB bundling

· The minimal size of a RB set is 1 RB
In this contribution, we provide some discussions on full Tx power UL transmission.

2 Full Tx power UL transmission
For PC2, in the LS [5], RAN4 said that they did not preclude any UE implementation for 2Tx UE, and they had no discussion and specification for 4 Tx UE. That is to say at least for 2Tx UE, all of the capability 1, 2 and 3 are supported. From our perspective, for both PC2 and PC3, all of the UE capability 1, 2, and 3 have application scenarios, and they all should be supported for full power transmission. 

Proposal 1: At least for 2Tx UE, All of the UE capability 1, 2, and 3 for both PC2 and PC3 should be supported for full power transmission. 
For capability 2 UE, four alternatives were down selected in RAN1#96 meeting, and further clarifications were provided and summarized through email discussion [4]. 
For Alt.1, basically it introduces the full coherent or partial coherent codebooks for non-coherent UEs only for the rank value(s) that cannot provide full power uplink transmission. Alt.1 is further classified into two sub-alternatives. Sub-alternative 1 only introduces a subset of the non-antenna selection TPMI precoders while sub-alternative 2 introduces all the non-antenna selection TPMI precoders. For example, for 2Tx non-coherent UE, sub-alternative 1 typically introduces TPMI [1,1] for rank 1, while sub-alternative 2 introduces TPMI [1,1], [1,-1], [1, j] and [1, -j] for rank 1. Whether sub-alternative 2 can provide further performance gain or not compared with sub-alternative 1 depends on to what extent the phase difference between the two antennas changes. If the phase difference changes in [-180, 180] degrees randomly, then there is no difference between the two sub-alternatives. If the phase difference changes in a smaller range of degrees, e.g., [-90, 90] degrees, then sub-alternative 2 may provide additional performance gain. However, there is no consensus which phase difference range is reasonable. Regardless of what the phase difference range is, for both sub-alternative 1 and sub-alternative 2, it is hard to guarantee that full power uplink transmission could be achieved since the combination of the signals from two antennas could be constructive or destructive.
For Alt 3-1, the issue is that the SRS overhead will increase especially considering that SRS resource is very shortage for us, and as a TDD operator we have to use the same UL-DL ratio with LTE and we do not want to use much uplink symbols for SRS since uplink is a bottleneck. 
For Alt 3-2, the issue is that the link adaptation performance cannot be guaranteed if only one SRS resource is used for both rank 1 with antenna virtualization and rank 2 without antenna virtualization. 
For Alt 5, we further explain some details of it. Take a PC2 UE with 2Tx (23dBm + 23dBm) as an example, the PUSCH resources allocated to the UE are split into two PRB sets, and each antenna port is used for PUSCH transmission in different RB set. For each PRB set, the transmission power could reach up to 23dBm and total PUSCH transmission power for the UE could reach up to 26dBm. As illustrated in the figure below, according to the resource allocation in the DCI format 0_1, four PRBs are allocated to the UE for one layer PUSCH transmission, and the PRBs could be contiguous or non-contiguous. UE only use antenna port 0 for PUSCH transmission in PRB set 0, while only use antenna port 1 for PUSCH transmission in PRB set1. It also could be considered as that precoding matrix [1,0] is applied for PRB set 0 while precoding matrix [0,1] is applied for PRB set 1.
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Figure. 1: Alt 5 - FDM multi-port simultaneous transmission

Alt 5 can be applied to both CP-OFDM and DFT-S-OFDM. Alt 5 applied for CP-OFDM is illustrated in Figure 2. It can be considered as that precoding matrix [1,0] is applied for PRB set 0 while precoding matrix [0,1] is applied for PRB set1.
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Figure 2: Alt5 for CP-OFDM
For DFT-S-OFDM, basically there are two methods to implement Alt5 as illustrated in the Figure 3(a) and Figure 3(b). In Figure 3(a), only one DFT is performed and then the data is mapped to different PRB sets, while in Figure 3(b), separate DFTs are performed for separate PRB sets. We think that the method in Figure 3(b) can provide better PAPR performance than the method in Figure 3(a) although with additional implementation complexity. 
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Figure 3(a): Alt5 for DFT-S-OFDM with one DFT operation for different PRB sets
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Figure 3(b): Alt5 for DFT-S-OFDM with seperate DFT operation for separate PRB set
For Alt 5, the resource allocation should at least include two PRBs. Some company raise the question that when Alt5 is applied to DFT-s-OFDM in Figure 3(b) one DMRS sequence or two DMRS sequences are used. In our understanding, one DMRS sequence in this case could be used for two PRB sets/antenna ports, but different ports use different parts of the DMRS sequence. Some company raise the question that whether Alt5 can be applied for 4Tx or not, our understanding is that Alt 5 can be extended to support 4Tx, although the specific solution depends on the concrete architecture of 4Tx UE, e.g., [23dBm, 23dBm, 20dBm, 20dBm], [20dBm, 20dBm, 20dBm, 20dBm], or some others. However, we want emphasize that supporting 4Tx is not the key motivation for full tx power topic. From our point of view, 2Tx is the most urgent case. Evaluation results from some companies even showed performance loss for 4Tx. In addition, there are too many possible architectures of 4Tx, and for some of them it is even hard to say whether they belong to capability 2 or capability 3. Therefore, we are not supportive for 4Tx, and we think it may be useful for progress to down scope to 2Tx only. 
Compared with the other alternatives, the most important thing regarding Alt5 is that, regardless of what the phase difference range is, it is obvious that Alt5 can definitely provide full power uplink transmission.
Proposal 2: For capability 2 UE, Alt 5 is preferred since only Alt 5 can provide full power uplink transmission.
3 Conclusions

Based on the above discussions, the proposal are as follows:
Proposal 1: At least for 2Tx UE, All of the UE capability 1, 2, and 3 for both PC2 and PC3 should be supported for full power transmission. 
Proposal 2: For capability 2 UE, Alt 5 is preferred since only Alt 5 can provide full power uplink transmission.
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