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1. Introduction
[bookmark: _GoBack][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 Solution for Supporting UE capability 2
During RAN1#96bis meeting and the e-mail discussion afterwards, some candidate solutions were made and clarified for supporting UE capability 2 [3][7]. In particular, there are four candidate solutions proposed:
· 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

For the candidate solution Alt1, there are further discussions on how to introduce the new codebook subset as follows:
· Option1: new codebook subset is introduced in addition to existing non-coherent codebook and partial/non-coherent codebook in Rel. 15, as shown in red lines in Figure 1.
· Option2: new codebook subset is replaced with non-coherent codebook and partial/non-coherent codebook in Rel. 15 as shown green lines in Figure 1.
In Figure 1, the changes from Rel-15 specification are marked in yellow. In option1, we need to increase the size of DCI field to indicate TPMI. In this case, it is possible to indicate the existing non-coherent codebook. In option2, there is no need to increase the size of DCI bit field to indicate TPMI. We don’t see any use case to indicate the existing non-coherent codebook to UE with capability 2. Therefore, we prefer that the new codebook subset is replaced with the existing non-coherent codebook. 
One remaining issue on Alt 1 is whether all of the non-antenna selection TPMI precoders are supported.
· 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
If we support all of the non-antenna selection TPMI precoders, the number of bits in DCI field to indicate TPMI should be increased. For example, for case of non-coherent codebook with two antenna ports with maxRank = 1, one bit is used for indication of TPMI. However, if we support all of the non-antenna selection TPMI precoders, obviously one bit is not enough. Since we don’t prefer to increase the size of DCI, we support Alt1, “only a subset of the non-antenna selection TPMI precoder(s) is(are) supported”.
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Figure 1. Example of option1 and option2 for non-coherent capable UE in the solution of Alt1.

In the solution of Alt3-1, the UE is able to switch between full power and non-full power UL transmission dynamically since multiple SRS resources with different number of SRS ports are configured. We believe that there is no use case to switch between full power and non-full power transmission dynamically. Additionally, in this solution, the SRS resource overhead is higher than that of Alt3-2 where single SRS resource is considered. Further, SRI field in DCI format 0_1 should exist all the time to transmit PUSCH with full power. Due to these reasons, we do not prefer to support Alt3-1.
On the other hand, the associated overhead with Alt3-2 is smaller than that of Alt3-1 since single SRS resource can be configured in the case of full power transmission. By the way, UE selects Tx antenna by indicated TPMI in the same way as solution of Alt1 (option1-1), and the scaling value divides power equally among the non-zero PUSCH ports. We believe Alt1 is subset of Alt3-2, and we support this.
In the solution of Alt5, the scheduled RBs are divided into two RB sets (e.g. for 2Tx case) or four (e.g. for 4Tx case) RB sets. The performance is not affected by the phase difference between non-coherent antenna ports, because gNB can demodulate the received signal by using DMRS on each RB set. However, there are two concerns. Firstly, when UE adopts Alt5 by transmitting each RB set from each antenna port, receiver should combine the received signal on each RB sets, since each RB set has only a half (or quarter) of original resources in frequency domain. Hence, gNB should implement additional detection mechanism. Secondly, the solution of Alt5 cannot be applied for the case of one RB PUSCH. This is because at least 2 RB sets are required for 2 Tx case, as shown in Fig. 2. For cell edge UE, sometimes small number of RBs is allocated in order to let UE to transmit PUSCH with larger PSD (Power Spectral Density). However, if we allocate one RB to a UE, it is not possible for UE to transmit PUSCH with full power. Hence, we do not support Alt5.
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(a) UE with solution of Alt5

(b) UE with solution of Alt1/Alt3-1/Alt3-2

Figure 2. Solution of Alt5 cannot transmit full power PUSCH with one PRB

Based on the above discussion, we would like to provide following proposal.
Proposal 1: 
·  Alt1 (Option1-1) or Alt3-2 (Option3+Option2+Option1-1) should be supported for UE capability 2.
· In Option1-1, the new codebook subset should be replaced with the existing non-coherent codebook.
· In Option1-1, only a subset of the non-antenna selection TPMI precoder(s) should be supported as the new codebook subset.
· Alt5 (FDM multi-port simultaneous transmission) is not supported for UE capability 2.

[bookmark: _Hlk4770729]2.2 How to signal the UE capabilities
In RAN1#96 and #96bis meetings, the following agreements 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

[RAN1#96bis]
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.

When the signaling of “UL full power tx capability”, the NW can understand that the UE supports full tx power UL transmission. However, the NW cannot distinguish between whether UE supports UE capability 1, 2 or 3. Since the solution is different among UE capability 1, 2 and 3, it is required to distinguish between capability1, 2 and 3 is needed.
In UE capability 1 and 2, we believe that “an information on which antenna ports UE has full rated PA” is not necessary since UE with capability 1 has full rated PA on every Tx chain, and UE with capability 2 does not have any full rated PA.
On the other hand, in UE capability 3, we believe that “an information on which antenna ports UE has full rated PA” is necessary. The UE has full rated PA on a subset of Tx chains, and hence UE can transmit PUSCH with full power at least for some antenna port(s) and/or antenna port combination(s). For example, the UE can transmit PUSCH with full power without non-coherent antenna ports (e.g. For 2Tx case, the UE can use  and  in addition to   ). So, UE with capability 3 should report an information on “which antenna ports UE has full rated PA”. 
Based on the above discussion, we would like to provide following proposal.
Proposal 2: 
· It is required to distinguish between UE capability 1, 2 and 3 since the solution is different for different UE capabilities.
· In UE capability 1 and 2, there is no need to report any other information (e.g. an information on which antenna ports UE has full rated PA).
· In UE capability 3, Alt1 (UE capability signaling of supported one or group of TPMI precoder(s)) should be supported.

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 3, 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 3. 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 3,  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 codebooks [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 3. Once is known, as shown in Figure 3,  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 3: 
· 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: 
· Alt1 (Option1-1) and/or Alt3-2 (Option3+Option2+Option1-1) should be supported for UE capability 2.
· In Option1-1, the new codebook subset should be replaced with non-coherent codebook.
· In Option1-1, only a subset of the non-antenna selection TPMI precoder(s) should be supported as the new codebook subset.
· Alt5 (FDM multi-port simultaneous transmission) is not supported for UE capability 2.
Proposal 2: 
· It is required to distinguish between UE capability 1, 2 and 3 since the solution is different for different UE capabilities.
· In UE capability 1 and 2, there is no need to report any other information (e.g. an information on which antenna ports UE has full rated PA).
· In UE capability 3, Alt1 (UE capability signaling of supported one or group of TPMI precoder(s)) should be supported.
Proposal 3: 
· 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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Appendix
At the RAN1#94bis meeting, the 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


At the RAN1#96bis meeting, the following agreements were made [5].
 [RAN1#96bis]
Agreement
For the the 2TX and 4TX case, the linear value of power after power scaling, is divided equally among the non-zero PUSCH ports
· The above applies for the cases including when UE transmitting at P_c_max

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 solutions to support UE capability 2 were clarified through the e-mail discussion [7].
[Summary of e-mail 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)
Summary:
· 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
      Summary:
· 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)
      Summary:
· 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
      Summary:
· 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

- 1/9 -
image3.png
=
—
i
= QT
w
m [« I CEN I )

CDD between coherent

antenna pairs " Precoding
- |
-~ ™

(m \‘,.DH .......................... >
o/

] st — Gv ot 7+ bt~ 1)

1
o i
=\ ‘L ........................... >
©“ - Q. %NAH| ﬂ”_.v mmNﬁmlﬁHv+\m§mmlﬁNv
—~ \\ I/ i
o) \.V_Du.. |||||||||||| L >
&5 s1(t) cso(t) + dsy(8)

So(t)
I,/
\\
Po~

1

1
!
[
S
1

1

1

v

1

1
Q1
gll
,_\I
=
+
S
:ll
o~

3

\./I

>

Pairwise coherent
antenna ports




image4.wmf
,,,

ˆ

(,,,)

PUSCHbfcd

Pijql


oleObject1.bin

image40.wmf
,,,

ˆ

(,,,)

PUSCHbfcd

Pijql


oleObject2.bin

image1.png
Precoding matrix W for single-layer transmission using two antenna ports.
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