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1	Introduction
In RAN1 #96bis meeting, progress has been made for UL full power Tx capability signaling with this agreement:
	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.



This agreement defines one UE capability signaling as “UL full power Tx capability”. However, additional signalling is needed at least for UE capability 2 and UE capability 3. The details of such signaling are dependent on the specific solutions to reach full Tx power.
In RAN1 #96bis, this agreement has been reached on the solution:
	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 email discussion is captured in one tdoc R1-1905911, which provides more details of the remaining solutions. Copied from R1-1905911, the remaining alternatives are:
	· 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
· 




2	Discussion
2.1	Alt-1 Solution: codebook subset
In general, we support Alt 1, where extra TPMI is supported for codebookSubset = nonCoherent and partialAndNonCoherent.. The details are discussed below. 
The Rel-15 2Tx rank-1 codebook are shown here from TS 38.211.

Table 6.3.1.5-1: Precoding matrix  for single-layer transmission using two antenna ports.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 5
	

	

	[image: ]
	[image: ]
	[image: ]
	[image: ]
	-
	-



In TS 38.212, we have this “precoding information and number of layers” in DCI format 0_1 to specify UE precoding operation with different coherence levels.
Table 7.3.1.1.2-5: Precoding information and number of layers, for 2 antenna ports, if transformPrecoder= enabled, or if transformPrecoder= disabled and maxRank = 1 (The highlighted item is new proposal)
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2
	2
	1 layer: TPMI=2

	3
	1 layer: TPMI=3
	
	

	4
	1 layer: TPMI=4
	
	

	5
	1 layer: TPMI=5
	
	

	6-7
	reserved
	
	



The “precoding information and number of layers” of DCI format 0_1 is also show here. When the non-coherent codebook is selected, there are only two TPMI=0, and 1, related to the two precoders:


, 
We may adjust the codebook to let non-coherent codebook also supports this precoder 
[image: ]
with TPMI=2 for single layer transmission. With this approach, UE can still use their two Tx ports for rank-1 transmission even though these two Tx ports are not coherent. If the UE has its maximum power limit at 20dBm per Tx port, the full 23dBm transmission power can be reached with two non-coherent transmission. Similar approach can be extended to other ranks and 4Tx-port transmission.
The cost is the expanding of the size of non-coherent codebook size. In the 2Tx rank-1 transmission case, one more precoder will be added, which will increase the size of “precoding information and number of layers” in DCI from 1-bit to 2-bits.
One alternative, as proposed in R1-1905911, calls that:
· Alt2: All of the non-antenna selection TPMI precoders are supported
This indicates that other TPMI choices, such as [1, -1], [1, j], and [1 -1], shall be included for the noncoherent case as well. Because of the noncoherent nature of 2Tx ports, UE won’t be able to control the relative phase between the two Tx ports. It is not necessary to include these precoders, other than single [1, 1] precoder. There is no need to support “all of the non-antenna selection TPMI precoders”.
For 4Tx rank-1 operation, we can follow the similar approach to include necessary precoders for partial/non-coherent codebook. One solution is to revise Table 7.3.1.1.2-3 of TS 38.212 with:
Table 7.3.1.1.2-3: Precoding information and number of layers for 4 antenna ports, if transformPrecoder= enabled, or if transformPrecoder=disabled and maxRank = 1 (Highlighted items are new proposals)
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset= partialAndNonCoherent
	Bit field mapped to index
	codebookSubset= nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	…
	…
	…
	…
	…
	…

	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3
	3
	1 layer: TPMI=3

	4
	1 layer: TPMI=4
	4
	1 layer: TPMI=4
	4
	1 layer: TPMI=4

	…
	…
	…
	…
	5
	1 layer: TPMI=8

	11
	1 layer: TPMI=11
	11
	1 layer: TPMI=11
	6
	1 layer: TPMI=12

	12
	1 layers: TPMI=12
	12-15
	reserved
	7
	reserved

	…
	…
	12
	1 layer: TPMI=12
	
	

	27
	1 layers: TPMI=27
	
	
	
	

	28-31
	reserved
	
	
	
	



where highlighted lines are new items to be included for partial/non-coherence capable UE operation. In this case, TPMI=4, layer-1 corresponds to this precoder


for non-coherent Tx, where two of UE’s Tx chain can be used for 1-layer transmission. Also TPMI=12 is related to


where all UE’s 4 Tx chains are combined with 1-layer transmission. This solution shall solve the full Tx power transmission issue that the partial/non-coherent UE may experience.
Here is our proposal to support Alt 1 (Option 1-1)
Proposal 1: Support 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

2.2	Alt 3-1 Solution: multiple SRS resource
This solution is using multiple SRS resource to visualize Tx ports, with these details.
· 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.

This approach would work for UE capability 2, when one SRS resource with 1 port can have 2 Tx chains or more Tx chains. This configuration is based on UE’s intention: for 2Tx case, UE can have two SRS resources, where one SRS resource is configured with 2 ports, and another SRS resource is configured with 1 port. For 4Tx case, SRS resource can be configured to have 1 port, 2 port, and/or 4 port. The “port virtualization” is implemented between the mapping of SRS resource ports to its physical Tx chains. 
This approach has its favor of no change of the codebook subset. However, it still has other potential specification impact. Operation with SRS resource, together with the maximum number of SRS resource for codebook-based transmission, is needed to be revised to accommodate this process.

2.3	Alt 3-2 Solution: single SRS resource and codebook subset
This approach is similar to Alt 1, with these details:
· 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

In principle, the approach summarized in [2] will be quite similar to Alt 1. Since this could be the converging result after discussion, we can support this approach.

2.4	Alt-5 Solution: FDM
Alt-5 introduces the FDM approach of simultaneous transmission Tx ports at different PRBs:
· 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

Single PRB won’t work for this scheme, because the port-wise PRB is PRB based. Besides, further studies are needed to address these potential issues:
· Relative phase discontinuity (RPD): at least link simulation is needed to evaluate whether RPD between two Tx is impact the demod performance with various PRB allocation.
· UL resource allocation: is there a specification transparent approach for this approach? Or do we need to consider different Tx ports for UL resource allocation? If the answer to the 2nd question is yes, there will be significant impact to specification and gNB implementation of uplink scheduling.

3	Conclusions
We have this proposal as the solution for uplink full power transmission:
Proposal 1: Support 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
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