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1	Introduction
In the last few RAN1 meeting, there were agreements to make a decision for UL full power transmission. Based on previous discussions in RAN1 #95, the current open options are listed here [1]:
	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

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




RAN1 #95 meeting also has this agreement on the scope of the full TX power UE:
	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



Three UE capabilities are proposed in RAN1 ad hoc #1901 meeting [2]:


	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




This contribution provides further analysis and solutions on the full Tx power uplink transmission issue. Our preferences are also provided.

2	Full power transmission for uplink transmission
The scope of the WID [3] on full power transmission for uplink transmission is listed here:
	· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)



2.1	Background of UE full power transmission
This issue is actively discussed in RAN1 during the Rel-15 specification process. The general background is related to the uplink codebook design, where partial coherent precoders and non-coherent precoders are included together with the full coherent precoders. One distinguished property of these precoding matrices is the scaling factor, which is normalized based on total number of Tx ports, regardless whether the Tx ports are muted or not. In the 4Tx example with rank-1 transmission, the scaling factor is 1/2, which will yield total transmission power of one when a full coherent precoding matrix is applied.
It can be shown that when a UE is switching from a full coherent precoding matrix to a partial coherent or a non-coherent precoding matrix, the full transmitting power, solely based on the precoding matrix, will be reduced. For the 4Tx example, we have these precoders when non-coherent/partial coherent precoding matrices are applied.


 , 
In the example, the partial coherent precoding matrices have 3dB less power than that of full coherent precoding matrices, and the non-coherent precoding matrices have 6dB less power. The power reduction of partial/non-coherent precoders is not desirable for uplink transmission.
Rel-15 NR attempted to fix this issue in the UE power control section of the specification (Section 7.1 of 38.213):
	


For PUSCH, a UE first scales a linear value [image: ] of the transmit power [image: ] on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1, by the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme. The resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted.



The scaling factor related to the partial/non-coherent codebooks is treated here in uplink power control as “the ratio of the number of antenna ports with a non-zero PUSCH transmission to the number of configured antenna ports for the transmission scheme.” The intention is to ensure that the full transmission power won’t be affected when certain transmission antenna ports are muted due to partial/non-coherent precoders. However, the “configured antenna ports for the transmission scheme”, in the context of the uplink transmission, might still cause ambiguity.

There were discussions in RAN1 related to the UE capability with multiple RF PA chains/antenna ports. RAN4 has specified UE maximum transmission power is 23dBm, similar to that of LTE. However, at least to some UE implementation, full 23dBm power transmission won’t be possible when partial/non-coherent precoding matrices are applied. This certainly limits usability of partial/non-coherent precoders and will degrade overall uplink performance. 

2.2	UE capabilities
For the UE capability 1, as agreed in last meeting [2], there is no issue for UE to reach full power transmission, even when single Tx chain is applied. The possible solutions for full power Tx shall be applied to UE capability 2 and UE capability 3.
Observation 1: No full power Tx solution is needed for UE capability 1.
For 2Tx, there are two possibilities of UE maximum PA implementation:
1. 20dBm + 20dBm
2. 23dBm + 20dBm
The first possibility relates to UE capability 1, and the second possibility relates to UE capability 2. A full power Tx solution for the 20dBm+20dBm case is needed, because either of two Tx branch can deliver full 23dBm power. For the second case, if the network is aware of UE capability of RF chains, the network can select the 23dBm chain for full power transmission. This operation does not need further special full power Tx solution. However, if such RF chain capability information is not available to network, full power transmission is not always maintained.
For 4Tx, there are more possibilities of UE PA implementation. Some of possible implements could be:
Alt 1:	17dBm + 17dBm + 17dBm + 17dBm
Alt 2:	20dBm + 20dBm + 17dBm + 17dBm
Alt 3:	23dBm + 20dBm + 17dBm + 17dBm
Alt 4:	20dBm + 20dBm + 20dBm + 20dBm
[bookmark: _GoBack]The new UE capability definition will consider Alt 1 as UE capability 2, and Alt 2, Alt 3, and Alt 4 belong to UE capability 3. Similar to that of 2Tx, UE capability 2 needs a new full Tx power solution because any RF chain or any combination of a subset of RF chains won’t be able to deliver full Tx power. The applicability of new full Tx power solution to UE capability 3 would depend on network’s knowledge of UE RF chain capability. With this analysis, we have these observations:
Observation 2: For UE capability 2, new full power Tx solution is needed.
Observation 3: For UE capability 3, UE capability signalling shall include its PA capability per RF chain.

2.3	Preference solutions and specification impact for UE capability 2
Adjustment of codebook
There are two issues related with the uplink power control:
· UE’s capability to reach full Tx power when non-coherent or partial coherent precoders are used.
· UE’s power control
For example, 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
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	-
	-



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
	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
	
	

	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.
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
	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.
With these solutions, we have this proposal:
Proposal 1: Support to adjust the non-coherent and partial-coherent codebook size with a new codebook subset.



Power control section
Further clarification on the “configured” antenna ports is needed in the uplink power control to address this issue. This shall be addressed for both Rel-15 and Rel-16 specification.
Proposal 2: Clarification on the uplink power control on the number of “configured” antenna ports is needed.

2.4	Other options
With above discussion, we support Option 1-1 and Option 3. 
Option 1-2: Scaling factor of uplink codebook
For Option 1-2, the scaling factor of uplink codebooks could be revisited. One approach is to normalize the total Tx power to one, regardless of coherent or non-coherent precoders. This should be addressed to both Rel-15 and Rel-16 specification, otherwise there could be compatibility issue. With this modification, the uplink power control should be revised accordingly. However, this option along won’t be able to solve the full-power Tx issue that some UE may experience. If there is no motivation to revise Rel-15’s scaling factor, we would prefer to have no change on the scaling factor for simplicity and consistency.
Proposal 3: Align uplink codebook scaling factor definition for both Rel-15 UL codebooks and Rel-16 UL codebooks.

Option 5: Introduction a new ratio in PUSCH power, where this ratio can be controlled by UE 

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

This option introduces a ratio value, Rel-16, which will be used to scale the Tx power “up to UE implementation” within the range of [Rel-15, 1]. Basically it would be up to UE’s implementation to scale its Tx power. The network would have little information on the actual value of Rel-16 and thus its Tx power. This clearly will impact on uplink power control performance. The overall UL performance will likely be impacted if there are significant of UEs with their corresponding Tx power scaled by UE specific Rel-16. 
Proposal 5: Further study potential UL performance impact of Option 5.
Option 4: Up to UE implementation with UE capability signalling of full power transmission in UL
If there is no agreement on any other solution, this option will likely be the final solution. Since UE will report its full power Tx capability, network can make proper UE scheduling for UE with limited full power Tx capability. 

3	Conclusions
The full uplink Tx power issue with non/partial coherent precoders is discussed in the contribution. We have these observations and proposals:
Observation 1: No full power Tx solution is needed for UE capability 1.
Observation 2: For UE capability 2, new full power Tx solution is needed.
Observation 3: For UE capability 3, UE capability signalling shall include its PA capability per RF chain.
Proposal 1: Support to adjust the non-coherent and partial-coherent codebook size with a new codebook subset.
Proposal 2: Clarification on the uplink power control on the number of “configured” antenna ports is needed.
Proposal 3: Align uplink codebook scaling factor definition for both Rel-15 UL codebooks and Rel-16 UL codebooks.
Proposal 4: Further study potential UL performance impact of Option 5.
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