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1. Introduction
Following objective on full power transmission in case of uplink transmission with multiple power amplifiers at the UE is included in Rel-16 NR MIMO WID:

· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
Agreements made in RAN1#94bis and RAN1#95 are listed in section 3.

Based on the submitted contribution in this meeting, key issues are summarized in section 2. 

2. Key issues 

1) UL full power Tx for code-book based transmission:
Option 1: Refinement/adjustment of UL codebook is supported
Option 1-1: Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs
Support: OPPO, vivo, ZTE, MTK, Nokia, Qualcomm (option 1-1+option 2) 
Option 1-2: Introduce additional scaling factor for uplink codebook
Support: Intel (e.g., UE with 23+20 dBm PAs), LG (RRC configure scaling factor), 
Option 2: UE transparently apply a small cyclic or linear delay
Support: ZTE (option 1-1 + option 2), MTK, Qualcomm
Option 3: Power control mechanism to be modified to support UL full power transmission without precluding the use of full rated PA(s). 
[bookmark: _GoBack]Support: Huawei, ZTE (option 3+ option 1-2), CATT, Spreadtrum, Ericsson, Samsung, Intel (option 3+ option 1-2), LG (option 3+ option 1-2) 
Option 4: Up to UE implementation with UE capability signalling of full power transmission in UL
Support: AT&T, OPPO, InterDigital

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
Support: Qualcomm


Please provide comments, views:
	Company
	Comment 

	Intel
	We are ok to go with option 3 combined with option 1-2, and only 1 PUSCH port with full power transmission is necessary. It is not practical for all PUSCH ports to support full power transmission.

	LGE
	We are ok with option 3 + option 1-2.

	CATT
	Support option 3. Not support combination of option 3 + option 1-2 due to the following reasons. First, scaling codebook component (option 1-2) has nothing to do with transmit power which should have been pretty clear from the current specification. Second, we cannot see any functionality that a combined option 3+option 1-2 can achieve on top of option 3 alone, so there is not a particular benefit of a combined solution. It only adds to specification complexity.  
Option 1-1 has worse performance than non-full-power transmission (Rel.15) as the UE is not capable of holding cross-antenna coherency when scheduled TPMI exceeds UE’s capability, resulting in mismatch between scheduling and actual PDSCH transmission.   
For UE implementation, we are OK to further discuss details of option 3 along the line of what Intel suggested, e.g. the ranks/precoders/ports that are required to achieve full power, for different coherent-capability UEs.  

	QC
	Please add QC as a supporter of option 1-1, since we support option 1-1+option 2 (besides supporting option 5).
Another comment is that small cyclic or linear delay can be transparently supported from RAN1 perspective. But if option 1-1 is supported in RAN1, to allow cyclic or linear delay, a LS should be sent to RAN4 to tell RAN4 at least the following 
· The Time Alignment Error (TAE) requirement for UL-MIMO should be relaxed for the new codebookSubset non-coherent and partial-coherent transmission capable UEs
· Phase coherence is not required for the new codebookSubset for non-coherent and partial-coherent transmission capable UEs

	ZTE
	Support Option 3 + Option 1-2. 
Support Option1-1 or Option1-1 + Option2 with the following.
· The subset of codewords for only non-coherent capable UE should be redefined to include the codewords which are originally designed for the capability of full coherent.
· The subset of codewords for partial-coherent and non-coherent capable UE should be redefined to include the codewords which are originally designed for the capability of partial coherent and full coherent.
· If a UE is indicated a codeword that requires more antenna ports than its coherent capability, UE does not need to obey the phase offset among the corresponding antenna ports according to the codeword.
· gNB should have the control to configure a Rel-16 UE the subset of codewords so that it can select between the new refined subset introduced in Rel-16 and the old subset supported in Rel-15.

	
	




2) others

Please provide comments, views:
	Company
	Comment 

	
	

	
	

	
	




3. Previous agreements
RAN1#94bis agreements
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)

RAN1#95 agreements
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)

For guidance in future RAN1 discussions:
Understanding of antenna virtualization for ease of discussion (not for specification):
· A UE forms an antenna port by transmitting on one or more TX chains (each with a power amplifier)

4. References:

	1
	R1-1900019
	Enhancements on UL MIMO with multiple PAs to allow full power transmission
	Huawei, HiSilicon

	Proposal 1: Full power transmission should be considered for all ranks for partially / non-coherent UE.
Proposal 2: For full coherent capable UE, partial coherent/non coherent codewords should also be enhanced to support full power transmission. And for partial coherent capable UE, non-coherent codewords should also be enhanced to support full power transmission.
Proposal 3: For UE with full rated PA, Alt-2 should be supported for full power transmission.
Proposal 4: A UE capability is required to be reported to support full power transmission through reporting codewords.
Proposal 5: Support implicit way to indicate the power control for whether to use full power transmission.

	2
	R1-1900089
	Full TX Power UL transmission
	ZTE

	Proposal-1: Option3 or (Opiton3 + Option1-2) should be supported if UE is configured with PA supported power more than 1/N Pcmax.
Proposal-2: Option1-1 or (Option1-1 + Option2) can be supported.
· The subset of codewords for only non-coherent capable UE should be redefined to include the codewords which are originally designed for the capability of full coherent.
· The subset of codewords for partial-coherent and non-coherent capable UE should be redefined to include the codewords which are originally designed for the capability of partial coherent and full coherent.
· If a UE is indicated a codeword that requires more antenna ports than its coherent capability, UE does not need to obey the phase offset among the corresponding antenna ports according to the codeword.
Proposal-3: gNB should get the details of UE’s PA capability and corresponding UE’s behavior for power scaling ratio.

	3
	R1-1900139
	Discussion on full TX power for codebook based UL transmission.
	vivo

	Proposal: introduce new codebookSubset for non-coherent and partial-coherent transmission capable UEs, reuse the codebook indices defined for full-coherent transmission.

	4
	R1-1900219
	Full TX Power UL transmission
	MediaTek Inc.

	Proposal:   
1) A non-coherence capable UE can be signalled to use a precoder originally designed for partial coherent transmission/full coherent transmission in a Rel-15 UL MIMO codebook; a partial coherence capable UE can be signalled to use a precoder originally designed for full coherent transmission in a Rel-15 UL MIMO codebook. 
2) Small delay CDD can be used for the situation with severe phase discontinuity

	5
	R1-1900295
	Discussion on the Full TX power UL transmission
	OPPO

	Proposal 1: Rel-16 power control scheme for full Tx power transmission should be independent of specific RF architecture(s)
· It should be applicable for all typical RF architectures and should not preclude some RF architecture(s) from the potential benefits of full Tx power transmission
Proposal 2: Rel-16 supports Option 1-1 for full Tx power transmission
· Option 4 is also an acceptable solution
Proposal 3: Strive common mechanism(s) for single-panel UE and multi-panel UE.

	6
	R1-1900341
	On UL full Tx power
	CATT

	Proposal 1: 
· The following issues on full power utilization needs to be clarified, e.g. 
· If full power utilization should be achieved for all SRS resource configurations or a special SRS resource configuration (e.g. SRS with number of antenna ports same as the maximum antenna ports in one SRS resource that a UE supported)
· If full power utilization should be achieved for all ranks, or a specific rank (e.g. full rank only)
· If full power utilization should be achieved by all precoders, or a specific group of precoders (e.g. full-coherent precoders only).
Proposal 2: 
· Consider the following power control scheme for Rel-16 UEs with full power capability:
· For partial-coherent UE, the calculated power is scaled by the factor of min{N/2,1} where N is number of activated antennas that are associated with any PUSCH layer.
· For fully-coherent UE, the calculated power is scaled by the ratio of N/M, where N is number of activated antennas that are associated with any PUSCH layer, and M is the maximum number of SRS ports supported by the UE in one SRS resource.


	7
	R1-1900436
	On Full Transmit Power for UL Tranmission
	AT&T

	Proposal:  Support Option 4 for utilizing the full power transmission for uplink

	8
	R1-1900504
	On full power uplink transmission
	Intel Corporation

	Proposal 1: For uplink codebook based transmission, to support full-power transmission, when TPMI=0 and TRI=0, UE does not perform power scaling. 

	9
	R1-1900570
	View on full power UL transmission
	Samsung

	
	
	
	

	10
	R1-1900624
	Discussion on full Tx power uplink transmission
	LG Electronics

	Proposal1: Introduce RRC configurable scaling factor for uplink codebook in order to achieve full Tx power UL transmission.

	11
	R1-1900693
	On the Full TX Power UL transmission
	Nokia, Nokia Shanghai Bell

	Proposal 1: Support to adjust the non-coherent and partial-coherent codebook size with a new codebook subset.
Proposal 2: Support UE capacity indication of its full Tx power capability.
Proposal 3: Clarification on the uplink power control on the number of “configured” antenna ports is needed.
Proposal 4: Align uplink codebook scaling factor definition for both Rel-15 UL codebooks and Rel-16 UL codebooks.
Proposal 5: Further study potential UL performance impact of Option 5.

	12
	R1-1900701
	Discussion on full TX power for UL transmission
	Spreadtrum Communications

	Proposal 1: Support to modify power control mechanism (Option 3) to achieve full TX power UL transmission.

	13
	R1-1900810
	Full TX Power Utilization for UL
	InterDigital, Inc.

	Proposal 1 - Full power uplink transmission for NC and PNC UEs to be left to UE implementation.

	14
	R1-1900907
	Full Tx power for UL transmissions
	Qualcomm Incorporated

	Proposal 1: for UE with non-coherent or partially coherent antenna ports, allow the following PUSCH precoders with non-zero entries that span across non-coherent antenna ports with up to UE implementation e.g. a small cyclic or linear delay may be applied across non-coherent antenna ports.
· Introduce a new codebookSubset = “noncoherentWithCyclicDelay” in 38.212 Section 7.1 for UEs with noncoherent antennas to include:
· TPMIs 0 to 2 in 38.211 Table 6.3.1.5-1 (Single-layer transmission using two antenna ports),
· TPMIs 0 to 4, 8, and 12 in 38.211 Table 6.3.1.5-2 (Single layer transmission using four antenna ports with transform precoding), 
· TPMIs 0 to 4, 8, and 12 in 38.211 Table 6.3.1.5-3 (Single layer transmission using four antenna ports without transform precoding),
· TPMI 0 to 6 in 38.211 Table 6.3.1.5-5 (Two layer transmission using four antenna ports without transform precoding),
· and TPMI 0 to 1 in 38.211 Table 6.3.1.5-6 (Three layer transmission using four antenna ports without transform precoding).
· For Tables not listed above, set of allowed TPMI remains same as that for codebookSubset “nonCoherent” in 38.212
· Introduce a new codebookSubset = “partialAndNonCoherentWithCyclicDelay” in 38.212 Section 7.1 for UEs with partial and noncoherent antennas to include:
· TPMIs 0 to 19, in 38.211 Table 6.3.1.5-2 (Single layer transmission using four antenna ports with transform precoding)
· TPMIs 0 to 19 in 38.211 Table 6.3.1.5-3 (Single layer transmission using four antenna ports without transform precoding). 
· For Tables not listed above, set of allowed TPMI remains same as that for codebookSubset “partialAndNonCoherent” in 38.212
· Support of this feature is subject to UE capability per band-band combination

Proposal 2: Adopt Option 5 as proposed in RAN #95 meeting:

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

Proposal 3: To sound for PUSCH with the allowed precoders in Proposal 1, UE transparently applies a small cyclic or linear delay to a subset of existing SRS ports defined for codebook-based PUSCH. The same amount of delay is applied in SRS sounding and corresponding PUSCH transmission.  
Proposal 4: For UE with MIMO capability, support simultaneous intra-UE PUCCH and PUSCH transmissions cross non-coherent or partial coherent antenna ports on one OFDM symbol.
· Channel dropping is applied if the sum rank or sum power of the simultaneous transmissions exceeds UE capability

	15
	R1-1900926
	On full power UL transmission
	Ericsson Limited

	Proposals:
· Downselect to one of the following alternatives
· Alt 1: Support Option 3
· UEs are configured to use a modified 38.213 power scaling such that full power is delivered when ports are not virtualized
· Alt 2: Support Option 3 + 2 
· UEs are configured to use a modified 38.213 power scaling such that full power is delivered
· Scaling for either virtualized or non virtualized can be configured
· UEs can be configured to transmit one or multiple SRS resources with different numbers of ports in different resources
· UE implementations may virtualize Tx chains to form SRS ports 
· Rel-15 non-coherent TPMIs are used
· Alt 3: Support Option 3 + 2 + 1-1
· UEs may be configured to use a modified 38.213 power scaling such that full power is delivered 
· Scaling for either virtualized or non virtualized can be configured
· UEs can be configured to transmit one or multiple SRS resources with different numbers of ports between resources
· UE implementations may virtualize Tx chains to form SRS ports 
· Rel-15 non-coherent TPMIs are used
· Define extended codebooks for partial- and non-coherent UEs
· For non-coherent UEs 
· UEs are not expected to maintain the relative phase between antenna ports over multiple slots
· For partially-coherent UEs 
· UEs are not expected to maintain the relative phase between antenna ports 0&1 or 2&3 over multiple slots
· Codebooks are extended without redundant TPMIs
· The absolute value of one precoding matrix should not be the same as the absolute value of another precoding matrix.
· UEs configured are configured to use the extended subsets, and need not support the modified power scaling
· Specify the modified power scaling needed for the agreed alternative according to the text proposal in section 4.

	16
	R1-1901078
	View on full power UL transmission
	Samsung

	· Support a solution for UL full power transmission based on Option 3 or a combination of Option 1-2 and Option 3.
· The supported solution should work for both 2 and 4 Tx.
· Support one of the following solutions 
· (Option 3 based solution) For UL power control, PUSCH is scaled by a factor  and the resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted, where 
· for non-codebook based UL transmission, 
· for codebook based UL transmission, 
· , and
· , where
·  = #coherent port groups (for the “most coherent” TPMIs) as in Table 4,
·  = #coherent port groups (for the “most coherent” TPMIs) with a non-zero PUSCH,
·  = #configured ports for the transmission, and
·  = #ports with a non-zero PUSCH transmission.
· (Option 1-2 + Option 3 based solution) the scaling  is applied to the UL codebook, and the UL power control mechanism follows the precoder scaling.
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