
3GPP TSG RAN WG1 Ad-Hoc Meeting 1901

R1-1900341
Taipei, 21st – 25th January, 2019 
Source:
CATT

Title:
On UL full Tx power

Agenda Item:
7.2.8.4
Document for:
Discussion and Decision
1. Introduction

The objective of full transmission power of UL in the WID of Rel-16 MIMO is as follows [1]:
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
In RAN1#94bis meeting, 4 candidate solutions for UL full Tx power were identified for down selection in RAN1#95. In RAN1#95 meeting, option 4 was revised and a new solution was added. However down selection in RAN1#95 did not happen as planned.  Currently, the candidate solutions are as follows:
	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



In RAN1 #95 meeting, the following agreement was also achieved:
	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


 In this contribution, we share our views on the enhancement of full Tx power of UL MIMO.
2. Discussion
2.1 General principle
In RAN1 #95 meeting, a clarification on power control for UL transmission was agreed. Based on the agreement, the intention of the Rel-15 power scaling rule is to distribute the total allocated power (after close-loop power control) equally across all physical antennas,  and turn off an antenna if no PUSCH layer is mapped to it. 

	For a PUSCH transmission on active UL BWP 
[image: image1.wmf]b

, as described in Subclause 12, of carrier 
[image: image2.wmf]f

 of serving cell 
[image: image3.wmf]c

, a UE first calculates a linear value 
[image: image4.wmf])

,

,

,

(

ˆ

,

,

,

PUSCH

l

q

j

i

P

d

c

f

b

 of the transmit power 
[image: image5.wmf])

,

,

,

(

,

,

,

PUSCH

l

q

j

i

P

d

c

f

b

, with parameters as defined in Subclause 7.1.1. If the PUSCH transmission is scheduled by a DCI format 0_1 and when txConfig in PUSCH-Config is set to 'codebook', the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. When the higher layer parameter txConfig in PUSCH-Config is set to 'codebook' or ‘noncodebook’, the UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power.


Observation 1: 

· In codebook-based MIMO, the allocated power (after power control) is equally allocated to all physical antennas, while any non-active antenna (without any associated PUSCH layer) is turned OFF. 
Turning off antennas as above renders the actual transmit power to be smaller than the available power, resulting in non-full power utilization. Specifically, if the UE supports maximum M antenna ports in one SRS resource, each antenna consumes 1/M of the max available transmit power. The total power for PUSCH is therefore scaled by β = N/M where N is number of activated antennas that are associated with any PUSCH layer. A summary of β for 2/4Tx is provided in Table I. It can be seen that full power utilization can be achieved when all antennas are activated for PUSCH (e.g. equal to the maximum number of SRS ports supported by the UE).  
Table 1 Scaling factor for Rel-15 UL MIMO
	M (maximum supported number of antenna ports in one SRS resource)
	Number of configured antenna ports in one SRS resource
	
	NC precoder
	PC precoder
	FC precoder

	2

(max 20dBm per PA)
	1
	Rank-1
	N/A
	N/A
	1/2

	
	2
	Rank-1
	1/2
	N/A
	1

	
	
	Rank-2
	1
	N/A
	1

	4Tx

(max 17dBm per PA)
	1
	Rank-1
	N/A
	N/A
	1/4

	
	2
	Rank-1
	1/4
	N/A
	1/2

	
	
	Rank-2
	1/2
	N/A
	1/2

	
	4
	Rank-1
	1/4
	1/2
	1

	
	
	Rank-2
	1/2
	1
	1

	
	
	Rank-3
	3/4
	1
	1

	
	
	Rank-4
	1
	1
	1


Observation 2: 
· For Rel-15 UL MIMO, if the number of antenna ports in the configured SRS resource equals to the maximum number of SRS ports supported by the UE in one SRS resource, 
· Full power is achieved by all FC precoders
· Full power is achievable by some, but not all, NC/PC precoders 

· For NC: Full power is not achievable with rank-1/2/3 for 4Tx, and rank-1 for 2Tx. 

· For PC: Full power is not achievable with rank-1.

· If the number of antenna ports in the configured SRS resource is smaller than the maximum number of SRS ports supported by the UE in one SRS resource, 

· Full power is not achieved by any precoder.
· NOTE: all SRS resources in the configured SRS resource sets have the same number of ports. 
Given that it is up to gNB implementation on the number of SRS antenna ports in a SRS resource, it needs to be clarified 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) in Rel-16. As codebook subset restriction may configure different precoders to the UE, it also needs to be clarified if full power utilization should be achieved for all ranks or a specific rank (e.g. rank-1 only, or full-rank only), and to be clarified if full power utilization should be achieved by all precoders configured to the UE, or can only be achieved by a subset of configured precoders (e.g. full-coherent precoders). Different design targets will likely impose different UE PA architecture requirements. 

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).
2.2 Candidate schemes
In order for Rel-16 UE to be able to achieve the maximum transmit power, the following solutions are summarized in RAN1 #94bis and RAN1 #95 meetings for down-selection:
· 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

Option 1-1 is relax the Rel-15 codebook subset restriction, so that a UE can be configured with precoders that exceed its coherency capability. For instance, for non-coherent UE (which in Rel-15 can only have 1 antenna activated at a time for rank-1), fully coherent precoders are allowed to be used (even though the antennas are not coherent). Since UE is not able to hold phase coherency across non-coherent antenna groups, if gNB selects a TPMI exceeding the UE’s capability, the actual SNR of PUSCH may be severely mismatched with the SNR during TPMI/MCS selection. Whether this approach actually improves system performance should be validated by system-level simulation. 
Observation 3:

· With option 1-1, UE is not able to hold phase coherency across non-coherent antenna groups, the actual SNR of PUSCH may be severely mismatched with the SNR during TPMI/MCS selection. 

Option 1-2 doesn’t make sense as the PUSCH transmission power is unrelated to the scaling factor of the precoder. Changing the PMI scaling factor will not change the transmit power, but only introduce new uplink codebooks. 
Observation 4: 

· Option 1-2 is inapplicable as the codebook scaling factor does not affect transmit power.
Option 2, in our view, does not operate by itself, but is intended to be used together with option 1-1 to eliminate the phase mismatch between the SRS measurement and PUSCH selection. In brief, option 1-1 suffers from poor link adaptation because phase coherency cannot be maintained across non-coherent antenna port groups which results in a mismatch between the gNB-selected TPMI and the actual channel seen by PUSCH. By introducing a small delay factor, option 2 intends to average out the channel mismatch over multiple PRBs, potentially removing the performance degradation. First, whether this solution provides system performance gain over Rel-15 solution needs to be validated through system-level performance evaluation. Second, if a standardized CDD transmission is introduced, this essentially becomes a new UL transmission scheme in Rel-16, which leads to new UL reception requirement. Whether this is within the scope of Rel-16 also needs to be discussed. 
Observation 5: 
· Option 2 introduces a new UL transmission scheme and is unclear to be within the WI scope. Whether it improves UL system performance also needs to be validated. 
In our interpretation, option 5 is a special case of option 4. For option 4 and option 5, if it is up to UE implementation on the scaling factors of transmission power of precoders, the power scaling factor of each precoder is unknown to gNB. Since the fading of channel always changes rapidly, it is hard for gNB to estimate the power scaling factor difference among precoders based on the headroom reporting or other parameters. Hence, gNB has to select TPMI based on an assumed power scaling factors for precoders which are properly different to the ones that UE used. Then the actual SNR of PUSCH may be mismatched with the SNR during TPMI/MCS selection, and the performance of UE can’t be guaranteed.
Observation 6:

· For option 4 and option 5, the power scaling factor for each precoder is unknown to gNB, the performance of UE cannot be guaranteed. 
Option 3 has little specification effort and implementation impact is limited to power scaling and PA selection.  Hence this option is preferable. 

2.3 New power scaling rule
Take Class 3 UE as example, the requirement of maximum output power is 23dBm. With option 3, for any partial/non-coherent precoder to meet the 23dBm max power, the maximum PA value of at least some antenna connectors need to increase by 3 or 6dBm. Given that the number of activated antennas (e.g. antenna connectors associated with any PUSCH) of higher-rank is always more than lower-rank, PA value increase (with any new power scaling rule) is most significant for rank-1. 
As the full Tx power would be an optional UE feature, the power scaling rule for UL would be lied on the definition of the feature. The following alternatives can be considered for UE’s feature on full Tx power:

· Alt 1: Each PA is a full rated PA. This allows any coherent-capability UE to achieve full-power with any precoder. 
· Alt 2: For a UE of coherent-type Y (e.g. Y = fully, partial or non), precoders of type Y for rank-X should achieve full power, i.e. using X=1 for example, for a non-coherent UE, each rank-1 precoder can achieve full Tx power; for a partial-coherent UE, partial-coherent precoders with rank-1 can achieve full Tx power; for a fully-coherent  UE, fully-coherent precoders with rank-1 can achieve full Tx power.
· NOTE: this implies that rank greater than X can also meet full power

· NOTE: this implies that precoders below a UE’s coherent capability are not required to meet full power. 

If Alt 1 is considered, the Rel-15 power scaling rule can be removed. Any UE can achieve full power by any precoder. This is simplest from RAN1’s perspective, but has larger UE impact. 
If Alt 2 is considered, assuming X =1, the following power scaling rule can be considered:
· For non-coherent UE, no power scaling
· For partial-coherent UE, the power scaling factor β = min{N/2,1} where N is number of activated antennas that are associated with any PUSCH layer.
· For fully-coherent UE, the power scaling factor β = N/M where N is number of activated antennas that are associated with any PUSCH layer, M is the maximum number of SRS ports supported by the UE in one SRS resource.
The scaling factor for precoders under the new power control scheme is summarized in Table 2. It can be seen that at least part of rank-1 precoders can achieve full power for a UE with any coherent-type.
Table 2 Scaling factor for new power scaling rule
	M (maximum supported number of antenna ports in one SRS resource)
	Number of configured antenna ports in one SRS resource
	rank
	Non-coherent UE
	Partial-coherent UE
	Fully-coherent UE

	
	
	
	NC/FC precoder
	NC precoder
	PC precoder
	FC precoder
	NC precoder
	PC precoder
	FC precoder

	2

(max 20dBm per PA)
	1
	Rank-1
	1
	N/A
	1/2

	
	2
	Rank-1
	1
	N/A
	1/2
	N/A
	1

	
	
	Rank-2
	1
	N/A
	1
	N/A
	1

	4Tx

(max 17dBm per PA)
	1
	Rank-1
	1
	1/2
	1/4

	
	2
	Rank-1
	1
	1/2
	N/A
	1
	1/4
	N/A
	1/2

	
	
	Rank-2
	1
	1
	N/A
	1
	1/2
	N/A
	1/2

	
	4
	Rank-1
	1
	1/2
	1
	1
	1/4
	1/2
	1

	
	
	Rank-2
	1
	1
	1
	1
	1/2
	1
	1

	
	
	Rank-3
	1
	1
	1
	1
	3/4
	1
	1

	
	
	Rank-4
	1
	1
	1
	1
	1
	1
	1


As full Tx power can be achieved by alt 2 with less cost for partial-coherent and fully-coherent capability UE, alt 2 is preferred. 

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.
3. Simulations
We provide the performance comparison of 4Tx UEs with different coherent capabilities under different codebook subsets. In the simulation, Rank 1 is simulated because these are coverage limited UEs and are the most relevant use case. MCS and TPMI are dynamically selected based on the measurement of SRS. The relative phase error of PUSCH among non-coherent Tx antenna groups follow a uniform distribution where a non-coherent UE has 4 coherent Tx antenna groups, a partial-coherent capability UE has 2 coherent Tx antenna groups, and a fully-coherent UE has only one coherent Tx antenna groups. Other simulation assumptions are given in Table AI in the Appendix. In figure 1, ‘FC-UE’, ‘PC-UE’ and ‘ NC-UE’ denote fully-coherent UE, partial-coherent UE and non-coherent UE, respectively. ‘FC-CBS’, ‘PC-CBS’ and ‘NC-CBS’ denote codebooksubset of 'fullyAndPartialAndNonCoherent' , 'partialAndNonCoherent' and nonCoherent' , respectively.

From Figure 1, it can be seen that

· For a partial-coherent UE with 4Tx, the codebooksubset of 'partialAndNonCoherent' outperforms the other two codebooksubsets, and the codebooksubset of 'fullyAndPartialAndNonCoherent' has the worst performance;

· For a non-coherent UE with 4Tx, the codebooksubset of 'nonCoherent' performs best compared to the other codebooksubsets, and similar performance is achieved by the codebooksubsets of  'partialAndNonCoherent'  and 'fullyAndPartialAndNonCoherent'.
Observation 7:
· The performance would be degraded by allowing the non-/partial coherent capability UE to be indicated with precoder(s) that exceeds the UE’s coherent capability. 
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Figure 1: Performance comparison for UEs with different codebook subsets.

4. Conclusion
In this contribution, we discussed the full transmission power for UL MIMO, it is observed that:

Observation 1: 

· In codebook-based MIMO, the allocated power (after power control) is equally allocated to all physical antennas, while any non-active antenna (without any associated PUSCH layer) is turned OFF. 
Observation 2: 
· For Rel-15 UL MIMO, if the number of antenna ports in the configured SRS resource equals to the maximum number of SRS ports supported by the UE in one SRS resource, 

· Full power is achieved by all FC precoders
· Full power is achievable by some, but not all, NC/PC precoders 

· For NC: Full power is not achievable with rank-1/2/3 for 4Tx, and rank-1 for 2Tx. 

· For PC: Full power is not achievable with rank-1.

· If the number of antenna ports in the configured SRS resource is smaller than the maximum number of SRS ports supported by the UE in one SRS resource, 

· Full power is not achieved by any precoder.
· NOTE: all SRS resources in the configured SRS resource sets have the same number of ports. 

Observation 3:

· With option 1-1, UE is not able to hold phase coherency across non-coherent antenna groups, the actual SNR of PUSCH may be severely mismatched with the SNR during TPMI/MCS selection. 

Observation 4: 

· Option 1-2 is inapplicable as the codebook scaling factor does not affect transmit power.

Observation 5: 
· Option 2 introduces a new UL transmission scheme and is unclear to be within the WI scope. Whether it improves UL system performance also needs to be validated. 
Observation 6:

· For option 4 and option 5, the power scaling factor for each precoder is unknown to gNB, the performance of UE cannot be guaranteed. 
Observation 7:
· The performance would be degraded by allowing the non-/partial coherent capability UE to be indicated with precoder(s) that exceeds the UE’s coherent capability. 
We propose that:

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.
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6. Appendix
Table A1．Simulation assumptions
	Parameters
	Values

	Waveform
	CP-OFDM

	Carrier frequency
	4GHz

	PUSCH bandwidth
	20RB

	Channel model
	CDL_A

	UE antenna configuration
	4

	BS antenna configuration
	16

	Transmission rank
	Rank-1 fixed

	Link adaption
	On

	Mobile speed
	3 km/h

	Receiver
	MMSE


The UL codebooks in 38.211 are captured below for reference. 
Table 6.3.1.5-1: Precoding matrix 
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 for single-layer transmission using two antenna ports.
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(ordered from left to right in increasing order of TPMI index)
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Table 6.3.1.5-2: Precoding matrix 
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 for single-layer transmission using four antenna ports with transform precoding enabled.

	TPMI index
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(ordered from left to right in increasing order of TPMI index)
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Table 6.3.1.5-3: Precoding matrix 
[image: image45.wmf]W

 for single-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
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(ordered from left to right in increasing order of TPMI index)
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Table 6.3.1.5-4: Precoding matrix 
[image: image75.wmf]W

 for two-layer transmission using two antenna ports with transform precoding disabled.
	TPMI index
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(ordered from left to right in increasing order of TPMI index)

	0 – 2
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Table 6.3.1.5-5: Precoding matrix 
[image: image80.wmf]W

 for two-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
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(ordered from left to right in increasing order of TPMI index)

	0 – 3
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Table 6.3.1.5.4-6: Precoding matrix 
[image: image104.wmf]W

 for three-layer transmission using four antenna ports with transform precoding disabled.

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

	0 – 3
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Table 6.3.1.5-7: Precoding matrix 
[image: image113.wmf]W

 for four-layer transmission using four antenna ports with transform precoding disabled.

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

	0 – 3
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