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1 Introduction

For Rel-16, companies have been discussing the solutions on further full power enhancement. In the latest RAN1 meetings[1][2][3][4] the following agreements were reached.

	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 with UE capability signalling of full power transmission in UL 
Option 5: For the precoders with 0 entries, the linear value 
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  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 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

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)
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).

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




We discuss full power enhancement for codebook based PUSCH transmission in this contribution.

2 Discussion on Full TX Power for UL transmission for Rel-16
To support full TX power UL transmission with multiple power amplifiers for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs, there are actually 6 options as listed above.

For Option1~3, there are in fact two different categories as analyzed in sub-sections 2.1 and 2.2.

Option3 or (Option3 + Option1-2)
Option3 requires that each antenna port has one PA, and at least part of PAs support to transmit at the power higher than 1/N of the maximum power, where N is the maximum number of antenna ports, e.g. up to  23dBm. 

If Option3 is supported, the power ratio can be set according to PA/ transmit chain/ antenna port capability. But this would be complex for standardization. 

Alternatively, if Option3 is adopted, power scaling factor should be removed or equal to 1, and introduce PA/ transmit chain/ antenna port power limitation scheme to avoid power overflow. Then the power on each antenna port can be higher than 1/N of the maximum power,as long as the antenna port power limitation allows. 

For instance, assuming 
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 is the maximum power of serving cell c, the required power for a UL transmission i on serving cell c is 
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, the transmit antenna port set is 
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, x is antenna port index, the maximum power of antenna port x is 
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Where, 
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As for Option 1-2, it is known that coefficients of precoding codebook cannot affect the real power on antenna port, so only Option 1-2 does not make sense for full power transmission. But in specs of both LTE and NR up to now, coefficients of precoding codebook could reflect the percentage of power usage. To be more specific, the coefficient for a precoding matrix [6] reflects both the power to be split across antenna ports and the power to be split across layers per antenna port. Among them, power split across antenna ports is consistent with power scaling in Option3. Therefore, if Option3 is adopted, it would be better to modify the coefficients of precoding codewords for consistency.

Examples for the changes on the coefficients of precoding matrixes are provided in Appendix.

Proposal-1: Option3 or (Opiton3 + Option1-2) should be supported if UE is configured with PA supported power more than 1/N Pcmax.

· power scaling factor should be removed or equal to 1, but introduce PA/ transmit chain/ antenna port power limitation scheme to avoid power overflow. 

Proposal-2: gNB should get the details of UE’s PA capability and corresponding UE’s behavior for power scaling ratio.

Option1-1 or (Option1-1 + Option2)

Option1-1 aims to break the current restriction and allow UE to use more antenna ports. For example, in the current spec, UE with only non-coherent capability could only use the codewords for antenna selection. Assuming the maximum number of antenna ports is 4, only 1/4 of the calculated power is allowed. Option1-1 allows UE with only non-coherent capability to use the codewords which are originally designed for the capability of partial coherent and full coherent. 

To adopt Option1-1, the following changes should be considered:

· 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 partial coherent and 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 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.

For all these potential changes, 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.

Whether or not Option 1-1 can reach full power with the current power scaling scheme, e.g. one antenna port can use only up to 1/N of the maximum power, where N is the maximum number of antenna ports, depends on the number of non-zero power antenna ports. 

· For any number of layers of the transmission, if the number of the non-zero power antenna ports is equal to the maximum number of antenna ports, full power can be reached, e.g, partial or all of TPMI 12~27 in table 1, TPMI 6~21 in table 2. By configuring proper subset of codewords for only non-coherent capable UE or partial-coherent and non-coherent capable UE, Option1-1 can live with the current power scaling scheme with very limited spec impact.

· For any number of layers of the transmission, if the number of the non-zero power antenna ports is less than the maximum number of antenna ports, full power cannot be reached with the current power scaling scheme. For example, as shown in table 1, if TPMI 4~11 which are originally for partial coherent are indicated to UE with non-coherent capability, only 2 antenna ports are non-zero power, that means only half of the full power could be used. This could be solved by either of the following ways: 

· Option A: the codeword subset does not include TPMI 4~11 in table 1 for non-coherent only capability UE.

· Option B: for more flexibility the codeword subset could include partial or all of TPMI 4~11 in table 1 for only non-coherent capable UE, but the current power scaling scheme should be changed to “power ratio is 1” as the above Option3 when the PA could support higher power than 1/N of the maximum power.

As for Option2, it is actually based on the framework of Option1-1. With Option1-1, Option2 could be seen as UE implementation. 

Table 1: 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)

	0 – 7
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	8 – 15
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	16 – 23
	
[image: image28.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

j

j

1

1

2

1


	
[image: image29.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

1

1

2

1

j

j


	
[image: image30.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

j

j

1

1

2

1


	
[image: image31.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

1

1

2

1

j

j


	
[image: image32.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

1

1

1

1

2

1


	
[image: image33.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

j

j

1

1

2

1


	
[image: image34.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

-

1

1

1

1

2

1


	
[image: image35.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

-

-

j

j

1

1

2

1



	24 – 27
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Table 2: Precoding matrix 
[image: image40.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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FDM multi-port scheme
According to RAN4 spec[8][9], only specifications for coherent capability are defined. The phase differences among non-coherent ports are not stable, even cannot be assumed as slowly changing, so the phase differences are actually simulated as random values. Adopting more antenna ports than UE’s capability is really helpful for reaching full power as option 1-1. However, the interference among non-coherent ports is random, so the gain may be positive or negative. By adding small delay CDD (S-CDD), some link level simulation results showed that it can bring positive gains statistically [10][11]. But system link level simulation results [9] concluded that it can only bring moderate gain or even negative gain in perspective of system performance. 

It may need to consider another way to transmit using more antenna ports than UE’s coherent capability, which could reach to full power while avoid random interference. Just taking 2 ports with 2 PAs of 20dBm + 20dBm as an example, we analyze three schemes as follows.

· For the current antenna port selection scheme, as illustrated in Figure 1-1, the maximum transmit power of a transmission is 20dBm to transmit one layer.

· Figure 1-2 shows the scheme of option 1-1. A small cyclic delay may or may not be applied on antenna port #1. The maximum power of a transmission could reach up to 20dBm+20dBm =23dBm for one layer transmission, but the gain cannot be ensured since the unpredictable interference. Therefore, it is a risk-taking behavior to adopt opt1-1 without adequate evaluation. 

· To reduce the interference among non-coherent antenna ports, each antenna port only transmits part of the scheduled RBs, as shown in Figure 1-3. In another word, the scheduled RBs are split into several RB set, e.g. 2 RB sets. Each RB set is only transmitted by one antenna port. In this case, the maximum power could be up to 23dBm with no interference among non-coherent antenna ports. Furthermore the power per RE of this FDM approach is higher than that in the port selection and S-CDD schemes shown in Figure 1-1 and 1-2, which means a larger coverage, because of the smaller bandwidth per antenna port. 
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Figure 1-1
Port selection



 Figure 1-2
Option 1-1

Figure 1-3
 FDM multi-port

So it is proposed to consider the scheme shown in Figure 1-3, which is named simply as FDM multi-port scheme.

Option1-1 or (Option1-1 + Option2) can be supported if considerable gain is confirmed by most simulation results.
Proposal-3: FDM multi-port scheme should be considered and evaluated.

Option 4 and Option 5
Since full power for non-coherent and partial/non-coherent capable UEs in Rel-16 is not mandatory, UE capability signalling of full power transmission is necessary for all the above options. So UE capability signalling of full power transmission in UL in Option4 is something like an additional part which is also needed by all the other options.

Option5 is about power ratio. If Option3 is supported, the power ratio can be set according to PA capability. If Option1-1 is supported, for non-coherent and partial-coherent capable UE, there exists at least one codeword to support full power with (Rel-15. Option3 is mainly for partial antenna ports with non-zero power, and Option 1-1 is mainly for all antenna ports with non-zero power. The number of non-zero power antenna ports is a key factor for determining power ratio which can be deduced from the codeword indicated by TPMI, regardless of Option3 or Option1-1. So (Rel-16 value. 
 =1/N, where N is the maximum number of antenna ports. Option1-1 does not introduce any more rules for determining (Rel-16 =1/2; if each PA can reach 1/N of Pcmax, then (Rel-16 =1; if each PA can reach half of Pcmax, then (Rel-16 =1; if only one PA can reach Pcmax and PA switching is supported, then (Rel-16 value should be set mainly according to PA capability, which means if each PA can reach Pcmax, then (Rel-16
It is better for gNB to know the details of UE’s PA capability and corresponding UE’s behavior rather than depends on UE implementation as Option5, then gNB could determine whether to use antenna switching with full power or schedule TPMI which exceeds the UE’s coherent capability with (Rel-15.

3 Conclusions
In this contribution, we analyzed the full power scheme for NR Rel-16 power control and provide proposal as follows.

Proposal-1: Option3 or (Opiton3 + Option1-2) should be supported if UE is configured with PA supported power more than 1/N Pcmax.

· power scaling factor should be removed or equal to 1, but introduce PA/ transmit chain/ antenna port power limitation scheme to avoid power overflow. 

Proposal-2: gNB should get the details of UE’s PA capability and corresponding UE’s behavior for power scaling ratio.

Proposal-3: FDM multi-port scheme should be considered and evaluated.
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5 Appendix
Some examples for the change on the coefficients of precoding matrixes are provided in highlight parts as follows. 

Table 6.3.1.5-5: Precoding matrix 
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 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)
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Table 6.3.1.5.4-6: Precoding matrix 
[image: image89.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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