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1 Introduction
WF on PC2 UL MIMO was discussed extensively in last meeting in [1]. The issue identified in the WF has impact on the application of PC2 UL MIMO based on different UE architectures. The specification itself is not clear on how to use the requirements for single antenna configuration and in turn it may have impact on RAN2 signalling design. This contribution provides further consideration on the issue and come up with several options to solve this issue.
2 Discussion

2.1 Ambiguity in RAN4 specification

In current specification, it is allowed for a UE support UL MIMO to configure to single antenna port mode. From the very beginning of discussion on UL MIMO for LTE, this issue had been clarified in RAN4 that in single antenna port mode the transmission can be mapped to both single physical antenna and two antennas. As described in the spec, if UE is configured for transmission on single-antenna port, the requirements in subclause 6.2.1 apply.
Table 6.2.1-1: UE Power Class

	NR

band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)

	n41
	
	
	26
	+2/-33
	23
	± 23

	n77
	
	
	26
	+2/-3
	23
	+2/-3

	n78
	
	
	26
	+2/-3
	23
	+2/-3

	n79
	
	
	26
	+2/-3
	23
	+2/-3

	NOTE 1:
PPowerClass is the maximum UE power specified without taking into account the tolerance 

NOTE 2: 
Power class 3 is default power class unless otherwise stated

NOTE 3:
Refers to the transmission bandwidths (Figure 5.3.3-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB


Look at the table 6.2.1-1 in the spec as above, it can be seen that both PC2 and PC3 are supported for n41, n77, n78 and n79, which causes ambiguity of applicability of the RF requirement for UE supporting PC2 UL MIMO, especially when the transmission is mapped into single antenna connector. 
For the NR bands supporting PC2 UL MIMO, the PA configurations have been discussed in RAN4 and agreement was reached in the group, i.e. Only PA configurations of 23+23dBm for UL MIMO and 26dBm for 1Tx are supported by specification for NR TDD bands for PC2 UE in Rel-15. Based on the agreed PA configuration, only 23dBm transmission can be supported at the single antenna connector. Though we understand it depends on the UE implementation, we believe the previous agreement is still valid in Rel-15. 
The best way in our opinion is to signal the transmission capability for PC2 UE supporting UL MIMO when it falls back to single antenna transmission. It should be noted that the applicable RF requirements for PC2 and PC3 are different, which alternatively implies that the capability is different for the UL transmission at the antenna connector with different power classes.
2.2 RAN2 status

The following IE is copied from TS 38.331. 
	RF-Parameters ::= SEQUENCE {


supportedBandListNR



SEQUENCE (SIZE (1..maxBands)) OF BandNR,


supportedBandCombinationList

BandCombinationList





OPTIONAL,


appliedFreqBandListFilter


FreqBandList






OPTIONAL
}

RF-Parameters-v15xy ::= 


SEQUENCE {


supportedBandCombinationList-v15xy
BandCombinationList-v15xy



OPTIONAL,


...

}

BandNR ::=
SEQUENCE {


bandNR






FreqBandIndicatorNR, 

modifiedMPR-Behaviour


BIT STRING (SIZE (8))





OPTIONAL,


mimo-ParametersPerBand


MIMO-ParametersPerBand





OPTIONAL,

extendedCP





ENUMERATED {supported}





OPTIONAL,


multipleTCI





ENUMERATED {supported}





OPTIONAL,


bwp-WithoutRestriction


ENUMERATED {supported}





OPTIONAL,

bwp-SameNumerology




ENUMERATED {upto2, upto4}



OPTIONAL,


bwp-DiffNumerology




ENUMERATED {upto4}





OPTIONAL,


crossCarrierScheduling-SameSCS

ENUMERATED {supported}




OPTIONAL,

dummy

ENUMERATED {supported}





OPTIONAL,

pdsch-256QAM-FR2



ENUMERATED {supported}





     OPTIONAL,

pusch-256QAM




ENUMERATED {supported}





OPTIONAL,

ue-PowerClass




ENUMERATED {pc2, pc3}



          OPTIONAL,

rateMatchingLTE-CRS



ENUMERATED {supported}





OPTIONAL,


... ,


[[


...


ue-PowerClass2




ENUMERATED {pc1, pc4}






OPTIONAL,

    
maxUplinkDutyCycle



ENUMERATED {n50, n60, n70, n80, n90}



OPTIONAL 

]]

}


In the specification, mimo-ParametersPerBand and ue-PowerClass are listed in parallel under IE BandNR. So far the power class for UL MIMO is not differentiated for the per band power class capability. However, for the UE implemented with PA configuration of 23dBm + 23dBm for PC2 UL MIMO, it is ambiguous what the power class for the supported band is. Because the same UE can also support non-MIMO operation. In that sense, the UE has to signal PC3 capability. In order to avoid this kind of situation, power class for UL MIMO should be signalled separately. 
2.3 Ongoing discussion in RAN1
Full power transmission is under discussion in RAN1 for UL MIMO, which is based on the task defined in the WI on Enhancements on MIMO for NR [3], i.e. Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class).
There are at least 2 transmission modes for PUSCH transmission, such as PUSCH transmission based on DCI format 0_1 (we can call it mode-1 in this contribution) and PUSCH transmission based on DCI format 0_0 (we can call it mode-2 in this contribution).

Table-1 Precoding matrix [image: image1.wmf]W

 for single-layer transmission using two antenna ports.
	TPMI index
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(ordered from left to right in increasing order of TPMI index)
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Mode-1 supports two transmission schemes, i.e. codebook based transmission and non-codebook based transmission. For codebook based transmission, TPMI will be indicated via DCI for PUSCH precoding determination. A UE with 2Tx firstly needs to report its coherent capability such as fully-coherent or non-coherent, and each of the capability corresponds to a group of codewords. UE with non-coherent capability cannot be indicated by fully-coherent codewords. For example, as shown in the table-1, TPMI 0-1 corresponds to non-coherent codewords and TPMI 2-5 corresponds to fully-coherent codewords, UE with non-coherent capability can only be indicated by TPMI 0-1. 

In 38.213, the PUSCH transmission power determination is defined as: 

For PUSCH, a UE first scales a linear value of the transmit power PPUSCH b, f, c (i, j, qd, l) on UL BWP b, as described in Subclause 12, of carrier f of serving cell c, 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 resulted scaling power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted. The UL BWP b is the active UL BWP.

For the UE with non-coherent capability, the actual PUSCH transmission power may not be larger than 20dBm for the UE supporting PC3 UL MIMO, which could degrade performance for cell-edge UE. Based on the discussion in RAN1, for mode 1 transmission, if the UE can support full power transmission at one antenna connector, it is expected that maximum output power capability can be utilized. 

An example is shown in Figure 1. Two antennas are connected to two 20dBm PAs in one possible PA configuration. The total output power for PUSCH can reach to 23dBm, but if one of the two antennas is selected by TPMI, power larger than 20dBm cannot be reached. In the case that a UE with two PAs and the maximum output power of one PA is 23 dBm while the other PA is 20 dBm, one of its antennas can support PUSCH transmission larger than 20 dBm. To enable full power transmission, gNB needs to know each antenna’s power capability for PUSCH transmission. Otherwise, there will be a mismatch between TPMI for port selection and the exact port for PUSCH transmission with full power.
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Figure 1 PA configuration for UL MIMO
To support this new feature in Rel-16, a new UE capability to indicate the supported power class at one antenna connector for UE supporting UL MIMO is needed. It is noted that the mapping relationship between port and physical antenna connector may also be necessary. 
2.4 Possible solutions
Based on the discussion above, the following options could be considered to solve the ambiguity issue identified in RAN4.

Option 1: Define a UE capability to indicate the 1Tx power class for a UE supporting UL MIMO
This option is not specific to PC2 UE, it can also address the RAN1 issue discussed in section 2.3 for PUSCH transmission in mode-1 to fully utilize the UE transmission capability at single antenna connector. 

Option 2: Define specific power class capability for UL MIMO.
With this capability it can address the RAN4 issue but cannot solve the RAN1 issue. 

UL MIMO is a Rel-15 feature. Now the ASN.1 is frozen. In order to solve the RAN4 identified issue, new capability signalling is needed in RAN2 specification. Whether the newly added signalling can be incorporated in Rel-15 spec is up to RAN2 discussion. 
3 Conclusion

Consideration on PC2 UL MIMO is discussed in this contribution. Two options are provided to solve the RAN4 ambiguity issue.
Option 1: Define a UE capability to indicate the 1Tx power class for a UE supporting UL MIMO
Option 2: Define specific power class capability for UL MIMO.

No matter which option is adopted, new signalling is needed in RAN2 specification.

Proposal 1: New signalling is needed for UE supporting UL MIMO.
Proposal 2: Send LS to RAN2 to ask for new signalling design for UL MIMO. 
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