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Introduction
In the RAN4#101 e-meeting, the MPR for PC2 contiguous UL CA with UL MIMO support using TxD was discussed in [1] and resulted in WF [2] covering both UL MIMO and TxD aspects. In this contribution, we provide additional measured data for 2Tx PC2 contiguous UL CA for 26+23dBm PA architecture, compare them to PC2 1Tx and 23+23 2Tx results and make MPR proposals.
Discussion
MPR and Architectures aspects to be confirmed
Here is the summary of agreements in [2] which are partially derived from measurements in [1].
Agreement: for 23+23dBm delta MPR
	
	CP-OFDM
	DFT-s-OFDM

	contiguous inner
	+0.5
	+1

	contiguous outer
	+0.5
	+1

	non-contiguous inner
	+0.5
	+1

	non-contiguous outer 1
	+1
	+1

	non-contiguous outer 2
	+1
	+1


Agreed WF for 26+26dBm MPR: In release 17 the 1Tx MPR can be reused without additional MPR for both 1Tx and 2Tx operations, i.e., rank-1 and rank-2 operations.
Agreed WF for 23+26dBm MPR: Depending on the capability signaling for 23+26dBm PC2 intra-band UL CA+UL-MIMO, either 23+23dBm MPR or 1Tx PC2 MPR will be applied
· FFS the capability signaling
· Option 1: reusing TxD
· Option 2: new signaling
WF UE capability options: FFS after the conclusion of 23+26 MPR and considering the following cases:
· Case1: 23+26 follows 1Tx PC2 MPR
· Case 2: 23+26 follows 23+23 MPR

As can be seen, the only open items are:
· The MPR requirement for the 26+23dBm case, and although in [1], we had measurements for this case we could not present them due to lack of time for analysis and knowing this was the lowest priority case
· Sorting the signaling aspects to be able to map the MPR.
Measurement results for 2Tx PC2 contiguous UL CA based on 26+23 dBm architecture
Since the measurements follow exactly the same methodology as in [1], please refer to it for measurement conditions and setup.

The results in Tables 1 and 2 are based on the worst results from the three 2Tx measurements and compares the 26+23dBm case with the 23+23dBm case and the 1Tx PC2 (26dBm) case.

Table 1 summarizes the ACLR related Pmax results for contiguous intra-band ULCA with contiguous allocations for:
· PC2 1Tx
· PC2 2Tx with two 23dBm PAs for WC 2Tx measurement
· PC2 2Tx with one 26dBm PA and one 23dBm PAs for WC 2Tx measurement
Table 2 provides the same results and same analysis for contiguous intra-band ULCA with non-contiguous allocations.



Table 1: Maximum power for ACLR requirements for PC2 1Tx and 2Tx cases for contiguous allocations
	Waveform\ Tx mode& power class 
	PC2 1Tx
26
	PC2 2Tx
23+23
	PC2 2Tx
26+23
	26+23

	WF
	CC1+CC2
BW
	type
	CC1
alloc.
	CC2
alloc.
	RB
Tot.
	
	
	
	vs PC2
	vs
23+23

	CP-OFDM
	5+5
	Contiguous Inner
	12RB13
	12RB0
	24
	25.9
	25.4
	25.6
	-0.3
	0.2

	
	20+5
	
	53RB53
	1RB0
	54
	25.4
	25.1
	25.2
	-0.2
	0.1

	
	20+20
	
	53RB53
	53RB0
	106
	25.5
	24.5
	24.9
	-0.6
	0.4

	
	50+50
	
	135RB135
	135RB0
	270
	25.4
	24.3
	25.2
	-0.2
	0.9

	DFT-s-
OFDM
	5+5
	
	12RB13
	12
	24
	-1
	25.1
	25.6
	-0.7
	0.5

	
	20+20
	
	50RB56
	50RB0
	100
	-0.8
	24.7
	24.8
	-1.4
	0.1

	
	50+50
	
	135RB135
	135RB0
	270
	25.5
	24.2
	24.4
	-1.1
	0.2

	CP-OFDM
	5+5
	contiguous Outer
	25RB0
	1RB0
	26
	22.9
	22.1
	22.3
	-0.6
	0.2

	
	5+5
	
	25RB0
	12RB0
	37
	22.2
	21.5
	21.8
	-0.4
	0.3

	
	5+5
	
	25RB0
	25RB0
	50
	22.4
	21.9
	22.1
	-0.3
	0.2

	
	20+5
	
	53RB53
	25RB0
	78
	22.5
	21.5
	21.7
	-0.8
	0.2

	
	20+5
	
	106RB0
	1RB0
	107
	22.4
	21.7
	21.9
	-0.5
	0.2

	
	20+5
	
	106RB0
	25RB0
	131
	22.4
	21.6
	21.9
	-0.5
	0.3

	
	50+5
	
	135RB135
	1RB0
	136
	23.6
	22.6
	23.1
	-0.5
	0.5

	
	50+20
	
	135RB135
	53RB0
	188
	24
	22.8
	23.5
	-0.5
	0.7

	
	20+20
	
	106RB0
	106RB0
	212
	22.5
	21.6
	22.1
	-0.4
	0.5

	
	50+5
	
	270RB0
	1RB0
	271
	22.8
	21.7
	22.5
	-0.3
	0.8

	
	50+50
	
	270RB0
	270RB0
	540
	22.2
	21.2
	22.1
	-0.1
	0.9

	DFT-s-OFDM
	5+5
	
	25RB0
	1RB0
	26
	24.8
	23.3
	24.2
	-0.6
	0.9

	
	5+5
	
	25RB0
	12RB0
	37
	23.8
	21.9
	23.1
	-0.7
	1.2

	
	5+5
	
	25RB0
	25RB0
	50
	23.5
	22.1
	22.9
	-0.6
	0.8

	
	20+5
	
	50RB56
	1RB0
	51
	-3.3
	25.5
	25.7
	-1.3
	0.2

	
	20+5
	
	50RB56
	25RB0
	75
	23.7
	22
	22.5
	-1.2
	0.5

	
	50+5
	
	135RB135
	1RB0
	136
	25.2
	23.1
	23.7
	-1.5
	0.6

	
	50+20
	
	135RB135
	50RB0
	185
	24.3
	23.2
	23.4
	-0.9
	0.2

	
	20+20
	
	100RB6
	100RB0
	200
	23.6
	21.8
	21.9
	-1.7
	0.1

	
	50+5
	
	270RB0
	1RB0
	271
	24.7
	22.6
	23
	-1.7
	0.4


Table 2: Maximum power for ACLR requirements for PC2 1Tx and 2Tx cases for non-contiguous allocations
	Waveform\ Tx mode& power class 
	PC2 1Tx
26
	PC2 2Tx
23+23
	PC2 2Tx
26+23
	26+23

	WF
	CC1+CC2
BW
	type
	CC1
alloc.
	CC2
alloc.
	RB
Tot.
	
	
	
	vs PC2
	vs
23+23

	CP-OFDM
	10+10
	Non-contiguous
	1RB
	1RB
	2
	22.4
	21.3
	21.6
	-0.8
	0.3

	
	10+10
	
	1RB
	2RB
	3
	22.1
	21.4
	21.8
	-0.3
	0.4

	
	10+10
	
	2RB
	2RB
	4
	22.6
	21.4
	21.9
	-0.7
	0.5

	
	10+10
	
	1RB
	4RB
	5
	22.4
	20.6
	21.1
	-1.3
	0.5

	
	10+10
	
	4RB
	4RB
	8
	22.5
	22
	22.3
	-0.2
	0.3

	
	10+10
	
	1RB
	12RB
	13
	23.5
	22.4
	22.8
	-0.7
	0.4

	
	10+10
	
	12RB
	12RB
	24
	22.5
	21.3
	21.8
	-0.7
	0.5

	
	10+10
	
	25RB
	25RB
	50
	22.3
	21.4
	21.8
	-0.5
	0.4

	
	20+40
	
	1RB
	53RB
	54
	25.2
	24.6
	24.9
	-0.3
	0.3

	
	20+40
	
	2RB
	53RB
	55
	24.3
	23.6
	23.7
	-0.6
	0.1

	
	20+40
	
	25RB
	53RB
	78
	22.2
	21.7
	21.8
	-0.4
	0.1

	
	40+40
	
	53RB
	53RB
	106
	22.7
	21.6
	22
	-0.7
	0.4

	
	50+50
	
	1RB
	135RB
	136
	-1.5
	25.9
	26.2
	-0.3
	0.3

	
	50+50
	
	53RB
	135RB
	188
	22
	20.7
	21.2
	-0.8
	0.5

	
	40+40
	
	106RB
	106RB
	212
	22
	21.2
	21.5
	-0.5
	0.3

	
	50+50
	
	135RB
	135RB
	270
	21.6
	20.6
	21.7
	0.1
	1.1

	
	50+50
	
	1RB
	270RB
	271
	21.9
	21.5
	22
	0.1
	0.5

	DFT-s-OFDM
	10+10
	
	1RB
	1RB
	2
	23.2
	21.7
	22.7
	-0.5
	1.0

	
	10+10
	
	1RB
	2RB
	3
	23.5
	22
	22.7
	-0.8
	0.7

	
	10+10
	
	2RB
	2RB
	4
	23.5
	21.5
	23.2
	-0.3
	1.7

	
	10+10
	
	1RB
	4RB
	5
	23.9
	22.3
	23.3
	-0.6
	1.0

	
	10+10
	
	4RB
	4RB
	8
	23.7
	22.1
	23.3
	-0.4
	1.2

	
	10+10
	
	1RB
	12RB
	13
	24.5
	23.1
	24
	-0.5
	0.9

	
	10+10
	
	12RB
	12RB
	24
	23.2
	21.7
	22.7
	-0.5
	1.0

	
	10+10
	
	25RB
	25RB
	50
	23.5
	22
	22.7
	-0.8
	0.7

	
	20+40
	
	1RB
	50RB
	51
	25.8
	24.7
	24.9
	-0.9
	0.2

	
	20+40
	
	25RB
	50RB
	75
	23.4
	22
	22.4
	-1.0
	0.4

	
	40+40
	
	50RB
	50RB
	100
	23.6
	21.3
	21.8
	-1.8
	0.5

	
	50+50
	
	1RB
	135RB
	136
	-3.6
	25.9
	26.3
	-0.9
	0.4

	
	50+50
	
	50RB
	135RB
	185
	23.4
	21.1
	22
	-1.4
	0.9

	
	50+50
	
	135RB
	135RB
	270
	22.4
	21.2
	21.4
	-1.0
	0.2

	
	50+50
	
	1RB
	270RB
	271
	24
	22.7
	22.9
	-1.1
	0.2



Notes on the results: The comparison analysis values highlighted in yellow are an extrapolation for the cases where there are still margin to ACLR at the 26dBm maximum power. In those cases, the delta value is calculated by assuming a 3dB/dB increase of ACLR vs. Pout. This is verified on the ACLR slope in our measurements.

Observations:
· When comparing 26+23dBm 2Tx measurements versus 1Tx PC2 measurements in the same setup and with the same PA, it can be seen that the same power cannot be achieved (negative margin), in general the difference is higher:
· For DFT-s-OFDM versus CP-OFDM
· For contiguous allocations versus non-contiguous allocation
· When comparing 26+23dBm 2Tx measurements versus 2Tx 23+23dBm measurements in the same setup and with the same PA, as expected the 26+23dBm architecture has margins in all cases. Accounting for the measurement error, it can be seen that the 26+23dBm architecture can achieve on average ~0.5dB better power than 23+23dBm case. there is some variation though in the results and in some cases, assuming that the measurement error is in the worst direction, there are case where only 0.3dB difference is achieved.

Given the results and the small improvement provided by the 26+23dBm we propose the following:

Proposal for 26+23dBm delta MPR: same delta MPR is adopted than for 23+23dBm case
	Allocation type
	CP-OFDM
	DFT-s-OFDM

	contiguous inner
	+0.5
	+1

	contiguous outer
	+0.5
	+1

	non-contiguous inner
	+0.5
	+1

	non-contiguous outer 1
	+1
	+1

	non-contiguous outer 2
	+1
	+1


Signalling Aspects
Before we discuss the signaling aspects for ULCA+MIMO it is worth noting that a similar discussion is on-going for 1CC 2Tx cases and last meeting GTW agreements are copied below from [3].
Agreement, Declaration of TxD for UE’s with at least one full power PA:
· Leave TxD as implementation aspect and assume that UE that does not declare TxD meets 1Tx requirements and has at least one full power PA
· Only UE supporting 23+23 for PC2 and UE supporting 26+26 for PC1.5 are allowed to report TxD
· FFS whether 1Tx PC2 MPR requirement or 23+23 TxD MPR requirement needs be applied to 23+26 UE
· If PC2 UE does not report TxD, then 1Tx PC2 MPR requirement will be applied at least in one Tx operation mode
Agreement PC2 26+23 dBm MPR: encourage companies to provide more evaluation and measurement data in future.
It should be noted that there is an agreement that TxD can only be signaled for 2Tx PC2 and PC1.5 that correspond to the 2x1/2 architecture described in [4] and it seems logical that the same applies to the 2CC case (i.e. that it only applies to the 23+23dBm case for PC2 ULCA).
The PC2 2Tx 26+26dBm case for ULCA+MIMO is different from the 26+26dBm case for 1CC 2Tx PC1.5 case:
· First the output power is bounded by the PC2 MOP range and thus the overall UE thermal and power management is dimensioned for 26dBm instead of 29dBm
· If for single CC operation the 26+26dBm architecture can reach MOP for any allocation while in the CA case, as equal PSD is used between CC and not equal power, 29dBm can only be achieved for equal allocated RB bandwidth in each CC
· Compared to 1CC 2Tx PC1.5 case, the PC2 2Tx 26+26dBm case for ULCA+MIMO does not need to implement TxD to achieve 1Tx ULCA operation.

Observation: 
· In the context of PC2 ULCA+MIMO, the 26+26dBm architecture cannot be associated with PC1.5 and is not mandated to implement or signal TxD
· Logically only the 23+23dBm architecture can signal TxD for PC2 ULCA (with or without MIMO).

Based on this observation, there is a need to distinguish the 26+23dBm and 26+26dBm cases for ULCA+MIMO that both do not signal TxD. To build on the approach adopted for PC1.5 MPR for smartphone and FWA, it is proposed to use modifiedMPR-Behaviour which given the fact that this architecture has large margins to the 1Tx/1PA PC2 ULCA MPR, will also allow updates in the future.

Proposal on PC2 ULCA+MIMO MPR mapping to TxD and modifiedMPR-Behaviour
	Architecture
	2Tx Delta MPR
	1Tx MPR
	TxD
	modifiedMPR-Behaviour

	23+23dBm
	Yes as in section 1.1 in WF R4-2119954
	Same as 2TX
	yes
	no

	26+23dBm
	Yes (same as 23+23dBm)
	1Tx PC2 MPR in section 6.2A.2.1
	no
	no

	26+26dBm
	no
	1Tx PC2 MPR in section 6.2A.2.1
	no
	yes


Applicability of the 23+23dBm case to ULCA without MIMO
As proposed in [4], it should be noted that PC2 delta MPR agreed to in R4-2119954 for PC2 contiguous ULCA+MIMO 23+23dBm case can apply for PC2 contiguous ULCA without MIMO (TxD is signaled). This mode is needed for this architecture when MIMO is no longer configured for PC2 ULCA+MIMO while the other architectures can use the available 26dBm PA to meet the 1TX PC2 MPR as shown in the Table above.

Proposal for contiguous UL CA without MIMO for PC2: A case for bandwidth class B and C is added in section 6.2A.2.1 of 38.101-1for UE signaling TxD with delta MPR vs Table 6.2A.2.1-1a and Table 6.2A.2.1-3, as in section 1.1 in WF R4-2119954.
Conclusions
In this contribution, we provided measurement update for 2Tx PC2 intra-band contiguous UL CA 26+23dBm case on top of last meeting measurements for 2x26dBm and 2x23dBm architectures, it allowed the following proposals.

Proposal for 26+23dBm delta MPR: same delta MPR is adopted than for 23+23dBm case
	Allocation type
	CP-OFDM
	DFT-s-OFDM

	contiguous inner
	+0.5
	+1

	contiguous outer
	+0.5
	+1

	non-contiguous inner
	+0.5
	+1

	non-contiguous outer 1
	+1
	+1

	non-contiguous outer 2
	+1
	+1



Proposal on PC2 ULCA+MIMO MPR mapping to TxD and modifiedMPR-Behaviour
	Architecture
	2Tx Delta MPR
	1Tx MPR
	TxD
	modifiedMPR-Behaviour

	23+23dBm
	Yes as in section 1.1 in WF R4-2119954
	Same as 2TX
	yes
	no

	26+23dBm
	Yes (same as 23+23dBm)
	1Tx PC2 MPR in section 6.2A.2.1
	no
	no

	26+26dBm
	no
	1Tx PC2 MPR in section 6.2A.2.1
	no
	yes



Proposal for contiguous UL CA without MIMO for PC2: A case for bandwidth class B and C is added in section 6.2A.2.1 of 38.101-1for UE signaling TxD with delta MPR vs Table 6.2A.2.1-1a and Table 6.2A.2.1-3, as in section 1.1 in WF R4-2119954.
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