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Introduction
DC_(n)71AA is the only intra-band EN-DC combination for which dual simultaneous uplink (UL) transmission is mandatory for Dynamic Power Sharing (DPS) capable UEs. For DPS capable UEs, maximum sensitivity degradation (MSD) test points have been specified. For non-DPS capable UEs, single UL transmissions are allowed, however, no associated MSD test points have been specified. This contribution brings single UL REFSENS test points for the legacy BCS 0,1 as well as for the new BCS2 for DC_(n)71AA [1].
Discussion
Background: BCS 0,1 and 2 for DC_(n)71AA
Table 1 summarizes the DC_(n)71AA legacy BCS 0,1 and the request for new BCS2 [1].
[bookmark: _Ref71625552]Table 1: DC_(n)71AA BCS0,1,2 table
	E-UTRA – NR configuration / Bandwidth combination set

	Downlink
EN-DC configuration
	Uplink EN-DC configurations
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth (MHz)
	Bandwidth combination set

	
	
	Channel bandwidths for E-UTRA carrier (MHz)
	Channel bandwidths for NR carrier (MHz)
	Channel bandwidths for E-UTRA carrier (MHz)
	
	

	DC_(n)71AA
	DC_(n)71AA3
	15
	5
	
	20
	0

	
	
	10
	5, 10
	
	
	

	
	
	5
	5, 10, 15
	
	
	

	
	
	
	5
	15
	
	

	
	
	
	5, 10
	10
	
	

	
	
	
	5, 10, 15
	5
	
	

	
	
	5
	5, 10, 15, 20
	
	253
	1

	
	
	10
	5, 10, 15
	
	
	

	
	
	15
	5, 10
	
	
	

	
	
	
	5, 10, 15, 20
	5
	
	

	
	
	
	5, 10, 15
	10
	
	

	
	
	
	5, 10
	15
	
	

	
	-
	5
	5, 10, 15, 20
	
	356
	2

	
	
	10
	10, 15, 20
	
	
	

	
	
	15
	15, 20
	
	
	

	
	
	
	5, 10, 15, 20
	5
	
	

	
	
	
	10, 15, 20
	10
	
	

	
	
	
	15, 20
	15
	
	

	NOTE 3:	For maximum DL aggregated bandwidth of 25 MHz the asymmetric UL and DL channel bandwidth combination of Table 5.3.6-1 in TS 38.101-1 [2] is used with a maximum UL contiguous aggregated bandwidth of 20 MHz. Furthermore, a restriction is imposed on bandwidth combinations so that only a subset of BCS1 is allowed to be used on the uplink, and this subset is equivalent to BCS0.
NOTE 6:	Bandwidth Combination Set 2 only applies to intra-band EN-DC paired with another E-UTRA band without both bands of the intra-band combination in the uplink.



Table 2 summarizes the single UL allowed eligibility for DC_(n)71AA.
[bookmark: _Ref71625921]Table 2: Single UL allowed for DC_(n)71AA
	[bookmark: _Hlk515953743]EN-DC
configuration
	Uplink EN-DC
configuration
(NOTE 1)
	Single UL allowed


	DC_(n)71AA2
	DC_(n)71AA
	No4

	NOTE 4:	For UE(s) supporting dynamic power sharing it is mandatory to do dual simultaneous UL. For UE(s) not supporting dynamic power sharing single UL is allowed. Uplink DC_(n)71AA is not applicable to BCS2.



We note that:
· For BCS0 and BCS1, single UL operation is allowed for non DPS capable UEs.
· For BCS2, the uplink configuration is not intended to be used as DC_(n)71AA (note 4 - Table 2). This means that in band 71 only NR single uplink transmissions are specified. For BCS2, the E-UTRA/LTE anchor point is configured in another frequency band, such as, for example LTE band 2. In which case, one example of combination that makes use of BCS2 is DC_2A-(n)71AA for which:
·  the maximum supported uplink configuration is:
· NR in band n71 UL CBW = 20MHz; and
· LTE in band 2 UL CBW = 20MHz.
· the maximum supported downlink configuration is:
· NR in band n71 DL CBW = 20MHz;
· LTE in band 71 DL CBW = 15MHz; and
· LTE in band 2 DL CBW = 20MHz.
In all BCS cases, single UL operation is supported for DC_(n)71AA, yet the single UL REFSENS test points are currently missing in TS 38.101-3.

Observation 1: For DC_(n)71AA BCS 0, 1 and new BCS2, single UL operation is specified and yet the associated single UL REFSENS specifications are missing in TS 38.101-3.
 

Single UL REFSENS Test Points Selection
The UL configuration options for DC_(n)71AA are a little complicated due to the different restrictions on maximum uplink aggregated bandwidth on one side, and the restrictions on the asymmetric UL/DL CBW of band n71 on the other side. To minimize the number of test points, we propose to follow proposal 1 and proposal 2 presented this week in [2] and reproduced here with text restricted to cover the case intra-band contiguous EN-DC combinations:
Proposal 1: Only for single UL intra-band REFSENS MSD test points, and only in future Rel-17 intra-band EN-DC combinations or for future intra-band EN-DC BCS updates, adopt WF [3] agreement for the selection of the UL aggressor RB configuration with the additional optimization:
For intra-band contiguous EN-DC:
· For each distinct Uplink Aggressor CBW, only specify the worst-case (highest) MSD test point. This corresponds to the collision of the lowest victim’s CBW which experiences the greatest overlap with the lowest IMD order.

Proposal 2: For Rel-17 single UL REFSENS MSD test points,
For intra-band contiguous:
· Only specify single UL REFSENS test point where NR is the aggressor and LTE the victim.

We therefore propose for each BCS to capture only one test point per NR UL aggressor CBW. 

To illustrate proposal 1, Figure 1 below shows the IMD landscape for the case of NR UL 20/DL 20 MHz CBW, a case which is only applicable to BCS2. Figure 1 shows that the victim’s smallest CBW case “A” is not the case that leads to worst case (highest) MSD since it does not correspond to a collision with the lowest IMD order. The lowest IMD in this case is IMD3 (third order), and the lowest victim’s channel bandwidth at which maximum IM overlap occurs is LTE 10MHz CBW, case B. Between case B and case C, it is expected that the amount of IM noise falling in C is greater than in case B, but less than the difference in REFSENS levels. So according to proposal 1, when aggressor is 20MHz, the most significant MSD test point is that of case B. Throughout this document we use a notation “Nx” / “Ly” to refer to “NR carrier with ‘x’ CBW”, and “LTE carrier with ‘y’ CBW”, where x and y are expressed in MHz. All intermodulation (IM) product mentioned below refers to the intermodulation product of the modulated UL resource block (RB) with its image.


[image: ]
[bookmark: _Ref71107094]Figure 1: Simplified IMD collision landscape for DC_(n)71AA BCS2 NR UL 20MHz CBW vs LTE DL 5MHz (A), 10MHz (B), 15MHz (C) for the example UL allocation of 5RB0. Diagram presented only for illustration purposes.

For BCS2, we only 3 test points:
· N20 IM3 colliding with L10 as shown in Figure 1- B. This test point applies only to BCS2.
· N15 IM5 colliding with L10 (IMD landscape not shown). This test point applies only to BCS2.
· N10 ½ IM7 + IM9 colliding with L10. This test point applies to BCS 0,1,2.
The case of N5 shows that the IM order colliding with any LTE CBW is greater than order 13, so no test point is needed.
Unfortunately, we need additional test points to cover BCS 0 and BCS 1 for N15, and specific test points to accommodate the asymmetric UL/DL configurations of BCS 1 as follows:

For BCS 1 we need two additional test points that apply only to BCS1:
· Asymmetric UL N15 / DL N20 colliding with L5.
· Asymmetric UL N10 / DL N15 colliding with L10.

For BCS0 we need 1 test point when aggressor is N15 and victim is L5. Even though this test point is specific to BCS0 N15, it also applies to BCS1 and BCS2.

We propose a measurement campaign to capture the corresponding 6 MSD for test points listed in Table 3. 

[bookmark: _Ref71639196]Table 3 Single UL REFSENS test points for DC_(n)71AA BCS 0, BCS 1, BCS2.
	EN-DC configuration / channel allocations /MSD

	EN-DC configuration
	E-UTRA/NR band
	FC (UL)
(MHz)
	UL Channel bandwidth
(MHz)
	UL allocation (LCRB)
	FC (DL)
(MHz)
	MSD
(dB)

	DC_(n)71AAX
	71
	N/A
	10
	N/A
	642.0
	[TBD]

	
	n71
	673.0
	20
	[5 (RBstart = 0)]
	627.0
	N/A

	DC_(n)71AAX
	71
	N/A
	10
	N/A
	637.0
	[TBD]

	
	n71
	670.5
	15
	[5 (RBstart = 0)]
	624.5
	N/A

	DC_(n)71AAXXX
	71
	678.0
	10
	N/A
	632.0
	[TBD]

	
	n71
	668.0
	10
	[5 (RBstart = 0)]
	622.0
	N/A

	DC_(n)71AAXX
	71
	680.5
	5
	N/A
	639.5
	[TBD]

	
	n71
	670.5
	151
	[5 (RBstart = 0)]
	627.0
	N/A

	DC_(n)71AAXX
	71
	678.0
	10
	N/A
	637
	[TBD]

	
	n71
	668.0
	101
	[5 (RBstart = 0)]
	624.5
	N/A

	DC_(n)71AAXXX
	71
	680.5
	5
	N/A
	634.5
	[TBD]

	
	n71
	670.5
	15
	[5 (RBstart = 0)
	624.5
	N/A

	NOTE 1:       In accordance to BCS1, the NR uplink bandwidth is specified as in this table, but the corresponding NR downlink bandwidth is 5 MHz larger.
NOTE X:	Applicable only to BCS 2.
NOTE XX:	Applicable only to BCS 1.
NOTE XXX:  Applicable to BCS 0,1,2. For BCS2, the E-UTRA uplink carrier frequency is N/A.




Power Amplifier Calibration and REFSENS Assumptions
For Power Amplifier (PA) transmitter (Tx) noise emission measurements in receiver (Rx) band, we assume:
· PA calibration point is 20 MHz, 15 kHz, QPSK, DFT-S-OFDM, 100 RB at lower channel edge with 1 dB MPR;
· Post PA losses: 4dB;
· Power Class 3 (PC3) operation;
· Local Oscillator (LO) leakage: -28dBc;
· IQ Image rejection: -28dB; and
· C-IM3: -60dBc, C-IM5: -70dBc.
For REFSENS estimations, we assume:
· 55 dB Tx to RX and Tx to Antenna duplexer rejection in Rx band; 
· 10 dB Primary antenna to diversity antenna isolation;
· 4 dB Post PA loss;
· 4 dB Antenna to LNA front-end losses;
· 3 dB Antenna diversity gain;
· -1 dB SNR; and
· Previously agreed rules to compute correlated and uncorrelated MRC contributions.

Measurement Results
Due to lack of time, measurements results were not available at the time of writing. We plan to bring measured Tx noise and corresponding MSD levels during the electronic-meeting.
sjah
Conclusion
In this paper, we propose some single UL REFSENS test points for DC_(n)71AA as listed in Table 3. 

Table 3 Single UL REFSENS test points for DC_(n)71AA BCS 0, BCS 1, BCS2.
	EN-DC configuration / channel allocations /MSD

	EN-DC configuration
	E-UTRA/NR band
	FC (UL)
(MHz)
	UL Channel bandwidth
(MHz)
	UL allocation (LCRB)
	FC (DL)
(MHz)
	MSD
(dB)

	DC_(n)71AAX
	71
	N/A
	10
	N/A
	642.0
	[TBD]

	
	n71
	673.0
	20
	[5 (RBstart = 0)]
	627.0
	N/A

	DC_(n)71AAX
	71
	N/A
	10
	N/A
	637.0
	[TBD]

	
	n71
	670.5
	15
	[5 (RBstart = 0)]
	624.5
	N/A

	DC_(n)71AAXXX
	71
	678.0
	10
	N/A
	632.0
	[TBD]

	
	n71
	668.0
	10
	[5 (RBstart = 0)]
	622.0
	N/A

	DC_(n)71AAXX
	71
	680.5
	5
	N/A
	639.5
	[TBD]

	
	n71
	670.5
	151
	[5 (RBstart = 0)]
	627.0
	N/A

	DC_(n)71AAXX
	71
	678.0
	10
	N/A
	637
	[TBD]

	
	n71
	668.0
	101
	[5 (RBstart = 0)]
	624.5
	N/A

	DC_(n)71AAXXX
	71
	680.5
	5
	N/A
	634.5
	[TBD]

	
	n71
	670.5
	15
	[5 (RBstart = 0)
	624.5
	N/A

	NOTE 1:       In accordance to BCS1, the NR uplink bandwidth is specified as in this table, but the corresponding NR downlink bandwidth is 5 MHz larger.
NOTE X:	Applicable only to BCS 2.
NOTE XX:	Applicable only to BCS 1.
NOTE XXX:  Applicable to BCS 0,1,2. For BCS2, the E-UTRA uplink carrier frequency is N/A.
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