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Introduction
Intra-band non-contiguous CA in B7 for LTE with 2UL was proposed in RAN#72[1], which include two combination sets. 4 different channel bandwidths, e.g. 5, 10, 15 and 20MHz per CC are supported in both UL and DL for set 1, while 3 different channel bandwidths, e.g. 10, 15 and 20MHz are supported in both UL and DL for set 3.  
For CA_7A-7A with 2UL cases, IMD products which fall into DL carriers lead to REFSENS degradation. Therefore compared to 1UL case, UE interferences for 2UL not only consider the transmitter leakages due to narrow gap, but also take IMD interference into account. In this contribution, we discuss the UL configuration assumed in B7 with 2UL for UE receiver requirements. 
Discussion
In former discussion on UL configurations for intra-band NC CA with 1UL cases, TX signal leakage on RX has a big impact on REFSENS especially for the band which has a narrow gap between UL and DL, and REFSENS requirements are defined in specification based on the worst case that PCC UL is located at the upper edge of UL operating band and SCC DL is located as close as possible to PCC UL. The amount of transmitter leakage on the DL carrier closer to the UL operating band(DL SCC) is evaluated for B7 as a function of sub-block gap as shown in Figure 1. The UL configurations set the maximum allowable number of UL resource blocks so as to avoid desensitization due to transmitter leakage. More specifically, the maximum allowable number of UL resource blocks should set such that the transmitter leakage is kept below -110.5dB, -107.5dB, -105.7dB, -104.5dB for B7 5MHz, 10MHz, 15MHz and 20MHz DL carrier. If the transmitter leakage exceeds the allowed level, then REFSENS relaxation ΔRIBNC need be specified. 


Figure 1. The model of intra-band non-contiguous CA with 1UL
Narrow gap
Compared to intra-band non-contiguous CA case with 1UL, 2UL case adds the SCC UL as shown in Figure 2. The transmitter leakage to DL carriers from SCC UL is negligible due to large TX-RX separation, and it is not such challenge as well as PCC UL transmitter leakage. The worst case is similar as 1UL case, transmitter leakage to DL carrier from PCC UL which located at upper edge of UL operating band. Therefore, if consider narrow gap impact on REFSENS degradation, UL configuration and REFSENS degradation of PCC for intra-band non-contiguous CA with 2UL could follow the corresponding 1UL case, hence RB restrictions of PCC UL follow the 1UL case meanwhile SCC UL could use full RB allocation. 


Figure 2. The model of intra-band non-contuiguous CA with 2UL
[bookmark: _GoBack]Proposal 1: For intra-band non-contiguous CA with 2UL, UL configuration of PCC would follow 1UL case and SCC UL could use full RB configurations. Meanwhile, with regard to REFSENS degradation in terms of transmitter leakage, the related REFSENS relaxation of SCC DL is as well as 1UL case while PCC DL to be 0dB. 
IMD impact
For intra-band non-contiguous CA with 2UL, IMD issue is another critical challenge to REFSENS requirements. When RAN4 discussed the first intra-band non-contiguous CA case with 2UL(CA_4A-4A), the generalized IMD formulas have been approved and applied for all the intra-band non-contiguous CA cases with 2UL[2]. Figure 3 (a) shows a generalized intra-band non-contiguous CA model and (b) is the model of CA_7A-7A with 2UL. 


Figure 3 (a)A generalized intra-band non-contiguous CA model for IMD analysis


Figure 3 (b) The model of CA_7A-7A with 2UL
IMD3 and IMD5 products are taken into account for IMD interference analysis for CA_7A-7A with 2UL, since power level reduces with the higher order IMD, so IMD7 interference has slight influence to REFSENS assumed B7 adopting normal Power Class 3 level. Hence, due to BWs of two carriers (a, b = 5, 10, 15, 20MHz) and spacing values (c, d) are positive numbers, formulas for the criteria of CA_7A-7A UL intermodulation products overlapping with its DL carrier are captured in Table1. And because maximum value of b is 20MHz, so values of b-50 and 2b-50 are negative, so IMD3 and one kind of IMD5 will not fall into CC2 DL.
Table 1 Formula for the criteria of CA_7A-7A UL IMD products overlapping with its DL carriers
	IMD order
	Criteria for IMD overlapping with 

	
	CC1 (SCC)
	CC2 (PCC)

	3rd 
	0 < c+d < 10
	-50-(a+b)-b < c+d < b-50 (impossible)

	5th 
	30-(a+b) < c+d < 30
	0 < c+d < 10+b/2

	
	0 < c+d < 10+b/2
	-50-(a+b)-2b < c+d < 2b-50 (impossible)


In addition, IMD scenarios could be derived into 3 ranges based on spacing values (c, d)
1) 0 < c+d < 10
· IMD3 fall into CC1 DL
· IMD5 fall into both CC1 and CC2 DLs
2) 10 ≤ c+d < 10+b/2
· IMD5 falls into both CC1 and CC2 DLs
3) 10+b/2 ≤ c+d and 30-(a+b) < c+d < 30
· IMD5 falls into CC1 DL
The REFSENS degradation of CC1(SCC) and CC2(PCC) DLs are different by virtue of different IMD scenarios. Thus the distance between both CCs (Wgap) should be re-investigated in terms of different IMD scenarios simultaneously considered Wgap ranges from transmitter leakage impact study. In addition, PCC RB allocations follow the UL configuration of CA_7A-7A with 1UL and SCC adopts the full RB allocation, which as shown in Table 2.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK5]Proposal 2: Based on Wgap ranges of UL configuration for intra-band non-contiguous CA with 1UL (Table 7.3. 1A-3 of TS 36.101), Wgap for 2UL case should be re-investigated in terms of different IMD scenarios which as shown in Table 2. 
According to approved WF for intra-band non-contiguous CA[3]
· For dual uplink intra-band non-contiguous CA, REFSENS is defined to be met when both downlink component carriers and both uplink component carriers are active.
· Band specific MSD value for any dual uplink non-contiguous intra-band CA configuration with ULs in different sub-blocks shall be specified in 36.101 to define the requirement REFSENS.
· [bookmark: OLE_LINK2][bookmark: OLE_LINK3]When we identify any CA configuration for non-contiguous intra-band CA having MSD not be 0dB, the applicability of the agreement for 2UL inter-band CA A2 and A4 is such that second requirement for REFSENS for 2UL inter-band CA shall be discussed also for non-contiguous intra-band CA. 
· MSD for CA_4A-4A is 0dB (pending that tentative MPR mask is applied).
· For dual uplink intra-band non-contiguous CA TDD bands the MSD shall be 0dB
Hence the agreed MSD method for inter-band CA with 2UL could be further reused for intra-band non-contiguous CA with 2UL. WF on inter-band 2UL CA MSD test configurations[4] in RAN4#71 are used to capture the MSD of  CA_7A-7A with 2UL.
1) Choose the worst case self-desensitization condition for the CA combinations which have IMD issue, which means that choose a specific carrier frequency allocation such that IMD is center-aligned with victim DL carrier.
2) Choose 5MHz bandwidth with full RB for all carriers (if supported in a CA combinations), and in this case CA_7A-7A support 5MHz
3) A correction factor(CF) is calculated to address the power difference between the total IMD power and the power within DL carrier modulation bandwidth.
And then the total IMD value is evaluated after setting test configurations as above, and MSD could be obtained compared to REFSENS level. As shown in Table 2, there exist both IMD3 and IMD5 for SCC DL when Wgap is large. Hence approved WF on MSD definition for 2UL inter-band CA combinations which have multiple IMDs for one band[5] in last meeting could also be considered as reference
· Proposal1: For each UL inter-band CA only the highest MSD is specified automatically. Each IMD that falls on top of own DL channel and has≥[2]dB MSD will be specified as well. This applies from Rel14 onwards.
· Proposal2: A column shall be added in Rel14 UL Inter-band CA MSD tables to tell the source of IMD. 
· Proposal3: An informative note to UL Inter-band CA MSD tables shall be added in Rel14 to indicate if there are other IMD’s than the specified one(s) for each band.
· Proposal 4: Case when two or more IMD’s fall on top of each other is FFS
Therefore, Wgap range division in Table 2 could be further simplified and merged depending on IMD3 and IMD5simulation results. 
Proposal 3: Agreements on IMD test configurations and multiple MSD definitions for 2UL inter-band CA could be used as reference for MSD study of intra-band non-contiguous CA with 2UL.
· MSD test configurations for CA_7A-7A with 2UL are 
· Choose the worst case self-desensitization condition for the CA combinations which have IMD issue, which means that choose a specific carrier frequency allocation such that IMD is center-aligned with victim DL carrier.
· Choose 5MHz bandwidth with full RB for all carriers. 
· A correction factor(CF) is calculated to address the power difference between the total IMD power and the power within DL carrier modulation bandwidth.
· For UL intra-band non-contiguous CA with 2UL, only the highest MSD is specified automatically. Each IMD that falls on top of own DL channel and has≥[2]dB MSD will be specified as well.
As described above, for intra-band non-contiguous CA with 2UL, there exist both REFSENS degradations due to transmitter leakage and IMD interference. But the ΔR2UL_PCC and ΔR2UL_SCC are introduced into specification to represent the REFSENS relaxations due to IMD for PCC and SCC when define the REFSENS on 2UL intra-band non-contiguous CA[6]. For existing CA_4A-4A and CA_7A-7A with 2UL, the REFSENS degradation due to transmitter leakage is 0dB when RB and Wgap are defined as the corresponding 1UL case, and hence REFSENS relaxation on SCC DL only consider REFSENS degradation in terms of IMD impact. However, if in future when the other 2UL intra-band non-contiguous CA cases are introduced which REFSENS degradation due to transmitter leakage not to be 0dB, then how to introduce the relaxation of SCC DL into specification. The alternative solution may be compare the REFSENS relaxations values due to transmitter leakage and IMD interference, and the worst case are introduced to the ΔR2UL_SCC in the TS36.101, while for PCC DL ΔR2UL_PCC just consider REFSENS degradation due to IMD interference.
Proposal 4: For REFSENS degradation in SCC DL, compare the REFSENS relaxation values due to transmitter leakage and IMD interference, and the worst case is introduced into the ΔR2UL_SCC in TS36.101, while in PCC DL only REFSENS degradation due to IMD interference is specified as ΔR2UL_PCC.
Table 2. UL configurations of CA_7A-7A with 2UL for REFSENS
	CA configuration
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	UL SCC allocation
	ΔR2UL_PCC 
(dB)
	ΔR2UL_SCC 
 (dB)
	Duplex mode

	CA_7A-7A
	25RB+25RB
	50.0 < Wgap ≤ 60.0
	25
	25
	TBD(IMD5)
	TBD (IMD3)
	FDD

	
	
	
	
	
	
	TBD (IMD5)
	

	
	
	47.5 < Wgap ≤ 50.0
	25
	25
	TBD(IMD5)
	TBD(IMD5)
	

	
	
	30.0 < Wgap < 40.0
	25
	25
	0.0
	TBD(IMD5)
	

	
	
	40.0 ≤ Wgap ≤ 47.5
0.0 ≤ Wgap ≤ 30.0
	25
	25
	0.0
	0.0
	

	
	25RB+50RB
	45.0< Wgap ≤ 55.0
	25
	50
	TBD(IMD5)
	TBD(IMD3)
	

	
	
	
	
	
	
	TBD(IMD5)
	

	
	
	42.5 < Wgap ≤ 45
	25
	50
	TBD(IMD5)
	TBD(IMD5)
	

	
	
	 25 < Wgap ≤ 40.0
	25
	50
	0.0
	TBD(IMD5)
	

	
	
	40.0 ≤ Wgap ≤ 42.5
0.0 ≤ Wgap ≤ 25.0
	25
	50
	0.0
	0.0
	

	
	25RB+75RB
	40.0 < Wgap ≤ 50.0
	25
	75
	TBD(IMD5)
	TBD(IMD3)
	

	
	
	
	
	
	
	TBD(IMD5)
	

	
	
	37.5 < Wgap ≤ 40
	25
	75
	TBD(IMD5)
	TBD(IMD5)
	

	
	
	20.0 < Wgap ≤ 37.5
	25
	75
	0.0
	TBD(IMD5)
	

	
	
	0.0 < Wgap ≤ 20.0
	25
	75
	0.0
	0.0
	

	
	25RB+100RB
	35 < Wgap ≤ 45
	25
	100
	TBD(IMD5)
	TBD(IMD3)
	

	
	
	
	
	
	
	TBD(IMD5)
	

	
	
	32.5< Wgap ≤ 35
	25
	100
	TBD(IMD5)
	TBD(IMD5)
	

	
	
	15 < Wgap ≤ 32.5
	25
	100
	0.0
	TBD(IMD5)
	

	
	
	0.0 < Wgap ≤ 15.0
	25
	100
	0.0
	0.0
	

	
	50RB+25RB
	45.0 < Wgap ≤ 55.0
	321
	25
	TBD(IMD5)
	TBD(IMD3)
	

	
	
	
	
	
	
	TBD(IMD5)
	

	
	
	40.0 < Wgap ≤ 45
	321
	25
	TBD(IMD5)
	TBD(IMD5)
	

	
	
	25.0 < Wgap ≤ 40.0
	321
	25
	0.0
	TBD(IMD5)
	

	
	
	0.0 < Wgap ≤ 25.0
	50
	25
	0.0
	0.0
	

	
	50RB+50RB
	40.0 < Wgap ≤ 50.0
	321
	50
	TBD(IMD5)
	TBD(IMD3)
	

	
	
	
	
	
	
	TBD(IMD5)
	

	
	
	35.0 < Wgap ≤ 40.0
	321
	50
	TBD(IMD5)
	TBD(IMD5)
	

	
	
	20.0 < Wgap ≤ 35.0
	321
	50
	0.0
	TBD(IMD5)
	

	
	
	0.0 < Wgap ≤ 20.0
	50
	50
	0.0
	0.0
	

	
	50RB+75RB
	35.0 < Wgap ≤ 45.0
	321
	75
	TBD(IMD5)
	TBD(IMD3)
	

	
	
	
	
	
	
	TBD(IMD5)
	

	
	
	30.0 < Wgap ≤ 35.0
	321
	75
	TBD(IMD5)
	TBD(IMD5)
	

	
	
	15.0 < Wgap ≤ 30.0
	321
	75
	0.0
	TBD(IMD5)
	

	
	
	0.0 < Wgap ≤ 15.0
	50
	75
	0.0
	0.0
	

	
	50RB+100RB
	30.0 < Wgap ≤ 40.0
	321
	100
	TBD(IMD5)
	TBD(IMD3)
	

	
	
	
	
	
	
	TBD(IMD5)
	

	
	
	25.0 < Wgap ≤ 30.0
	321
	100
	TBD(IMD5)
	TBD(IMD5)
	

	
	
	10.0 < Wgap ≤ 25.0
	321
	100
	0.0
	TBD(IMD5)
	

	
	
	0.0 < Wgap ≤ 10.0
	50
	100
	0.0
	0.0
	

	
	75RB+25RB
	40.0 < Wgap ≤ 50.0
	321
	25
	TBD(IMD5)
	TBD(IMD3)
	

	
	
	
	
	
	
	TBD(IMD5)
	

	
	
	32.5 < Wgap ≤ 40
	321
	25
	TBD(IMD5)
	TBD(IMD5)
	

	
	
	20.0 < Wgap ≤ 32.5
	321
	25
	0.0
	TBD(IMD5)
	

	
	
	0.0 < Wgap ≤ 20.0
	501
	25
	0.0
	0.0
	

	
	75RB+50RB
	35.0 < Wgap ≤ 45.0
	321
	50
	TBD(IMD5)
	TBD(IMD3)
	

	
	
	
	
	
	
	TBD(IMD5)
	

	
	
	27.5 < Wgap ≤ 35.0
	321
	50
	TBD(IMD5)
	TBD(IMD5)
	

	
	
	15.0 < Wgap ≤ 27.5
	321
	50
	0.0
	TBD(IMD5)
	

	
	
	0.0 < Wgap ≤ 15.0
	501
	50
	0.0
	0.0
	

	
	75RB+75RB
	30.0 < Wgap ≤ 40.0
	321
	75
	TBD(IMD5)
	TBD(IMD3)
	

	
	
	
	
	
	
	TBD(IMD5)
	

	
	
	22.5 < Wgap ≤ 30.0
	321
	75
	TBD(IMD5)
	TBD(IMD5)
	

	
	
	10.0 < Wgap ≤ 22.5
	321
	75
	0.0
	TBD(IMD5)
	

	
	
	0.0 < Wgap ≤ 10.0
	501
	75
	0.0
	0.0
	

	
	75RB+100RB
	25.0 < Wgap ≤ 35.0
	321
	100
	TBD(IMD5)
	TBD(IMD3)
	

	
	
	
	
	
	
	TBD(IMD5)
	

	
	
	17.5 < Wgap ≤ 25.0
	321
	100
	TBD(IMD5)
	TBD(IMD5)
	

	
	
	5.0 < Wgap ≤ 17.5
	321
	100
	0.0
	TBD(IMD5)
	

	
	
	0.0 < Wgap ≤ 5.0
	501
	100
	0.0
	0.0
	

	
	100RB+25RB
	35.0 < Wgap ≤ 45.0
	321
	25
	TBD(IMD5)
	TBD(IMD3)
	

	
	
	
	
	
	
	TBD(IMD5)
	

	
	
	25.0 < Wgap ≤ 35.0
	321
	25
	TBD(IMD5)
	TBD(IMD5)
	

	
	
	15.0 < Wgap ≤ 25.0
	451
	25
	0.0
	TBD(IMD5)
	

	
	
	0.0 < Wgap ≤ 25.0
	451
	25
	0.0
	0.0
	

	
	100RB+50RB
	30.0 < Wgap ≤ 40.0
	321
	50
	TBD(IMD5)
	TBD(IMD3)
	

	
	
	
	
	
	
	TBD(IMD5)
	

	
	
	20.0 < Wgap ≤ 30.0
	321
	50
	TBD(IMD5)
	TBD(IMD5)
	

	
	
	10.0 < Wgap  ≤ 20.0
	451
	50
	0.0
	TBD(IMD5)
	

	
	
	0.0 < Wgap  ≤ 10.0
	451
	50
	0.0
	0.0
	

	
	100RB+75RB
	25.0 < Wgap ≤ 35.0
	361
	75
	TBD(IMD5)
	TBD(IMD3)
	

	
	
	
	
	
	
	TBD(IMD5)
	

	
	
	15.0 < Wgap ≤ 25.0
	361
	75
	TBD(IMD5)
	TBD(IMD5)
	

	
	
	5.0 < Wgap ≤ 15.0
	501
	75
	0.0
	TBD(IMD5)
	

	
	
	0.0 < Wgap ≤ 5.0
	501
	75
	0.0
	0.0
	

	
	100RB+100RB
	20.0 < Wgap ≤ 30.0
	321
	100
	TBD(IMD5)
	TBD(IMD3)
	

	
	
	
	
	
	
	TBD(IMD5)
	

	
	
	10.0 < Wgap ≤ 20.0
	321
	100
	TBD(IMD5)
	TBD(IMD5)
	

	
	
	0.0 < Wgap ≤ 10.0
	451
	100
	0.0
	TBD(IMD5)
	



Conclusion
In this contribution we have discussed the UL configuration for intra-band non-contiguous CA in B7 with 2UL. When define REFSENS degradation, UE self-interferences include both transmitter leakages and IMD interferences. Here we proposed some views on UL configuration study for CA_7A-7A with 2UL.
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]Proposal 1: For intra-band non-contiguous CA with 2UL, UL configuration of PCC would follow 1UL case and SCC UL could use full RB configurations. Meanwhile, with regard to REFSENS degradation in terms of transmitter leakage, the related REFSENS relaxation of SCC DL is as well as 1UL case while PCC DL to be 0dB. 
Proposal 2: Based on Wgap ranges of UL configuration for intra-band non-contiguous CA with 1UL (Table 7.3. 1A-3 of TS 36.101), Wgap for 2UL case should be re-investigated in terms of different IMD scenarios which as shown in Table 2. 
Proposal 3: Agreements on IMD test configurations and multiple MSD definitions for 2UL inter-band CA could be used as reference for MSD study of intra-band non-contiguous CA with 2UL.
· MSD test configurations for CA_7A-7A with 2UL are 
· Choose the worst case self-desensitization condition for the CA combinations which have IMD issue, which means that choose a specific carrier frequency allocation such that IMD is center-aligned with victim DL carrier.
· Choose 5MHz bandwidth with full RB for all carriers. 
· A correction factor(CF) is calculated to address the power difference between the total IMD power and the power within DL carrier modulation bandwidth.
· For UL intra-band non-contiguous CA with 2UL, only the highest MSD is specified automatically. Each IMD that falls on top of own DL channel and has≥[2]dB MSD will be specified as well.
Proposal 4: For REFSENS degradation in SCC DL, compare the REFSENS relaxation values due to transmitter leakage and IMD interference, and the worst case is introduced into the ΔR2UL_SCC in TS36.101, while in PCC DL only REFSENS degradation due to IMD interference is specified as ΔR2UL_PCC.
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