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1	Background 
In RAN#101, the CA_n26(2A) DL/UL band combination request was captured in the LBLB WI [1]. Initially this assumed to have a study phase, but it was deemed as a “normal” CA combination that can be treated directly in a WI. In this contribution we evaluate how this combination is not typical and is likely to result in poor performance and significant work in RAN4.
2 Discussion
In RAN#101 the band combination CA_n26(2A) was requested with non-contiguous ULCA UL configuration. This was first requested within the LB SI [FS_NR_700800900_combo_enh] but finally moved to the LBLBLB WID [NR_700800900_combo_enh] [1] as it was deemed as a “normal” combination that did not need any study phase. In this paper, we will demonstrate that in fact, this combination is a first of a kind: a low band FDD non-contiguous UL CA.
2.1 Current intra-band NC ULCA and ENDC cases
Currently in 38.101-1 the only non-contiguous ULCA cases are: CA_n41(2A), CA_n77(2A) and CA_n78(2A). For EN-DC, the only FDD case is DC_3_n3 (the only TDD case is DC_41_n41). DC_3_n3 MSD was evaluated back in Release 15 with both 1PA (very poor performance) and 2PA (still poor performance for the worst case) assumptions and multiple CC gap values (different IMD order interference) but, moreover, SUO was allowed thus single PA implementations with reasonable performance was possible. Each of the other intra-band ULCA have single switched UL only support, and thus use only one PA (DC_1_n1, DC_2_n2, DC_5_n5, DC_7_n7, DC_40_n40, DC_48_n48, DC_66_n66 and DC_71_n71). See the tables in the annex section for the currently specified intra-band non-contiguous NRCA and ENDC cases.

The TDD wideband cases are of interest because of a fragmented spectrum in these wideband bands especially for n77 in North America, Japan and possibly Korea. However, it should be noted that:
· This assumes that two PAs are used (to avoid 1PA restrictions in term of bandwidth separation and inter-CC gap). This is in line with support of UL MIMO in these bands
· The two PA approach is also required for PC1.5 
· This approach does not require an additional filter, as the second PA can use the DL filter thanks to TDD operation
· Still, cases like CA_n41(2A), has significant NS_04 related A-MPR 
· Thanks to the TDD operation, there is no self de-sense issue
· There are no close proximity bands which could result in coexistence issues (the gap to over bands is at least 100MHz, thus no coexisting band is overlapping with the SEM mask regions >-25dBm/MHz).

Observation: CA_n26(2A) is the first case for non-contiguous intra-band ULCA with mandatory 2UL CC support (DC_3_n3 had SUO allowed). Thus, it is a first of a kind that requires attention (if not a study). It is also the first low band FDD non-contiguous intra-band ULCA case.

As it stands, the only case specified is DC_3_n3 which has MSD specified for a number of frequency separation (different IMD orders) and for both 1PA and 2PA cases as shown in Table below extracted from 38.101-3. This took significant effort in Release 15 and the 2PA case could only be assessed via measurements of the reverse IMD products that cannot be predicted accurately by simulations. With the on-going specification simplification effort and this combination being agreed as “normal” in RAN#101, we do no see that RAN4 can afford the same amount of effort for NC ULCA FDD cases, and we can only guess there are more to come beyond CA_n26(2A).

Table 7.3B.2.2-1: Reference sensitivity (MSD) for intra-band non-contiguous EN-DC
	MSD / DC bandwidth class A + A

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

	DC_3A_n3A
	3
	1782.5
	5
	12 (RBstart =0)
	1877.5
	01
12
	FDD

	
	n3
	1772.5
	5
	12 (RBend = 24)
	1867.5
	01
1.52
	

	DC_3A_n3A
	3
	1782.5
	5
	12 (RBstart = 9)
	1877.5
	31
292
	

	
	n3
	1752.5
	5
	12 (RBstart = 0)
	1847.5
	151
312
	

	DC_3A_n3A
	3
	1782.5
	5
	12 (RBstart = 12)
	1877.5
	161,3
	

	
	n3
	1737.5
	5
	12 (RBstart = 0)
	1832.5
	331,3
	

	DC_3A_n3A
	3
	1737.5
	5
	12 (RBstart = 0)
	1832.5
	331,3,4
	

	
	n3
	1782.5
	5
	12 (RBstart = 12)
	1877.5
	161,3,4
	

	NOTE 1: Applicable for UE signaling with dual PA capability.
NOTE 2: Applicable for UE signaling without dual PA capability.
NOTE 3: The IMD also impacts Rx received blocks for UE signaling without dual PA capability but the requirements are not specified.
NOTE 4: The test point is not applicable for BCS0 of DC_3A_n3A in Table 5.3B.1.3-1.



Proposal: If specified, to reduce the amount of work, UL CA_n26(2A) MSD should only be targeted for the worst-case frequency separation and a unique PA configuration (single test point and MSD values per CC).
2.2 1PA and 2PA configurations for intra-band NC ULCA
Non-contiguous ULCA MPR is supported with 1PA and 2PA configurations, but there are restrictions for the 1PA case:
· Bandwidth separation class should be less or equal to 200MHz
· The gap between the two UL CC should be smaller or equal to the largest CC BW (otherwise the in-gap SEM is <-13dBm/MHz and cannot be met due to TRX impairments).
· Image and carrier leakage should be better than the minimum requirement to be able to meet the in-gap SEM.
Not all of the non-contiguous ULCA channel configurations can be supported with one PA, and thus the two PA approach is the only solution that can generically support operator needs.
As explained above, the implementation of two PAs is relatively customary for bands > 3.3GHz. While this can be found in mid-bands, including some FDD cases, it is not considered typical for low bands. Even if UL MIMO or LBLB combinations are constructive steps towards implementing two low band PAs, the main driver is HPUE, which for PC2 FDD is better RSD and power performance and cost saving by using one PA. This is different from the PC1.5 case for TDD bands >2GHz which requires 2PAs by default.
Observation: CA_n26(2A) will require 2PA support to support all possible gap bandwidths while two low band PA is not implemented and not leveraged with PC2 or UL MIMO need like for TDD high bands.
Proposal: Only an architecture based on two PA and two duplexers if any is specified.
2.3 Issues for CA_n26(2A) support
It is important to note that the requested channel bandwidths in [1] are 5, 10 and 15MHz, but the maximum aggregated bandwidth is not stated. However, the BCS was properly captured initially in the SI [2] as shown in Table 3, and is reproduced below.
Table 3: Bandwidth combination set for Intra-band CA combination
	NR CA Configuration
	Uplink CA Configurations or single uplink carrier5
	Channel bandwidths for carrier
(MHz)
	Channel bandwidths for carrier
(MHz)
	Maximum
Aggregated bandwidth
(MHz)
	Bandwidth combination set

	CA_n26(2A)
	CA_n26(2A)
	5, 10, 15
	5, 10, 15
	30
	0



Respecting the above request and recognizing that n26 is 35MHz wide, this means that one operator would own the entire band, except the 5MHz channel in the middle. It is not clear if this is a concrete case.
It also important to note that, in order to avoid high MSD values, it was agreed upon to limit the UL BW to 20MHz for n26(2A). However, this NC ULCA calls for a 30MHz aggregated BW. Since the aggregated BW value does not change the worst case IMD position in a non-contiguous case, this is not an intrinsic concern. Instead, this illustrates that RAN4 has tried to keep the MSDs within reasonable UL scenarios, which will not be the case with n26(2A) ULCA.
With CA_n26(2A), the RB allocation for the two CCs can have a frequency separation from slightly above 5MHz to slightly below 35MHz. The related IMD3, 5 and 7 ranges are illustrated in Figure 1, together with the surrounding bands of interest.
[image: ]
Figure 1: CA_n26(2A) IMD range and surrounding victim DL
Observations: 
· Band n26 DL is a victim of IMD3 and IMD5 and thus PCC and SCC DL channels will exhibit substantial MSDs:
· For example, a 5MHz PCC at 825MHz 1RB24 + 5MHz SCC at 846.5MHz 1RB24 results in IMD3 falling on PCC DL and IMD5 falling on SCC DL.
· Based on a previous study, the PCC MSD will exceed 40dB and SCC MSD will exceed 30dB
· Band n28 DL is within the IMD3 range and reaching a -50dBm/MHz band protection level may be an issue for the cases where lowest CC is 15MHz as SEM mask and MPR will no guaranty an IMD3 level lower than -13dBm/MHz. Although band 28 is not directly protected by n26 in the coexistence table, the range 799-803MHz is still protected at -40dBm/MHz which will be challenging, it will remain a potential issue as IMD3 can fall below 799MHz where -50dBm/MHz still stands.
· Band n13 and Band n14 are within IMD5 range, thus -50dBm/MHz coexistence level can be expected provided MPR is applied and there is at least 20dB UL filter rejection
· Band n85(n12) and n29 are within IMD7 range, thus -50dBm/MHz coexistence level is achievable assuming >15dB UL filter rejection and applying MPR.

Proposal: 
· PCC and SCC MSDs, if specified, are based on 2CC UL IMD3 and IMD5 interference respectively using 2PA architecture
· CA_n26(2A) coexistence with neighboring bands should be verified:
· The applicable coexistence level in Band n28 should be discussed and, the means (A-MPR, RB restrictions…) to achieve this level should be specified.
· Applicability to Band n28 DL of the specified protection level shown in Table 6.5.3.2-1 for n26 is provided for the following ranges:
· -50dBm/MHz in 703-799MHz
· -40dBm/MHz in 799-803MHz
· Note that this range seems to correspond to Band 44 and not Band n28 DL, but is overlapping
· Note that this seems to assume a maximum n26 UL CBW of 15MHz, while it is actually 20MHz and the 799MHz boundary may need revisited to 794MHz for single CC.
2.4 NS_12/13/14/15 requirement and related A-MPR
There is a note in [1] stating that this combination is not applicable in the US and the request is provided by an Australian operator. If this input is of interest in providing guidance on the requirements, single band combinations are not region or country or operator specific, and nothing would prevent the combination from bing deployed in the Band n26 spectrum, even in North America. Furthermore, this note seems to imply than NS_12/13/14/15 would not be applicable thus A-MPR is not needed but there is no indication of where these NS elements apply, or whether they apply only in the USA.
Table 6.5.3.3.17-1: Additional requirements NS_12
	[bookmark: _Hlk146012414]NS
	Frequency band [MHz]
	CBW
[MHz]
	Spectrum emission
[dBm/6.25kHz]
	Applicable carriers
	Max DFT-s-OFDM QPSK A-MPR for 1CC [dB]

	12
	806 ≤ f ≤ 813.5
	5,10
	-42
	lower channel edge ≥ 814MHz
	5


	13
	806 ≤ f ≤ 816
	5
	-42
	lower channel edge ≥ 817MHz
	4.5

	14
	806 ≤ f ≤ 816
	5,10,15
	-42
	lower channel edge ≥ 824MHz
	3

	15
	851 ≤ f ≤ 859
	5,10,15,20
	-53
	All
	9



The above worst-case A-MPRs for 1CC will increase drastically for 2CC as these ranges would all be victim of a 1RB+1RB IMD3 scenario. Applying only MPR for cases that result at IMD3 at -30dBm/MHz, the level in 6.25kHz with an IM3 spectrum that has a bandwidth of 3x0.18MHz but with most of the energy in 0.18MHz would result in: -30-10*log(180/6.25) = -44.6dBm/6.25kHz which would work for NS_12/13/14 with an MPR of 15.5dB for 2PA or 17.5dB for 1PA. 
To reach -53dBm/6.25kHz another 3dB back off may be needed on top. It should be noted that frequencies for NS_12/13/14 closest to the band n26 UL band do not benefit from filter attenuation, as they are adjacent or overlap within its UL range. Even if NS_15 applies 2 MHz above band n26 UL, there is not much benefit to be expected from the filter. Also, compared to the 1CC case, where only the channels closest to the protected range require A-MPR, most of the channel combinations of CA_n26(2A) will result in IMD3 falling in one of the NS ranges.
Observation: 
· Even with the two PA architecture, there will be significant back-off required for MPR, and more allocations will manifest an even higher back-off for A-MPR
· To meet NS_12/13/14, the worst case MPR level may be required for most of the CA_n26(2A) channel and RB allocations.
· To meet NS_15 an additional 3dB back-off on top of MPR may be needed for most of the CA_n26(2A) channel and RB allocations.

Since CA_n26(2A) was requested by an Australian operator and is not applicable in the US as stated in the WI, it was considered in RAN if A-MPR studies were needed. So far, RAN4 does not introduce band or single band combinations requirements limited to a specific region, country, or operator. We believe that this is not the appropriate step to take, as nothing prevents that, once specified, the band combination be used in another country or region. As such, we strongly urge that all applicable NS and related A-MPRs be specified.
Proposal: CA_n26(2A) is not specified in a country/operator specific manner and all applicable NS (NS_12/13/14/15) requirements should be verified. Additionally, related A-MPR shall be specified, regardless of whether or not this combination is intended for deployment in the US.
2.6 Required work for CA_n26(2A) UL
From our prospective, and with the above issues to be analysed and specified for this band combination request, this UL configuration is far from being a “normal” CA case. Not only is the configuration sufficiently unique to be deemed a “first of a kind” scenario we recognize the extent of significant work necessary in RAN4, and the multiple company contributions required to achieve a substantive specification quality.

Furthermore, with significant MPR/A-MPR and MSD and critical coexistence cases, the achievable performance in the field may be questionable when compared to the single CC UL case, while requiring additional hardware (second PA and duplexer). This especially applies to a PC2 1Tx 1CC band n26, which may provide better performance, and is currently being specified.

Note that the issues described here for CA_n26(2A) are relevant for almost all non-contiguous ULCAs in FDD bands which have:
· Duplex distances of less than one or two times the UL band BW (IMD3 or 5 of the two CCs reaching the DL band)
· Coexisting bands that are less than the UL band BW away from the UL band
· Strict close-in NS requirements
· Note that these criteria are particularly relevant for low bands.

Proposal: DL CA_n26(2A) overall performance is compared for ULCA CA_n26(2A) versus with n26A single UL case, prior to introducing this in the specification (which would include additional hardware in the UE):
· Coexistence with neighboring band
· Worst case MSD in PCC and SCC channels
· Substantial MPR and A-MPR for many RB allocations
· Similarly, non-contiguous ULCA support requests in FDD bands should be carefully reviewed by proponents before introduction in a WI and by RAN4 before introduction in the specification.

3 Conclusion
In this contribution, we discussed the critical technical issues related to the CA_n26(2A) UL configuration and made the following proposals.
Proposal: If specified, to reduce the amount of work, UL CA_n26(2A) MSD should only be targeted for the worst-case frequency separation and a unique PA configuration (single test point and MSD values per CC).

Proposal: Only an architecture based on two PA and two duplexers if any is specified.

Proposal: 
· PCC and SCC MSDs, if specified, are based on 2CC UL IMD3 and IMD5 interference respectively using 2PA architecture
· CA_n26(2A) coexistence with neighboring bands should be verified:
· The applicable coexistence level in Band n28 should be discussed and, the means (A-MPR, RB restrictions…) to achieve this level should be specified.
· Applicability to Band n28 DL of the specified protection level shown in Table 6.5.3.2-1 for n26 is provided for the following ranges:
· -50dBm/MHz in 703-799MHz
· -40dBm/MHz in 799-803MHz
· Note that this range seems to correspond to Band 44 and not Band n28 DL, but is overlapping
· Note that this seems to assume a maximum n26 UL CBW of 15MHz, while it is actually 20MHz and the 799MHz boundary may need revisited to 794MHz for single CC.

Proposal: CA_n26(2A) is not specified in a country/operator specific manner and all applicable NS (NS_12/13/14/15) requirements should be verified. Additionally, related A-MPR shall be specified, regardless of whether or not this combination is intended for deployment in the US.
Proposal: DL CA_n26(2A) overall performance is compared for ULCA CA_n26(2A) versus with n26A single UL case, prior to introducing this in the specification (which would include additional hardware in the UE):
· Coexistence with neighboring band
· Worst case MSD in PCC and SCC channels
· Substantial MPR and A-MPR for many RB allocations
· Similarly, non-contiguous ULCA support requests in FDD bands should be carefully reviewed by proponents before introduction in a WI and by RAN4 before introduction in the specification.
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5 Annex
Table A1: Non-contiguous intra-band NRCA DL and UL configurations specified in 38.101-1
	FDD bands
	TDD bands

	NR CA Configuration
	Uplink CA Configurations or single uplink carrier5
	NR CA 
Configuration
	Uplink CA Configurations or single uplink carrier5

	CA_n1(2A)
	-
	CA_n41(2A)
	n413,4 CA_n41(2A)

	CA_n2(2A)
	-
	CA_n46(2A)
	-

	CA_n3(2A)
	-
	CA_n48(2A)
	-

	CA_n5(2A)
	-
	CA_n77(2A)6
	n773,4 CA_n77(2A)

	CA_n7(2A)
	-
	CA_n78(2A)6
	CA_n78(2A)

	CA_n12(2A)
	-
	CA_n96(2A)
	-

	CA_n25(2A)
	-
	CA_n102(2A)
	-

	CA_n26(2A)
	-
	
	

	CA_n66(2A)
	-
	
	




Table A2: Non-contiguous intra-band ENDC DL and UL configurations and SUO operation specified in 38.101-3
	FDD bands
	TDD bands

	EN-DC
configuration
	Uplink EN-DC
configuration
	Single UL allowed
	EN-DC
configuration
	Uplink EN-DC
configuration
	Single UL
allowed

	DC_1A_n1A
	DC_1A_n1A5
	SUO only
	DC_40A_n40A
	DC_40A_n40A5
	SUO only

	DC_2A_n2A
	DC_2A_n2A5
	SUO only
	DC_41A/C/D_n41A
	DC_41A_n41A
	Yes

	DC_3A_n3A
	DC_3A_n3A
	Yes
	DC_48A/C/D_n48A
	DC_48A_n48A5
	SUO only

	DC_5A_n5A
	DC_5A_n5A5
	SUO only
	DC_48A-48A_n48A
	DC_48A_n48A5
	SUO only

	DC_7A_n7A6
	DC_7A_n7A5
	SUO only
	
	
	

	DC_66A_n66A
	DC_66A_n66A5
	SUO only
	
	
	

	DC_71A_n71A3
	DC_71A_n71A5
	SUO only
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