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Introduction
[bookmark: _Hlk115189237]In RAN#99, a new LBLB study was agreed in [1] with two band and three band combinations. In this contribution we provide our analysis of the two band fallbacks in terms of 1UL and 2UL MSD and architecture aspects for antenna and RF front-end. The three band combinations are out of scope in the first meeting.
Discussion
 SI objectives in [1]
In Last RAN#99 a new Study Item was approved in [1] with new LBLB and LBLBLB band combinations with the following objectives:
· Investigate the feasibility and solutions to enable simultaneous transmission on two UL bands with 2Tx and simultaneous reception on two or three bands for the following sub-1GHz band combinations for smart phone form factor
Table 1: Summary of band combinations considered in the SI
	Configuration
	Uplink Configuration
	fallback configurations (Status)
	Supported operators

	CA_n5A-n105A
	CA_n5A-n105A
	DL_n5A-n105A_UL_n5A_BCS0 (New)
DL_n5A-n105A_UL_n105A_BCS0 (New)
	Spark NZ

	CA_n5A-n28A-n105A1
	CA_n5A-n105A
	DL_n5A-n105A_UL_n5A-n105A_BCS0 (New)
DL_n5A-n28A-n105A_UL_n5A_BCS0 (New)
DL_n5A-n28A-n105A_UL_n105A_BCS0 (New)
	Spark NZ


Table 2: Bandwidth combination set for each band combination
	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n5A-n105A
	CA_n5A-n105A
	n5
	5, 10, 15, 20
	0

	
	
	n105
	5, 10, 15, 20, 25, 30, 35
	

	CA_n5A-n28A-n105A1
	CA_n5A-n28A
CA_n5A-n105A
CA_n28A-n105A
	n5
	5, 10, 15, 20
	0

	
	
	n28
	5, 10, 15, 20, 25, 30
	

	
	
	n105
	5, 10, 15, 20, 25, 30, 35
	


· The following aspects need be studied
· UE RF architecture including n-plexing, PA
· Study feasibility of low band wideband antenna and multiple low band narrowband antennas.
· Evaluate the MSD requirements if needed.
· Evaluate if UE complexity can be reduced based on the frequency range and BCS proposed by operators.
· Power class 3 (PC3) is considered in this study
· Identify potential impacts to relevant RAN4 requirements.
NOTE 1: The study of 3 band combination can only start after completion of 2 bands fallbacks
NOTE 2: Check at RAN4#107 whether CA_n5A-n28A-n105A could be included in the SI based on study progress for the fall back combinations listed in Table 1.

In this contribution, we do the analysis of the three LBLB cases. For this first meeting the focus is on the two band fallbacks and LBLBLB cases are not discussed.
1UL and 2UL IMD landscape for the new LBLB combinations
Figure 1 shows the bands for the LB range involved in the new LBLB combinations study:
· In the first two rows below the frequencies: the bands involved (bands n5, n26, n28 and n105)
· In the first rows below the frequencies: former cases that have similar characteristics like n71 and n85
Then there are 4 numbered rows:
· In rows 1 and 2 in orange: the IMDs of the n105 20MHz 20RB UL allocation (w) and its image (i) falling up to n28 DL. The IMD order that would fall in band n5 DL is >11 as the distance between n105 UL and n5 DL is 166MHz and is thus not relevant (not represented)
· In row 4 in purple: the n5 UL 20MHz 20RB UL allocation (w) and its image (i), IMSDs are not represented as the distance between band n5 UL and n71 DL is 172MHz and he IMD order that would fall in band n5 DL is >11 and thus is not relevant (not represented). Still the IMD falling in n28 DL at 21 MHz distance (IMD5) is relevant in the scope of the LBLBLB combination but has already been studied (for example in [2]).
· The represented UL allocations are the REFSENS UL configurations for the given bands for the largest CBW for 1UL case and smallest CBW for the 2UL case:
· n105: 5MHz 5RB 2UL, 20MHZ 20RB 1UL
· n5: 20MHz 20RB 1UL

[image: ]
Figure 1: 1/2UL IMD landscape for CA_n5A-n105A CA_n28A-n105A CA_n26A-n28A
Issues to be solved for CA_n5A-n105A 1UL/2UL
One UL case
As shown in Figure 1, with the large distance between band n105 and n5, only the IMD order of the UL allocation and its image is >11 and thus MSD in both DL should be small and related to the -130dBm/Hz UL noise floor of the band n5 and band n105 transmitters and accounting for the respective UL filter rejection in the other band DL.
Two UL case
Again, with the large distance between the two UL and the small duplex distance of each bands, the 2UL IMDs all fall outside the DL bands.
Architecture
[bookmark: _Hlk131972535]It should first be acknowledged that the n105 full band duplexer is the most challenging low band duplexer in terms of bandwidth, duplex gap and the need to protect the DL from DTV transmitters, and thus any additional multiplexing requirement cannot be fulfilled with improved performance without compromising the band performance itself. 
Still, given the distance between the two bands it should be feasible, with the proper delta T and delta R, to target a two-antenna architecture with two triplexers and should be used for the study:
· n105 DL+ n105 UL + n5 DL triplexer
· n105 DL+ n5 UL + n5 DL triplexer
· With such distance it may also be feasible to target a n105+n5 quadplexer on a main UL antenna and a n105+n5 duplexer on a DL only diversity antenna
However, if the band distance helps in terms of filter multiplexing, it is not good for the antenna performance since one antenna has to cover 282MHz and the other 231MHz. As such, a three-antenna solution may help and can be an option.
Proposals
Proposal for CA_n5-n105:
· 1UL MSD: study of cross band MSD in both n105 and n5 DL due to transmitter noise floor and accounting for UL filters rejection is needed, but should not result in significant MSD 
· 2UL MSD: there is no IMD issue for this 2UL and thus 2UL may be supported
· Two-antenna with dual triplexer is used as baseline architecture for study
· Triplexer 1 on UL antenna 1: n105DL+n105UL+n5DL, realistic isolation in n5DL should be used since the n105 duplexer is already challenging
· Triplexer 2 on UL antenna 2: n105DL+n5UL+n5DL
· Three-antenna option may be of interest for antenna performance due to wide bandwidth to be supported.
Conclusions
In this contribution, we studied the CA_n5-n105 proposed LBLB combination and make the following proposal.

Proposal for CA_n5-n105:
· 1UL MSD: study of cross band MSD in both n105 and n5 DL due to transmitter noise floor and accounting for UL filters rejection is needed, but should not result in significant MSD 
· 2UL MSD: there is no IMD issue for this 2UL and thus 2UL may be supported
· Two-antenna with dual triplexer is used as baseline architecture for study
· Triplexer 1 on UL antenna 1: n105DL+n105UL+n5DL, realistic isolation in n5DL should be used since the n105 duplexer is already challenging
· Triplexer 2 on UL antenna 2: n105DL+n5UL+n5DL
· Three-antenna option may be of interest for antenna performance due to wide bandwidth to be supported.
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