[bookmark: _Ref399006623][bookmark: _Toc92513360][bookmark: _Ref124589705][bookmark: _Ref129681862]3GPP TSG-RAN WG4 Meeting # 104-e	R4-2212015
Electronic Meeting, 15th-26th, Aug, 2022

Source: 	Samsung
Title: 	On 700800900
Agenda Item:	11.2.2
Document for:	Discussion
1. Introduction
The revised WI of Enhancement for 700/800/900MHz band combinations was approved in last RAN#96e meeting as [1], companies are encouraged to analysis on below Low band CA band combinations.
	Configuration
	Uplink configuration
	Supported operators

	CA_n8-n20-n28
	CA_n8-n20, CA_n8-n28, CA_n20-n28
	Vodafone, Telecom Italia, Orange, Deutsche Telekom

	CA_n5-n8
	CA_n5-n8
	China Telecom, Spark NZ, China Unicom

	CA_n5-n28
	CA_n5-n28
	Spark NZ


In this paper, we would like to share our views on the architecture and performance aspects of the 700/800/900 band combinations
2. Discussion
The general analysis of specifying 2L or 3L band combinations includes (L represents Low band):
For DL CA_L-L with single band UL, cross band isolation needs to be evaluated, harmonic and harmonic mixing analysis are not needed due to the close frequency spectrum.
For DL CA_L-L with UL CA_L-L, IMD of dual UL falls into their own DL needs to be evaluated.
For DL CA_L-L-L with UL CA L-L, IMD of dual UL falls into the third band DL needs to be evaluated.
2.1 CA_n5-n8
	NR band
	UL
	DL

	n5
	824 - 849 MHz
	869 - 894 MHz

	n8
	880 - 915MHz
	925 - 960 MHz



It is observed that n5 DL overlaps with n8 UL, but for each operator the holding spectrum is not overlapped and usually ≤ 10MHz. IMD3 and IMD5 of dual UL falls into n8 DL in terms of the full spectrum range. Analysis could be firstly performed with the assumption that spectrum restriction on n5/n8 and based on the already existing commercial duplexer/ DRx filter and conventional L+L architecture. It could be further discussed in future meetings whether to develop the regional devices. 
Observation 1: For CA_n5-n8, analysis (MSD due to IMD and cross band isolation) could be firstly made with the assumption: 
1) Spectrum restriction on n5 and n8
2) Reuse the conventional L+L architecture with existing commercial n5/n8 duplexer/ DRx filter for evaluation

2.2 CA_n5-n28
DL CA_n5-n28 with single UL has already been defined in current spec, no harmonic and harmonic mixing issue but there is cross band isolation which is specified but still in [ ]. This band combination does not suffer inter-modulation product.
	CA_n5A-n28A
	-
	n5
	5, 10, 15, 20
	0

	
	
	n28
	5, 10, 15, 20, 30
	


MSD due to Cross band isolation: 
	n5
	n28
	834
	20
	15
	20 (RBstart=0)
	800.5
	5
	[17.5]
	ACLR2



In addition, n5 UL and n28 DL has only 21MHz separation, whether quadplexer is feasible needed to be evaluated.
Observation 2: For CA_n5-n28, conventional L+L architecture with existing commercial duplexer/DRx filter could be considered as feasible architecture, further discuss whether to analysis and develop quadplexer.

2.3 CA_n8-n20-n28
For CA_n8-n20-n28 with 2UL, the status of the fallbacks：
1) CA_n20A-n28A with UL CA_n20A-n28A have already been defined with n28 limited to 703-733MHz for UL and 758-788 MHz for DL, the common n- plexer adopted is the triplexer (20/28R +20T+28T)
2）CA_n8A-n28A with single UL has already been defined, DL CA_n8A-n28A with UL CA_n8A-n28A could be defined in the Basket WI, reuse the architecture of DC_8A-n28A, no IMD issue.
3) CA_n8A-n20A with single UL has already been defined, DL CA_n8A-n20A with UL CA_n8A-n20A could be defined in the Basket WI, IMD3 and IMD5 of UL CA_n8A-n20A falls into n8 DL and n20 DL, architecture and MSD values of DC_8A_n20A could be reused.
Proposal 1: DL CA_n8A-n28A with UL CA_n8A-n28A could be defined in the Basket WI (not for block approval), reuse the architecture of DC_n8A-n28A, no IMD issue
Proposal 2: DL CA_n8A-n20A with UL CA_n8A-n20A could be defined in the Basket WI (not for block approval), architecture and MSD (due to IMD) values of DC_n8A-n20A could be reused
For DL CA_n8-n20-n28 with UL CA_n8-n20, CA_n8-n28 and CA_n20-n28, only the IMD of dual Tx falls into the third band DL needs to be evaluated after all the fallback band combinations have been defined in advance.
DC_8A-20A_n28A with UL DC_8A_n28A and DC_20A-n28A has already been defined in 38.101-3, cited as below. Note 19 indicates that in Rel-17 the implementation with 3-Low antennas is targeted for FWA form factor for this band combination, given that 3 Low antennas is a big challenge for smart phone implementation due to the very limited space.

	DC_8A-20A_n28A6,16,19,20
	DC_8A_n28A
DC_20A_n28A

	NOTE 6:	N/A
NOTE 16:	For UEs not indicating interBandMRDC-WithOverlapDL-Bands-r16, the minimum requirements for inter-band EN-DC apply when the maximum power spectral density imbalance between downlink carriers contained in overlapping or partially overlapping DL bands is within 6 dB.
NOTE 19: The implementation with 3 low-band antennas is targeted for FWA form factor for this band combination in Release 17.
NOTE 20:	For UEs not indicating interBandMRDC-WithOverlapDL-Bands-r16, the minimum requirements apply for synchronized DL carriers with a maximum receive time difference ≤ 3 usec between overlapping or partially overlapping DL bands contained in different cell groups.



Observation 3: DC_8A-20A_n28A with UL DC_8A_n28A and DC_20A_n28A has been defined as targeted to FWA form factor in Rel-17.
Furthermore, for 5G smartphone, the total antenna number could be up to 9, and there is no dedicated Low antenna, one antenna usually have to support L+MH+VH band or MH+VH band, diplexer is used to filter the signal to different LPMAID, L-DRx or MMPA chipsets, therefore the antenna performance is poor in low band (even poor for wide-bandwidth low band) and the antenna tuning is difficult.
The possible architecture for CA_n8-n20-n28 could be [2][3][4][5]:
Alternative 1) switches+ duplexer+ triplexer+ DRx filters+ 3 antennas 
Alternative 2) penta-plexer+2 antennas
Alternative 1) is used to evaluate the MSD values for DC_8A-20A_n28A, but for CA_n8-n20-n28, we also need to evaluate impact of dual UL_n8-n20 to n28 DL. The interference is summarized below, it should also be noted that the MSD due to IMD3 of UL CA_n20-n28 is [23.5] dB which is significant.
	DL configuration
	UL configuration
	Interference Source
	Note

	CA_n8-n20-n28
	CA_n8-n20
	IMD3 and IMD5 of  UL CA_n8-n20 fall into n28 DL
	Need to be evaluated

	
	CA_n8-n28
	None
	-

	
	CA_n20-n28
	IMD3 of UL CA_n20-n28 fall into DL n8
	MSD value of DC_8A-20A_n28A could be reused, which is [23.5], still in the bracket



For Alternative 2), in [5] Skyworks clearly analysed the challenges which we think is quite true.
Observation 4: For DL CA_n8-n20-n28 with UL CA_n8-n20, CA_n8-n28 and CA_n20-n28, the possible architecture are switches+ duplexer+ triplexer+ DRX filters+3 antennas, or penta-plexer+2 antennas, architecture of DC_8-20_n28 could be reused, but the MSD due to UL CA_n8-n20 which falls into n28DL needs to be evaluated. 
Observation 5: Supporting DL CA_n8-n20-n28 with UL CA_n8-n20, CA_n8-n28, CA_n20-n28 for smart phone is quite challenging, considering the significant MSD, the poor performance of wideband antennas and the space limitation.
3. Conclusion
Observation 1: For CA_n5-n8, analysis (MSD due to IMD and cross band isolation) could be firstly made with the assumption: 
1) Spectrum restriction on n5 and n8
2) Reuse the conventional L+L architecture with existing commercial n5/n8 duplexer/ DRx filter for evaluation
Observation 2: For CA_n5-n28, conventional L+L architecture with existing commercial duplexer/DRx filter could be considered as feasible architecture, further discuss whether to analysis and develop quadplexer.
Proposal 1: DL CA_n8A-n28A with UL CA_n8A-n28A could be defined in the Basket WI (not for block approval), reuse the architecture of DC_n8A-n28A, no IMD issue
Proposal 2: DL CA_n8A-n20A with UL CA_n8A-n20A could be defined in the Basket WI (not for block approval), architecture and MSD (due to IMD) values of DC_n8A-n20A could be reused
Observation 3: DC_8A-20A_n28A with UL DC_8A_n28A and DC_20A_n28A has been defined as targeted to FWA form factor in Rel-17.
Observation 4: For DL CA_n8-n20-n28 with UL CA_n8-n20, CA_n8-n28 and CA_n20-n28, the possible architecture are switches+ duplexer+ triplexer+ DRX filters+3 antennas, or penta-plexer+2 antennas, architecture of DC_8-20_n28 could be reused, but the MSD due to UL CA_n8-n20 which falls into n28DL needs to be evaluated. 
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