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Introduction
A new follow-up WI [1] for Enhancement for 700/800/900MHz band combinations was approved in RAN#99 meeting after the completion of SI. Based on the outcomes of TR 38.872 [2], there are three options to address the issues for CA_n5-n8 as below.

1) Full band n5 and n8 RF filters implementation with option 1 and option2:
Option 1: Only support 1UL/2DL CA. Single UL in n5
Option 2: Support both 1UL/2DL and 2UL/2DL CA. Non-concurrent n5 DL and n8 UL
Note: Potential impacts on RAN2 are observed
2) Dedicated RF filters implementation with partial frequency range
Option 3: Support both 1UL/2DL and 2UL/2DL CA. Dedicated filter to allow simultaneous n5 DL and n8 UL

In this paper, we’d like to discuss these options and how to distinguish these different implementations.
Discussion on the candidate solutions
Referring to TR 38.872 [2], the trade-off between the feasible RF implementations is listed as below.
Table 1: Trade-off between the feasible RF implementations
	Type of implementation
	Options
	Pros
	Cons

	Full band n5 and n8 RF filters implementation
	Option 1
	1. Current RF components can be reused easily.
1. The same RF filters can support both single carrier operation and CA operation.
1. UE cost may not be improved too much.
	1. UL_n5-n8 can’t be supported. Only DL_n5-n8_UL_n5 can be supported.

	
	Option 2
	1. Current RF components can be reused.
1. The same RF filters can support both single carrier operation and CA operation.
1. Compared to option 1, DL_n8_UL_n5-n8 can be supported additionally.

	1. Non-concurrent n5 DL and n8 UL limiting DL throughput
1. At least one additional n8 RX filter is required compared to option 1
1. There may be RF additional performance impacts caused by managing the non-concurrency between n5DL and n8UL
1. Potential impacts on RAN2 are observed

	Dedicated RF filters implementation with partial frequency range
	Option 3
	1. DL_n5-n8_UL_n5-n8 can be supported by UE within partial frequency range. Operators’ demands can be met.
1. There is no scheduling restriction for CA operation, but the specific partial frequency range.
	1. At least, but not necessary limited to one n8 UL dedicated filter with UL partial frequency range need to be developed for this specific CA operation.
1. n5 RX filtering may be impacted to avoid n8 UL at 904-914 blocking n5RX   
1. Dedicated filter and full band filter need to be switched between single carrier operation and CA operation.



From UE cost perspective, Option 1 is preferred by some companies. However, in order to meet the operators’ demands on the both UL CA and/or DL CA in band n5 and n8, it’s very hard for working group to exclude option 2 and option 3. Since all the band combinations are optional for UE implementation, generally there is no need to exclude any optional solution. From standard perspective, it’s encouraged for vendors to consider a solution which can achieve a better performance and more functions to benefit the industry. Thus, there is no need to exclude any option for CA_n5-n8 in this WI.
Proposal 1: From standard perspective, there is no need to exclude any option for CA_n5-n8 in this WI.
Discussion on n5 REFSENS requirements due to band n8 UL
For option 1 and option 2, there is no need to specify the REFSENS degradation due to cross band isolation between band n8 UL and band n5 DL. Even for option 2, there is no REFSENS requirements for DL band n5 when n8 transmitting signal.
Observation 1: For option 1 and option 2, there is no need to specify the REFSENS degradation due to cross band isolation between band n8 UL and band n5 DL. Even for option 2, there is no REFSENS requirements for DL band n5 when n8 transmitting signal.
For option 3 of dedicated RF filters implementation with partial frequency range, the MSD test point and values due to cross band isolation between DL band n5 and UL band n8 in Table 2 are provided referring to contribution [3].
Proposal 2: For option 3 of dedicated RF filters implementation with partial frequency range, the MSD in table 2 is allowed for CA_n5-n8 and can be specified.
Table 2: n8R UL cross band MSD in n5 for CA_n5-n8
	UL band
	DL band
	UL Fc
	UL BW
	SCS of UL band
	UL RB Allocation
	DL Fc
	DL BW
	MSD
	Cross-band
Interference
source

	
	
	(MHz)
	(MHz)
	(kHz)
	LCRB
	(MHz)
	(MHz)
	(dB)
	

	n8
	n5
	909
	10
	15
	25 (RBstart=0)
	877.5
	5
	12.3
	>ACLR2



Discussion on n8 REFSENS requirements due to band n5 UL
Referring to contribution [4], we have provided the performances of band n5 duplexer and band n8 Rx filter (3-antenna implementation assuming the existing filters) are listed as below according to the real products performance as shown in figure 2 and 3.
Table 3 Attenuation and isolation values
	Attenuation and isolation parameter
	Value

	(Band n5 Tx to Ant) Attenuation at DL band n8 frequency range
	40dB

	(Band n8 filter Ant to Rx)Attenuation at UL band n5 frequency range
	40dB

	Antenna ISO
	10dB

	RF front end loss
	4dB
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Figure 1 The performance for band n5 Tx filter (Tx to Ant)
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Figure 2 The performance for band n8 Rx filter (ANT to Rx)
The band n8 DL MSD due to cross band isolation from band n5 UL can be zero since band n5 duplexer can provide the enough isolation between n5 UL and n8 DL.
However, companies mentioned some legacy filters exhibit the flyback effect into n8 DL reducing the rejection of the n5 TX OOB leakage for no MSD. 
As this CA_n5-n8 combination is new one and UE vendors may be much careful to select the suitable filters for this combo, it’s better to consider these filters with better performance when analysing the MSD for band n8 DL due to band n5 UL interference, i.e. 40dB Attenuation between band n5 UL and band n8 DL.
Proposal 3: As this CA_n5-n8 combination is new one and UE vendors may be much careful to select the suitable filters for this combo, it’s better to consider these filters with better performance when analysing the MSD for band n8 DL due to band n5 UL interference, i.e. 40dB Attenuation between band n5 UL and band n8 DL.
Summary
Proposal 1: From standard perspective, there is no need to exclude any option for CA_n5-n8 in this WI.
Observation 1: For option 1 and option 2, there is no need to specify the REFSENS degradation due to cross band isolation between band n8 UL and band n5 DL. Even for option 2, there is no REFSENS requirements for DL band n5 when n8 transmitting signal.
Proposal 2: For option 3 of dedicated RF filters implementation with partial frequency range, the MSD in table 2 is allowed for CA_n5-n8 and can be specified.
Proposal 3: As this CA_n5-n8 combination is new one and UE vendors may be much careful to select the suitable filters for this combo, it’s better to consider these filters with better performance when analysing the MSD for band n8 DL due to band n5 UL interference, i.e. 40dB Attenuation between band n5 UL and band n8 DL.
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