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Introduction
Analysis and proposals on CA_n5-n8 are provided in this contribution.
Discussion
The objectives of WI [1] are as follows:
Specify the following requirements based on down-selection of options of the outcome of SI
· Define Tib/Rib for the band combinations.
· Define REFRENS degradation for some specific band combinations if it’s needed.
· Define other necessary requirements for some specific band combinations if they are identified to be needed.
For CA_n5-n8, study the feasibility of non-simultaneous n5 DL + n8 UL with the existing specifications [RAN2]
· Note: RAN2 work will be triggered by LS from RAN4
An overview table of the CA combinations studied in this WI is provided here:
Table 1: Band combinations studied in this WI
	Configuration
	Uplink configuration
	Supported operators

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

	CA_n5-n28
	CA_n5-n28
	Spark NZ

	CA_n8-n20-n28
	CA_n8-n20, CA_n8-n28, CA_n20-n28
	[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Vodafone, Telecom Italia, Orange, Deutsche Telekom, Telia Company



The channel bandwidths per operating band for each band combination are listed in the following table.
Table 2: Channel bandwidths per operating band for each band combination
	NR CA configuration
	Uplink CA configuration or single uplink carrier
	NR Band
	Channel bandwidth (MHz)
	Bandwidth combination set

	CA_n5A-n8A
	CA_n5A-n8A
	n5
	5, 10
	0

	
	
	n8
	5, 10
	

	CA_n5A-n28A
	CA_n5A-n28A
	n5
	5, 10, 15, 20
	0

	
	
	n28
	5, 10, 15, 20, 30
	

	CA_n8A-n20A-n28A
	CA_n8A-n20A
CA_n8A-n28A
CA_n20A-n28A
	n8
	5, 10, 15, 20
	0

	
	
	n20
	[bookmark: OLE_LINK5]5, 10, 15, 20
	

	
	
	n28
	5, 10, 15, 20
	



Options for CA_n5A-n8A
Three different RFFE implementation options were discussed during the SI, which are shown below for convenience [2]
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

	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.



Discussion on options
Obviously, in the WI phase the requirements for CA_n5A-n8A should be specified. It is still an open question which of the options is/are chosen as they all are different.
In our view, it would be beneficial for all stakeholders (Operator, Infra Vendor, Device Vendor, Chipset Vendor, RFFE Vendor) if the specifications we clear, meaning the number of alternatives that should/could/would be supported is kept at minimum. For instance, a theoretical situation where some devices were supporting option 1, some devices supporting option 2, some devices supporting option 3, and some devices supporting none of the options would not likely be beneficial for anyone as the device ecosystem would be very fragmented and spectrum management/scheduling would be different for all of these different UE groups.
Observation 1: Specifying requirements for all three options is not preferred as it would likely fragment device ecosystem and make deployment of the feature more challenging
To give a good illustration in the RF HW impact into typical RFFE for all three options, we have included a simple drawing of each option which also show the additional components needed. To keep things simpler, only 2-antenna examples are shown. Please note that these are simplified examples.

[image: ]
Figure 1 Option 1 RFFE example
In option 1, no extra HW (filters, PA, LNA) is needed. In the main TRX, one must have a method to disconnect n8 TX which is shown by dotted lines.

[image: ]
Figure 2 Option 2 RFFE example
In Option 2, the RF HW in option 1 is reused for “n5-n8 DL CA with n5 UL”. Additionally, to enable “n5-n8 UL CA with n8 DL only” requires an additional n8 DPX into diversity RX, or alternatively a very lossy routing of the n8 DPX in main TRX into Diversity RX. In Diversity RX, n8 DPX and n5-n8 RX need a switch or a switch throw, as they cannot be on simultaneously. With this kind of arrangement n8 DRX is duplicated, so either an additional SP2T or switch throw is needed before n8 LNA. An extra PA is of course needed for UL CA.
[image: ]
Figure 3 Option 3 RFFE example
In Option 3, again the RF HW in option 1 is reused for “n5-n8 DL CA with n5 UL”. Additionally, to enable 2UL/2DL CA with restricted frequency ranges, a n8 TX filter supporting 904-915MHz is needed in diversity RX. n5 RX is marked light blue colour, as it may be needed to increase the attenuation at 904-915 to avoid TX IP2. An extra PA is of course needed for UL CA. Please note that this drawing is showing the minimum filtering changes to support 2UL/2DL CA_n5-n8.
Based on the above, Option1 is the most straightforward and Option 3 is easier among the options 2 and 3.
Observation 2: Option 1 is the most straightforward, and Option 3 is easier among the UL CA options
Next we consider Option2 and 3 from UE capability perspective.
Currently there is no UE capability which would be suitable for this case. 
It is obvious that a UE capability would be needed to enable Option 2, especially if option 3 is supported as by at least some UE’s. If only Option 2 among UL CA options is specified then in theory it might be sufficient to capture in RAN4 specifications along the lines of “applicable only when no simultaneous TX on n8 and RX on n5”. Without a specific UE capability this would be dangerous as even single scheduling error might damage n5 RX if the TX power of n8 is injected to n5 LNA without any filter attenuation. In cases there are UE’s which support Option 2 and other UE’s which support Option 3 the UE capability is obviously needed as otherwise network could not know to which UE’s simultaneous n8 UL/n5 DL can be scheduled 
RRC reconfiguration would not be effective way to switch very dynamically between “n5+n8 UL/n8DL” and “n5 UL/n5+n8DL”, instead the usage of Option 2 would need to rely on scheduling restrictions. Currently there seems to be no RRC configuration where UL CA order can be higher than DL CA order.
Observation 3: RRC reconfiguration is not a good solution to switch very dynamically between “n5+n8 UL/n8DL” and “n5 UL/n5+n8DL”
Observation 4: UE capability to allow/disallow concurrent n8 UL/n5 DL would be needed if option 2 is specified
Based on all the above, in our view Option 2 has several disadvantages over Option 3 and hence only Option 3 (fully fledged 2UL/2DL CA) should be specified in addition to Option 1. With Option 3, RAN4 should consider if a new band/bands is/are needed or not.
Proposal: Specify 3GPP requirements for CA_n5A-n8A for Option1 and for Option 3
Conclusions
Further considerations on the Options captured in the TR38.872 were considered, with the following observations and proposal.
Observation 1: Specifying requirements for all three options is not preferred as it would likely fragment device ecosystem and make deployment of the feature more challenging
Observation 2: Option 1 is the most straightforward, and Option 3 is easier among the UL CA options
Observation 3: RRC reconfiguration is not a good solution to switch very dynamically between “n5+n8 UL/n8DL” and “n5 UL/n5+n8DL”
Observation 4: UE capability to allow/disallow concurrent n8 UL/n5 DL would be needed if option 2 is specified
Proposal: Specify 3GPP requirements for CA_n5A-n8A for Option1 and for Option 3

Reference
[1] [bookmark: _Hlk859252]RP-230764, “New WID on enhancement for 700/800/900MHz band combinations”, CATT, China Telecom
[2] R4-2300561, TR38.872-040
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CA_n5 - n8  CA_n5 - n8  China Telecom, Spark NZ, China Unicom  
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CA_n8 - n20 - n28  CA_n8 - n20, CA_n8 - n28, CA_n20 - n28  Vodafone, Telecom Italia, Orange, Deutsche  Telekom ,   Telia Company  
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