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1 Introduction

At RAN2#109 e-meeting RAN2 received one LS from RAN1 in [1] to indicate that UE capability difference between XDD and FRX is not enabled by current UE capability signalling structure. In this paper we share our understanding of this issue and figure out the solution.
Furthermore some issues are found about the meaning of XDD/FRX difference for per band or per band combination or per FS or per FSPC UE capability. 
2 Discussion
2.1 Invalid XDD/FRX combination

The issue raised in LS [1] only applies for those per UE capability which could be potentially different between FDD and TDD as well as between FR1 and FR2. So such kind of UE capability should be the common ones between IE structure UE-MRDC-CapabilityAddXDD-Mode and UE-MRDC-CapabilityAddFRX-Mode for MRDC UE capability and UE-NR-CapabilityAddXDD-Mode and UE-NR-CapabilityAddFRX-Mode. After checking 38.331v15.8.0, only following UE capability are found for NR UE capability:
	IE name
	Value range

	dynamicSFI
	ENUMERATED {supported}

	twoPUCCH-F0-2-ConsecSymbols
	ENUMERATED {supported}

	twoDifferentTPC-Loop-PUSCH
	ENUMERATED {supported}

	twoDifferentTPC-Loop-PUCCH
	ENUMERATED {supported}

	dl-SchedulingOffset-PDSCH-TypeA
	ENUMERATED {supported}

	dl-SchedulingOffset-PDSCH-TypeB
	ENUMERATED {supported}

	ul-SchedulingOffset
	ENUMERATED {supported}

	handoverInterF
	ENUMERATED {supported}

	handoverLTE-EPC
	ENUMERATED {supported}

	handoverLTE-5GC
	ENUMERATED {supported}


Table 1 related UE capability

Table 1 shows concerned UE capabilities are all of binary value i.e. either supported or not supported. For such kind of UE capability, the relationship between the IEs within xdd/frx-Add-UE-NR-Capabilities and all possible logical combinations are as following:
	Case
(Note)
	Possible UE capability combination
	fdd-Add-UE-NR-Capabilities
	Tdd-Add-UE-NR-Capabilities
	IE within fr1-Add-UE-NR-Capabilities
	IE within fr2-Add-UE-NR-Capabilities

	1
	FR1 FDD support: yes
FR1 TDD support: yes

FR2 TDD support: no
	support
	support
	support
	-

	2
	FR1 FDD support: yes
FR1 TDD support: no

FR2 TDD support: no
	support
	-
	support
	-

	3
	FR1 FDD support: no

FR1 TDD support: yes

FR2 TDD support: no
	-
	Support
	support
	-

	4
	FR1 FDD support: no

FR1 TDD support: yes

FR2 TDD support: yes
	-
	Support
	Support
	support

	5
	FR1 FDD support: no

FR1 TDD support: no

FR2 TDD support: yes
	-
	Support
	-
	support

	6
	FR1 FDD support: yes

FR1 TDD support: no

FR2 TDD support: yes
	?
	?
	?
	?


Table 2 possible UE capability combination and corresponding signalling
Note: other two combinations i.e. all support or all not support for 3 kinds of bands will be signalled by those same IEs within UE-NR-Capability except for the IEs in this table because there is no difference.
For case1~case5, UE capability in 2nd column is logical combination of IEs of right 4 columns. It means following relationship:

FR1 FDD support is “yes” only if the IE within fr1-Add-UE-NR-Capabilities and IE within fdd-Add-UE-NR-Capabilities are “supported”.
FR1 TDD support is “yes” only if the IE within fr1-Add-UE-NR-Capabilities and IE within tdd-Add-UE-NR-Capabilities are “supported”.

FR2 TDD support is “yes” only if the IE within fr2-Add-UE-NR-Capabilities and IE within tdd-Add-UE-NR-Capabilities are “supported”.

In case 6, FR1 FDD support and FR2 TDD support suggest IE within all 4 IE structures should be “support” which contradict with FR1 TDD’s value.
As point out by contribution [2, R2-2000583], changing the interpretation of combination of the IEs within IE structures in the table2 will result in backward compatibility issue. Such compatibility issue can be avoided by an IE combination which will never be used by legacy R15 UE. Proposal 1 in [2] suggests following new interpretation for case 6:
	FDD bit
	FR1-FDD

	TDD bit
	FR1-TDD

	FR1 bit
	= FR1-FDD OR FR1-TDD

	FR2 bit
	FR2-TDD





Table 3

Based on this new interpretation, case 6 should be signalled as:

	Case
	Possible UE capability combination
	fdd-Add-UE-NR-Capabilities
	Tdd-Add-UE-NR-Capabilities
	IE within fr1-Add-UE-NR-Capabilities
	IE within fr2-Add-UE-NR-Capabilities

	6
	FR1 FDD support: yes

FR1 TDD support: no

FR2 TDD support: yes
	Support
	-
	support
	support


Table 4

However it is more natural to interpret TDD bit and FR1 bit together as FR1 TDD combination just like legacy UE does. For FDD bit and FR2 bit, it is natural because there is no FR2 FDD band so far i.e. FDD band must be FR1 band and FR2 band must be TDD band. In our view case 6 can be signalled as:

	Case
	Possible UE capability combination
	fdd-Add-UE-NR-Capabilities
	Tdd-Add-UE-NR-Capabilities
	IE within fr1-Add-UE-NR-Capabilities
	IE within fr2-Add-UE-NR-Capabilities

	6
	FR1 FDD support: yes

FR1 TDD support: no

FR2 TDD support: yes
	Support
	-
	-
	Support

	
	
	Support
	-
	Support
	Support

	
	
	Support
	support
	-
	Support


Table 5
It is clear the 1st choice is cleanest solution. Hence we propose:
Proposal1: The problematic case 6 in table 1 can be resolved by signalled IE combination of xdd/frx-Add-UE-NR-Capabilities which is invalid for legacy R15 UE to avoid backwards compatibility issue
Proposal2: to agree 1st IE combination in table 5 (fdd-Add-UE-NR-Capabilities, fr2-Add-UE-NR-Capabilities) to address problematic case 6 in table 1
Another issue is how to resolve similar issue when IE value is not binary value but detail range e.g. pdcch-BlindDetectionCA whose value range is 4~16. There is no problem for pdcch-BlindDetectionCA itself because it could be different only between FR1 and FR2. In order explain the issue, let’s assume it could be different between FR1 and FR2 also. In this case if UE want to indicate such UE capability, this IE will be always signalled in UE-NR-Capability structure except for xdd/frx-Add-UE-NR-Capabilities. And in case UE want to express any of {FR1 FDD, FR1 TDD, FR2 TDD} band could have additional UE capability it needs to signal them in one or more of the IE structure xdd/frx-Add-UE-NR-Capabilities additionally. Take case 1 for example:

	Case

(Note)
	Possible UE capability combination
	fdd-Add-UE-NR-Capabilities
	tdd-Add-UE-NR-Capabilities
	IE within fr1-Add-UE-NR-Capabilities
	IE within fr2-Add-UE-NR-Capabilities

	1
	FR1 FDD: value2
FR1 TDD: value3
FR2 TDD: value1
	Value2
	Value3
	Maximum of (value1, value2)
	-

	6
	FR1 FDD support: value2
FR1 TDD support: value1
FR2 TDD support: value3
	Value2
	Maximum of (value1, value3)=value3?
	Maximum of (value2 value1)=value2?
	Value3


Table 6

In this example value3 is of highest UE capability while value1 is lowest. Value1 will be signalled in UE-NR-Capability structure except for xdd/frx-Add-UE-NR-Capabilities as a fall back value hence nothing is signalled in fr2-Add-UE-NR-Capabilities. Following same principle the value within fr1-Add-UE-NR-Capabilities should be maximum of value1 and value2. Then for case 6, following same logic IE within tdd-Add-UE-NR-Capabilities and tdd-Add-UE-NR-Capabilities should be signalled as value3 and value2 respectively for FR1 FDD and FR2 TDD. But following this signalling UE will interpret the value for FR1 TDD as value3 which is not the intention.
Fortunately there is no such UE capability which could be different between FDD and TDD and between FR1 and FR2 yet in current R15 specification. Therefore we can change the rule a bit assuming we never have FR2 FDD band. The cleanest way is to drop either tdd-Add-UE-NR-Capabilities or fr1-Add-UE-NR-Capabilities. Then UE should interpret the IE combination as following:
	IE within fdd-Add-UE-NR-Capabilities
	UE capability for FR1-FDD

	IE within tdd-Add-UE-NR-Capabilities
	UE capability for FR1-TDD

	IE within fr1-Add-UE-NR-Capabilities
	Never present

	IE within fr2-Add-UE-NR-Capabilities
	UE capability for FR2-TDD


Table 7

Or 
	IE within fdd-Add-UE-NR-Capabilities
	UE capability for FR1-FDD

	IE within tdd-Add-UE-NR-Capabilities
	Never present

	IE within fr1-Add-UE-NR-Capabilities
	UE capability for FR1-TDD

	IE within fr2-Add-UE-NR-Capabilities
	UE capability for FR2-TDD


Table 8
The interpretation is then very simple UE will not signal any UE capability within xdd/frx-Add-UE-NR-Capabilities unless any of {FR1 FDD, FR1 TDD, FR2 TDD} need indicate higher UE capability than baseline UE capability applicable for 3 kinds of bands.
Proposal3: RAN2 to discuss whether we need also resolve the problem for UE capability which is not binary value.

Proposal4: To define a new rule to interpret XDD/FRX signalling as in table 7 or table 8

2.2 Applicability of XDD/FRX
There are 5 kinds of UE capability in terms of granularity as following:
	UE capability 
	Applicability of XDD/FRX difference

	Per UE
	Yes

	Per band
	?

	Per band combination
	?

	Per band per band combination (per FS)
	Yes

	Per cc per band per band combination (per FSPC)
	Yes


Table 9
The tables in section 4.2.x of 38.306 show XDD/FRX is applicable for all these kinds of UE capability. We think the table is misleading because XDD/FRX is not applicable for per band UE capability and per band combination UE capability. It means the flexibility of the signalling itself can already enable any difference among bands or among band combinations. But if the difference is due to limited band scope e.g. only applicable for FR2 etc. those remarks should be still kept as it is.

In addition our understanding is that the difference of per FS or per FSPC UE capability is only valid within that specific band combination where the concerned UE capability is located. And there is no any limitation on signalling between band combinations regarding those per FS or per FSPC UE capability.
Proposal5: To confirm that XDD/FRX difference is only applicable for per UE capability with extra signalling

Proposal6: To confirm that XDD/FRX difference is also applicable for per FS and per FSPC UE capability where the validity is limited within band combination where concerned UE capability is located

Proposal7: To confirm that XDD/FRX is not applicable for per band and per band combination UE capability except for the remark limiting applicable band type i.e. xDD only or FRx only. The value “yes” or “no” within table in section 4.2.x should be changed to be “N/A” for per band and per band combination UE capability.
3 Conclusion
Proposal1: The problematic case 6 in table 1 can be resolved by signalled IE combination of xdd/frx-Add-UE-NR-Capabilities which is invalid for legacy R15 UE to avoid backwards compatibility issue
Proposal2: to agree 1st IE combination in table 5 (fdd-Add-UE-NR-Capabilities, fr2-Add-UE-NR-Capabilities) to address problematic case 6 in table 1
Proposal3: RAN2 to discuss whether we need also resolve the problem for UE capability which is not binary value.

Proposal4: To define a new rule to interpret XDD/FRX signalling as in table 7 or table 8

Proposal5: To confirm that XDD/FRX difference is only applicable for per UE capability with extra signalling

Proposal6: To confirm that XDD/FRX difference is also applicable for per FS and per FSPC UE capability where the validity is limited within band combination where concerned UE capability is located

Proposal7: To confirm that XDD/FRX is not applicable for per band and per band combination UE capability except for the remark limiting applicable band type i.e. xDD only or FRx only. The value “yes” or “no” within table in section 4.2.x should be changed to be “N/A” for per band and per band combination UE capability.
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