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[bookmark: _Toc504609394]Background
The LTE capabilities grew to exceed the current 8k limit of PDCP packet sizes. 3GPP agreed to mitigate that growth by splitting the capabilities into baseband and RF capabilities. 
Discussion
An analysis of the new structure show that the gains will be in the neighborhood of 60% only. It is definitely better than the current structure, but, only better by less than one order of magnitude than the current structure.
We estimate, that even with the new structure, the current UE capabilities could still hit the PDCP size transport limits, without other enhancements that limit the capability size, such as querying for specific bands.
As such, any bump in the size, for new later NR features may become problematic as soon as the number of NR bands starts to ramp up, and thus it is prudent to plan for a mitigation starting now.
Since we do want to abide by past RAN2 agreements on the limit at PDCP, as it can potentially affect the hardware design, it becomes apparent that the next best thing is having  a second layer of segmentation.
This happens naturally today for packets originiating in the general Internet, when their size exceeds the MTU on any link. The IP layer itself will segement them, and then, RLC may fragment them again.
We need to provide a similar mechanism for RRC.


Segmentation by RRC
This segmentation can be done in either LTE-RRC or, specific to the NR-RRC container.

Since NR-RRC doesn’t have a message definition  yet, the segmentation would have to be done at the  UE-NR-Capability level. For example,

[bookmark: _Hlk506476883]UE-NR-Capability ::=	SEQUENCE {
	capability-segment PDU OCTET STRING, -- Containing a segment of UE-NR-Capability-r15-IEs
	segmentationInformation SEQUENCE {
		SegmentSN      INTEGER (0..7),
		lastSegment    BOOLEAN,
	}   OPTIONAL
}  


UE-NR-Capability-r15-IEs ::= SEQUENCE {
	pdcp-Parameters					PDCP-Parameters, 
	rlc-Parameters					RLC-Parameters,						-- FFS OPTIONAL
	mac-Parameters					MAC-Parameters,						-- FFS OPTIONAL 
	phyLayerParameters				PhyLayerParameters,
	rf-Parameters					RF-Parameters,
	nonCriticalExtension			SEQUENCE {}							OPTIONAL
}



The same can be done in LTE-RRC, where that wold allow us to segment LTE, NR and EN-DC capabilities.


UECapabilityInformation message
-- ASN1START

UECapabilityInformation ::=			SEQUENCE {
	rrc-TransactionIdentifier			RRC-TransactionIdentifier,
	criticalExtensions					CHOICE {
		c1									CHOICE{
			ueCapabilityInformation-r8			UECapabilityInformation-r8-IEs,
			spare7 NULL,
			spare6 NULL, spare5 NULL, spare4 NULL,
			spare3 NULL, spare2 NULL, spare1 NULL
		},
		C2									CHOICE{
			ueCapabilityInformation-part-r15	UECapabilityInformation-part-r15-IEs,
			criticalExtensionsFuture			SEQUENCE {}
		}
	}
}

UECapabilityInformation-r8-IEs ::=	SEQUENCE {
	ue-CapabilityRAT-ContainerList		UE-CapabilityRAT-ContainerList,
	nonCriticalExtension				UECapabilityInformation-v8a0-IEs	OPTIONAL
}

UECapabilityInformation-v8a0-IEs ::= SEQUENCE {
	lateNonCriticalExtension			OCTET STRING						OPTIONAL,
	nonCriticalExtension				UECapabilityInformation-v1250-IEs	OPTIONAL
}

UECapabilityInformation-v1250-IEs ::= SEQUENCE {
	ue-RadioPagingInfo-r12				UE-RadioPagingInfo-r12				OPTIONAL,
	nonCriticalExtension				SEQUENCE {}							OPTIONAL
}

UECapabilityInformation-part-r15-IEs ::=	SEQUENCE {
	PDU  OCTET STRING, -- Containing a segment of UECapabilityInformation-r15-IEs
	segmentationInformation SEQUENCE {
SegmentSN      INTEGER (0..7),
lastSegment    BOOLEAN,
	}   OPTIONAL
}  

UECapabilityInformation-r15-IEs ::=	SEQUENCE {
	ue-CapabilityRAT-ContainerList		UE-CapabilityRAT-ContainerList,
	lateNonCriticalExtension			OCTET STRING						OPTIONAL,
	ue-RadioPagingInfo-r12				UE-RadioPagingInfo-r12				OPTIONAL,
	nonCriticalExtension				SEQUENCE {}							OPTIONAL
}  -- This last structure can be optimized further but this is not the point of this contribution
 
-- ASN1STOP

If RRC message is not segmented, we could use the old structure, or not include the segmentationInformation. 
The segmentation logic can be made similar to RLC segmentation.
There is only one pending RRC transaction at a time, so there is no confusion.
RLC still provides reliable transmission.
PDCP still provides reordering.
The additional segment number provides a second layer of checks and certainty about when the segmentation is done.
Conclusion
It is proposed that RAN2 agrees to one of these proposals:
Proposal 1: Include an ASN.1 structure that allows the segmentation of at least the NR UE Capability UE-NR-Capability IE.
Proposal 2: Include an ASN.1 structure that allows the segmentation of at least the E-UTRA UE Capability UE-NR-Capability IE (for example a new UECapabilityInformation-r15-IEs).

[bookmark: _GoBack]When agreed, we are happy to work on the detailed ASN.1 proposal based on the agreement.
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