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Discussion and Decision
1      Introduction
In Rel-13 CA enhancements, several features have been introduced to reduce the size of UE capability signaling especially band combination information. Although the new features provides the signaling reduction gain, it appears that it requires more UE processing in generating UE capability signaling message (UECapabilityInformation). 
In this document, we would like to discuss the impact of new features to RRC processing time for UE capability signaling and propose to increase RRC processing time.   
2      RRC processing delay
In TS36.331, RRC processing delay requirements are specified for each RRC procedure by N subframe. It means the UE shall be ready to for the reception of uplink grant for the UE RRC signaling message in N subframe from the end of reception of eNB RRC signaling message as shown in Figure 11.2-1.
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Figure 11.2-1: Illustration of RRC procedure delay (copied from TS 36.331)

In case of UE capability procedure, 10ms is defined for RRC processing delay requirement. 
	Procedure title:
	E-UTRAN -> UE
	UE -> E-UTRAN
	N
	Notes

	UE capability transfer
	UECapabilityEnquiry
	UECapabilityInformation
	10
	


Observation 1: RRC processing delay requirement was specified from Rel-8 and it has not been changed.  
3      New RRC processing delay
When the RRC layer receives UEcapabiltyEnquiry, the following two main operation would take most of UE processing time before providing UECapbilityInformation to the lower layer for transmission. 

· Building of the ASN.1 structure: UE RRC sets all fields based on UEcapabilityEnquiry and UE capabilities. If the eNB request other RAT, LTE RRC also retrieve other RAT capability information.     

· ASN.1 encoding: UE RRC encodes the fields into RRC PDU by using ASN.1 complier. 

Looking at UE capability signaling procedure in pre-Rel-10, it is quite simple because the eNB just requests only RAT type. Based on the eNB requested RAT, the UE RRC includes corresponding capabilities of the requested RAT. It would require very small real-time processing because such RAT-level capabilities are already stored and could be built as ASN.1 structure.  
In Rel-10, as CA is introduced, the size of UE capability message is significantly increased to indicate all the supported band combinations and consequently, it increases UE processing time for building and encoding UE capability message. For example, without band combination information, the typical UE capability size is less than 150 octets. However, if the number of band combinations is included, the UE capability size is dramatically increase [1] and it is observed that the typical UE capability size becomes more than 1000bytes as the number of band combinations is increasing. 
In Rel-11, with NW requested band combination signaling, the eNB requests the interested bands that the UE provides band combination information although the UE still reports all band combinations for up to 2DL+1UL CA band combination. It increased processing time to build ASN.1 structure because the exact band combination signaling is determined by the signaled eNB requested frequency bands and this requires parsing the band combinations multiple times and sorting them based on the order that NW requested. In addition, the UE capability size can be more increased with the band combination extension IEs (256 entries) in addition to 128 entries of legacy band combination IEs.
In Rel-13, more advanced scheme have been introduced to reduce UE capability signaling in Rel-13 CA enhancements. 

· Number of UL/DL CCs : the UE includes band combinations for which the number of CCs in DL is up to the value indicated in the requestedMaxCCsDL and/or for which the number of CCs in UL is up to the value indicated in the requestedMaxCCsUL.
· skipFallbackCombinations: the UE reports only the band combination with the highest supported number of DL and UL carriers and excludes the lower band combinations. The highest supported number of DL and UL carriers may be different based on the number of UL/DL CCs requested from the eNB. If the UE supports higher UE capabilities for the lower band combination compared to the highest band combination, the UE should indicate it. 
· Exclude intra-band non-contiguous CA band combination: the UE excludes an intra-band non-contiguous CA combination can be declared as supported by the other intra-band non-contiguous CA combination already included.
These features requires more processing compared to legacy handling i.e. the UE RRC needs to do additional sorting and restructuring of band combination and UE capability signaling based on the eNB configuration on number of UL/DL CCs, skipFallbackCombinations and the support of reduced intra-band non-contiguous CA band combination.  

Observation 2: CA and NW requested band combination signaling mechanism introduced in Rel-11 and Rel-13 will require more UE processing compared to the legacy UE capability signaling procedure. 
It is foreseen that the current RRC processing delay requirement will become more challenging as Rel-13 features to reduce UE capability signaling overhead are implemented and requested by the eNB. Therefore, we would like to relax the RRC processing delay requirement for UE capability procedure from 10ms to 20ms. 
Proposal 1: RAN2 agree to increase RRC processing delay for UE capability procedure from 10ms to 20ms.
Although the increased RRC processing delay is motivated due to Rel-13 band combination signaling reduction, the increased RRC processing delay requirement would be also helpful to relax UE implementation requirement even in early release i.e. Rel-12 as the supported band combination is increasing.   
Proposal 2: if proposal 1 is agreed, RAN2 discuss whether the new RRC processing delay can be applied from Rel-12.

4      RAN5 test case
Looking at RAN5 test specification (TS 36.523-1 [2]), there is a test case involving UE capability procedure as follows. The complete test case is copied in Annex. 5 ms or 18 ms are defined based on RRC processing delay requirement and UL scheduling delay.   

	10
	Check: Does the UE transmit a UECapabilityInformation message within 15 (FDD)/18 (TDD) subframes after successful completion of step 9? (Note 2)
	-->
	UECapabilityInformation
	4
	P


Note 2:
5 (FDD) / 8 (TDD) subframes is added on top of RRC processing delay requirement, because UL grant is allocated for the next subframe after RRC procedure delay and because of transmission delay after UL grant. For TDD, consider the max 7 TTI transmission delay after UL grant.
If RAN2 agreed to increase RRC processing delay for UE capability procedure, RAN2 should indicate RAN5 that the above time requirement should be updated to be aligned with the increased RRC processing delay requirement.   
Proposal 3: If Proposal 1 and 2 are agreed, RAN2 sends an LS to RAN5 to request the update of relevant RAN5 test cases.
5      Conclusion

In this contribution, we discussed the necessity of increasing RRC processing delay for UE capability information procedure as summarized below. 
Observation 1: RRC processing delay requirement was specified from Rel-8 and it has not been changed.  
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Observation 2: CA and NW requested band combination signaling mechanism introduced in Rel-11 and Rel-13 will require more UE processing compared to the legacy UE capability signaling procedure. 
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Proposal 1: RAN2 agree to increase RRC processing delay for UE capability procedure from 10ms to 20ms.
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Proposal 2: if proposal 1 is agreed, RAN2 discuss whether the new RRC processing delay can be applied from Rel-12.
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Proposal 3: If Proposal 1 and 2 are agreed, RAN2 sends an LS to RAN5 to request the update of relevant RAN5 test cases.

Finally, the corresponding RRC CRs are provided in [3] and [4].
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Annex 
TS36.523-1

8.2.1.5.3.2
Test procedure sequence

Table 8.2.1.5.3.2-1: Main behaviour

	St
	Procedure
	Message Sequence
	TP
	Verdict

	
	
	U - S
	Message
	
	

	1
	The SS sends a Paging message to the UE on the appropriate paging block, and including the UE identity in one entry of the IE pagingRecordList.
	<--
	Paging
	-
	-

	2
	The UE transmits an RRCConnectionRequest message.
	-->
	RRCConnectionRequest
	-
	-

	3
	The SS transmit an RRCConnectionSetup message. (Note 3)
	<--
	RRCConnectionSetup
	
	

	4
	Check: Does the UE transmit an RRCConnectionSetupComplete message within 20 (FDD)/23 (TDD) subframes after successful completion of step 3? (Note 2) 
	-->
	RRCConnectionSetupComplete
	1
	P

	5
	The SS transmits a SecurityModeCommand message to activate AS security. (Note 3)
	<--
	SecurityModeCommand
	
	

	6
	Check: Does the UE transmit a SecurityModeComplete message within 15 (FDD)/18 (TDD) subframes after successful completion of step 5? (Note 2)
	-->
	SecurityModeComplete
	2
	P

	7
	The SS transmits an RRCConnectionReconfiguration message to establish a data radio bearer. (Note 3)
	<--
	RRCConnectionReconfiguration
	-
	-

	8
	Check: Does the UE transmit an RRCConnectionReconfigurationComplete message within 20 (FDD)/23 (TDD) subframes after successful completion of step 7? (Note 2)
	-->
	RRCConnectionReconfigurationComplete
	3
	P

	9
	The SS transmits a UECapabilityEnquiry message to request UE radio access capability information for E UTRA only. (Note 3)
	<--
	UECapabilityEnquiry
	-
	-

	10
	Check: Does the UE transmit a UECapabilityInformation message within 15 (FDD)/18 (TDD) subframes after successful completion of step 9? (Note 2)
	-->
	UECapabilityInformation
	4
	P

	Note 1:
The SS is configured for RRC procedure delay testing according to TS 36.523-3 clause 7.12.1.

Note 2:
5 (FDD) / 8 (TDD) subframes is added on top of RRC processing delay requirement, because UL grant is allocated for the next subframe after RRC procedure delay and because of transmission delay after UL grant. For TDD, consider the max 7 TTI transmission delay after UL grant.
Note 3:
The DL resource allocation sent on PDCCH is big enough to guarantee transmission of all DL RRC PDU in single TTI.
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