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1. Introduction
The problem in inter-RAT Handover between GERAN and LTE due to E-UTRA UE radio capability size (IE UE-EUTRA-Capability) was discussed in several previous meetings and LSs were exchanged between RAN2 and GERAN [1, 2]. No final solution was agreed either in GERAN or RAN2, although several proposals had been discussed [3, 4, 6, 7, 8, 9].
This paper discusses similar problem caused by E-UTRA UE radio capability size in UTRAN and E-UTRAN, and proposes a way forward to solve the problem.
2. Discussion
2.1.
Size estimation of E-UTRA UE radio capability
As discussed in previous meetings, E-UTRA UE radio capability size will grow along with introductions of new functionality, supported frequency band and band combinations (for carrier aggregation) in the UE.
The following is estimation of the size of E-UTRA UE radio capability, focusing on UE supporting Carrier Aggregation in near future DOCOMO’s network. Number of supported RAT, supported frequency bands and possibility of band combination for carrier aggregation are summarized in Table 1.
Table 1: Estimated features supported by UE

	No. supported RAT
	3 (E-UTRAN, UTRAN, GERAN)

	Frequency band supported
	

	
	GERAN
	4 (Quad GSM)

	
	UTRA
	4 (band 1,9, 19 or 6, 5)

	
	E-UTRA
	14 

Domestic band: 

band 1, 3, 19, 21, 28, future band (3.5 GHz~)

Roaming-out band:

band 2, 4, 5, 7, 13, 17, 20 [10], TDD band 

	Carrier aggregation support
	

	
	2 CC
	6 combinations

1+21, 1+19, 3+19, 21+19, 1+Future Band, 19+Future Band

	
	3 CC
	4 combinations

(21+1+Future Band, 19+1+Future Band, 19+3+Future Band, 19+21+Future Band)


Taking the assumption indicated in Table 1, the size of E-UTRA UE radio capability is calculated based on 36.331 v10.11.0. The resulting capability size exceeds 900 bytes.

This size mainly depends on:

·  number of EUTRA bands (effecting fields  ( rf-Parameter, measParameter, interFreqBandList, inter-RAT-BandList),  and 
· Number of band combination ( effecting fields rf-Parameters-v1020, measParameters-v1020)

The following are assumptions for calculating capability size.
	rfParameters(supportedBandListEUTRA)
	maxBands = 16

	measParameters(bandListEUTRA)
	maxBands = 16

	supportedBandListUTRA-FDD
	maxBands = 4

	supportedBandListUTRA-TDD128
	maxBands = 4

	supportedBandListUTRA-TDD384
	maxBands = 4

	supportedBandListUTRA-TDD768
	maxBands = 4

	supportedBandListGERAN
	maxBands = 4

	rfParameters-v1020
	

	
	supportedBandCombination-r10
	maxBandComb-r10 = 60 (Note 1)

	
	BandCombinationParameters-r10
	maxSimultaneousBands-r10=3

	
	bandParametersUL-r10
	maxBandwidthClass-r10 = 2

	
	bandParametersUL-r10
	maxBandwidthClass-r10 = 2

	measParameters-v1020
	

	
	bandCombinationListEUTRA-r10
	maxBandComb-r10 = 60 (Note 1)

	
	interFreqBandList
	maxBands = 16

	
	interRAT-BandList
	maxBands = 16


Note1:
Number of band combination is calculated based on the assumption that each non-CA band and CA band combination may be deployed as DL and/or UL band. In addition, 36.331 specifies that UE with Category 6 or above needs to indicate its MIMO layer capability for each non-CA and CA band.
The number 60 is obtained by considering the combination of UL and/or DL band deployment for each supported (CA and non-CA) band in Table 1. For example, CA band combination of band 1 + band  21 may be deployed with the following possibilities:
	
	Deployment 1
	Deployment 2
	Deployment 3

	Band1
	DL only
	DL and UL
	DL and UL

	Band21
	DL and UL
	DL only
	DL and UL


Observation 1: 
Assuming carrier aggregation support in near future DCM’s network, EUTRA UE radio capability that may be reported by the UE (supporting carrier aggregation) is foreseen to exceeds 900 Bytes. 
2.2.
Restriction in UTRAN and EUTRAN
In previous discussions, restriction in UTRAN and E-UTRAN was also discussed[3]. Focusing on UTRAN and E-UTRAN cases, the followings are our finding:
1. In E-UTRAN

From standardization perspective, there is no size restriction in the network interface (S1) or radio interface (EUTRA Uu). The only restriction found is MME storage capability, i.e., maximum of 510 Mbyte. [5]

From operation and development perspective, both from MME and eNB side, we think that it is not realistic to assume that network will be able to provide storage of unlimited (e.g., potentially and surely growing) size of UE capability. This impact is especially bigger to MME since it has to store the capability of each UE in longer period, i.e., from attach until detach, which nowadays has tendency to become longer and longer. 
One may argue that “memory” is not an expensive part of the network equipment. However, depending on implementation, adding only the “memory” part is not always possible. Furthermore, the bigger the UE capability size, the smaller the number users (EMM_ REGISTERED UEs) that can be accommodated by the MME. This would put a burden in the operator to provide (i.e., buy) more MMEs every time new functionality is defined or new frequency band is deployed, even when the total number the UEs in the network is the same.  

2. In UTRAN

From standardization perspective, there is no size restriction in the network interface (Iu) or radio interface.
However, from operation perspective, we found some concerns. Similar with GERAN-EUTRAN HO case, in UTRAN-to-EUTRAN HO, the source RAT needs to transfer UE EUTRA radio capability, as specified in the standard. In order to do this when the UE is initially camped/connected in UTRAN, it has to report the E-UTRA UE radio capability in RRC Connection Request message. 
When the capability size is too big, this may cause:

a. Connection establishment delay. 
Let us assume a typical connection establishment procedure in UTRAN where the UE is assigned with Standalone DCCH, with DCCH RLC payload of 136 bit. With 10ms TTI, the transmission rate becomes 13.6 kbps. If we consider that the size of EUTRA UE radio capability is 1000 bytes, then it will take 0.6 s for the UE to send the capability. In our network additional delay of 0.6 s is considered a significant degradation compared to today’s performance.

b. Increase in number of connection establishment failure. 
Assuming that today’s Rel-8 EUTRA UE radio capability is around 100 bytes, the number of RLC payload needed for transmission would be around 5 or 6 payloads. The rate for successful RRC connection establishment is near to 99% in mature network. To send big EUTRA UE radio capability of 1000 bytes, more than 60 RLC payloads is used. This means that the message size of RRC Connection Request would also be longer. With constant packet loss rate, there is bigger probability that the loss packets are part of that RRC message. Considering that the network cannot perform successful RRC Connection setup if it does not receive the whole number of payloads, we conclude that the bigger the size of EUTRA UE radio capability, the more probability that RRC connection setup will fail.
Observation 2:
EUTRA UE radio capability, which is surely growing bigger in size, is likely causing operational and development problem in the operator’s network.

· In EUTRAN-EPC, the problem is foreseen in the MME deployment where more MME is needed to accommodate the same ECM_REGISTERED UE number (compare to today).

· In UTRAN, the longer transmission time in UTRA Uu may cause RRC connection establishment delay and increase in number of connection establishment failure.
Proposal 1: 
It is proposed for RAN2 to discuss and acknowledge the problem of transmission of big UE capability size in UTRA Uu.
3. Way forward for the problem
RAN2 has been discussing EUTRA UE radio capability size problem (in GERAN-EUTRAN HO context) for some time, but no final agreement is achieved. However, in RAN2#81bis, RAN2 decided that solution direction of reporting only limited capability (e.g., up to Release 9) in GERAN side, which necessitates the EUTRAN eNB needs to perform capability enquiry once the UE is successfully handed over to EUTRAN, is acceptable. [2]
With regard to E-UTRAN problem (i.e., MME storage problem), LSes has been exchanged with SA2, CT1 and CT4. Those groups asked RAN2 to decide the size of UE capability that needs to be stored in the CN, and RAN2 answered that defining a specific size is not possible [7]. Since there is no progress in any concerning WGs, we propose for RAN2 to start to discuss possible alternative solution (s). 

Several solution directions as the following can be discussed:


Alt.E1:
Decide a specific number for capability size, considering operator deployment, e.g., 1024 bytes.


Alt.E2:
UE should choose which capability to be reported, in order not to exceed a certain size.

Alt.E3:
eNB stores the whole capability size, although receives only part of them from MME, the rest is enquired from the UE.


etc., 
With regard to UTRAN problem (i.e., due to transmission time in UTRA Uu), we propose for RAN2 to discuss solution alternatives that can mitigate or solve the problem. 
The following solution directions can be discussed: 
Alt. U1:
Similar with the solution direction for GERAN, also for initial connection setup in UTRAN, the UE is allowed to only report limited capability size (up to Rel-9 capability).
Alt. U2:
Assuming that MME storage limit can be solved, for UTRAN-to-EUTRAN HO, the eNB obtain the UE capability from MME (not from RNC).

Alt. U3:
UE does not report EUTRA UE radio capability in UTRAN. In UTRAN-to-EUTRAN HO, the no capability is transferred from UTRAN-to-EUTRAN. The eNB enquires the capability from the UE after successful handover.
DOCOMO has no preference towards any of the solution at this stage. However, to address UTRAN problem, we can accept the solution direction as agreed for GERAN, and for both UTRAN and EUTRAN (MME storage) problem we strongly suggest that RAN2 can solve the problem as soon as possible.

Proposal 2:
It is proposed for RAN2 chairman to invite solutions to solve problems resulted from the size of UE EUTRA radio capability for both i.e., MME storage problem and UTRA Uu transmission problem.
4. Summary and Proposal
This paper described the size of E-UTRA UE radio capability in a network supporting carrier aggregation. This paper explained that E-UTRA UE radio capability that will surely grow in size will cause operational and deployment problem in UTRAN and E-UTRAN. The following were observed:

Observation 1: 
Assuming carrier aggregation support in near future DCM’s network, the EUTRA UE radio capability that may be reported by the UE (supporting carrier aggregation) is foreseen to exceeds 900 Bytes. 
Observation 2:
EUTRA UE radio capability which is surely growing into bigger in size is likely causing operational and development problem in the operator’s network.

· In EUTRAN-EPC, the problem is foreseen in the MME deployment where more MME is needed to accommodate the same ECM_REGISTERED UE number (compare to today).

· In UTRAN, the longer transmission time in UTRA Uu may cause RRC connection establishment delay and increase in number of connection establishment failure.
Finally the paper proposed the following way forwards:
Proposal 1: 
It is proposed for RAN2 to discuss the problem of transmission of big UE capability size in UTRA Uu, and to acknowledge the problem.
Proposal 2:
It is proposed for RAN2 chairman to invite solutions to solve problems resulted from the size of UE EUTRA radio capability, i.e., MME storage problem and UTRA Uu transmission problem.
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