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1 Introduction
In RAN#72, a new work item Multi-Carrier Enhancements for UMTS was agreed [1]. One of the objectives of this WI is:
Specify new configurations: 2ms+10ms and 10ms+10ms TTI, for DC-HSUPA and DB-DC-HSUPA scenarios.
In this paper, the capability for this feature will be analyzed.
2 Discussion
It is agreed that the new configurations: 2ms+10ms and 10ms +10ms for DC-HSUPA and DB-DC-HSUPA scenarios shall be specified. Then the related scenarios will be analyzed.

2.1
New category for MC enhancements
For the MC enhancements, the 10ms TTI can be configured in the Dual Cell operation. Then new category shall be introduced and three scenarios can be considered:
· Scenario 1: 10ms + 10ms with QPSK for Dual Cell operation.

· Scenario 2: 2ms + 10ms with QPSK for Dual Cell operation.

· Scenario 3: 2ms 16QAM +10ms QPSK for Dual Cell operation.

Then the table in the TS 25.306 can be updated and new category 13, 14 and 15 can be introduced:
Table 5.1g: FDD E-DCH physical layer categories
	E-DCH category
	Maximum number of E-DCH codes transmittedper transport block
	Minimum spreading factor
	Support for 10 and 2 ms TTI EDCH
	Maximum number of bits of an E-DCH transport block transmitted within a 10 ms E-DCH TTI
	Maximum number of bits of an E-DCH transport block transmitted within a 2 ms E-DCH TTI

	Category 1
	1
	SF4
	10 ms TTI only
	7110
	-

	Category 2 
	2
	SF4
	10 ms and
2 ms TTI
	14484
	2798

	Category 3
	2
	SF4
	10 ms TTI only
	14484
	-

	Category 4
	2
	SF2
	10 ms and
2 ms TTI
	20000
	5772

	Category 5
	2
	SF2
	10 ms TTI only
	20000
	-

	Category 6
	4
	SF2
	10 ms and
2 ms TTI
	20000
	11484

	Category 7
	4
	SF2
	10ms and 2 ms TTI
	20000
	22996

	Category 8
	4
	SF2
	2 ms TTI
	-
	11484

	Category 9
	4
	SF2
	2 ms TTI
	-
	22996

	Category 10
	4
	SF2
	2 ms TTI
	-
	34507

	Category 11
	4
	SF2
	2 ms TTI
	-
	22996

	Category 12
	4
	SF2
	2 ms TTI
	-
	34507

	Category 13
	4
	SF2
	10 ms TTI
	20000
	-

	Category 14
	4
	SF2
	10 ms and
2 ms TTI
	20000
	11484

	Category 15
	4
	SF2
	10 ms and
2 ms TTI
	20000
	22996

	NOTE: When 4 codes are transmitted in parallel, two codes shall be transmitted with SF2 and two with SF4


Proposal 1: It is proposed RAN2 to agree introduce three category for MC enhancements.

For legacy DC-HSUPA features, there are the following rules on UE capability reporting in TS 25.331.

If the UE supports Dual Cell E-DCH operation on adjacent frequencies or in different bands, the UE shall signal a value in the "E-DCH physical layer category extension 2" IE.

If the UE signals a value in the "E-DCH physical layer category extension 2" IE, it shall signal an "E-DCH physical layer category" of 6.
For the first bullet, it can be also applied to MC enhancements, i.e. If the UE supports 10ms plus 10ms and 2ms plus 10ms Dual Cell E-DCH operation on adjacent frequencies or in different bands, the UE shall signal a value in the "E-DCH physical layer category extension x" IE.
For the second bullet, the intention is that a UE supporting 2ms plus 2ms DC-HSUPA, shall also support uplink 2ms QPSK or 10ms QPSK for single carrier. Regarding MC enhancements, we think similar rule can be also considered, for example:
- If the UE signals a value 14 or 15 in the "E-DCH physical layer category extension x" IE (2ms + 10ms with QPSK, or 2ms 16QAM +10ms QPSK), it shall signal an "E-DCH physical layer category" of 6.
Proposal 2: If the UE supports MC enhancements, it shall include the E-DCH physical layer category for MC enhancements.
Proposal 3: If the UE signals a value on E-DCH physical layer with indicating the support of 2ms+10ms with QPSK and 2ms 16QAM+10ms QPSK, it shall signal an "E-DCH physical layer category" of 6.
Regarding enhanced TTI switching for MC enhancements, we have a discussion paper on how it works [2]. If this feature is to be introduced, there may be a need to also introduce a separate UE capability or this feature could be coupled with the UE capability of MC enhancements (by proposal 2), e.g. if the UE supports MC enhancements, it shall also support enhanced TTI switching for MC enhancements.
Proposal 4: It is proposed RAN2 to discuss the options on UE capability of enhanced TTI switching for MC enhancements, i.e. separate UE capability or coupled with UE capability of MC enhancements.
2.2
L2 buffer sizes for new E-DCH category combinations
In the past, for Rel-9 E-DCH category combinations for DC-HSUPA, L2 buffer requirements were defined [3] and the rules are as below:

	Minimum RLC Buffer Size (Kbytes)

= ( MaxDLDataRate (bits/sec) * RoundTripTime(secs)

  + MaxULDataRate (bits/sec) * RoundTripTime(secs)

    + MaxDLTrBlkSize (bits) * MHSWindowSize ) /  8192

With

RoundTripTime = 70 ms.
MHSWindowSize = 32 (DC) and 64 (DC+MIMO)


According to proposal 2, new E-DCH categories are to be introduced, so there is a need to also consider L2 buffer requirements for these new E-DCH categories.

In section 5 Annex, Table 5.1h capture L2 buffer requirements so that new values could be added in this table due to new E-DCH categories.
Proposal 5: It is proposed RAN2 to agree introduce new L2 buffer requirements for new E-DCH categories.
3 Conclusion

In this paper, the new capabilities for MC enhancements are analyzed and it is proposed:
Proposal 1: It is proposed RAN2 to agree introduce three category for MC enhancements.

Proposal 2: If the UE supports MC enhancements, it shall include the E-DCH physical layer category for MC enhancements.

Proposal 3: If the UE signals a value on E-DCH physical layer with indicating the support of 2ms+10ms with QPSK and 2ms 16QAM+10ms QPSK, it shall signal an "E-DCH physical layer category" of 6.
Proposal 4: It is proposed RAN2 to discuss the options on UE capability of enhanced TTI switching for MC enhancements, i.e. separate UE capability or coupled with UE capability of MC enhancements.
Proposal 5: It is proposed RAN2 to agree introducing new L2 buffer requirements for new E-DCH categories.
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5 Annex 

Table 5.1h: Total RLC and MAC-hs parameters for FDD HS-DSCH and E-DCH physical layer categories

These values reflect the total buffer sizes of HS-DSCH and E-DCH categories for simultaneous HS-DSCH/E-DCH operation.
	 HS-DSCH category

E-DCH category
	Categories 1 to 4

[kBytes]
	Categories 5 and 6

[kBytes]
	Categories 7 and 8

[kBytes]
	Category 9

[kBytes]
	Category 

10

[kBytes]
	Category 11 

[kBytes]
	Category 

12

[kBytes]

	Category 1
	100
	100
	200
	300
	300
	50
	50

	Categories 2 and 3
	100
	150
	200
	300
	300
	50
	100

	Category 5
	100
	150
	200
	300
	300
	100
	100

	Category 4
	-
	150
	300
	300
	400
	100
	100

	Category 6
	-
	200
	300
	400
	400
	150
	150

	Category 7
	-
	300
	300
	400
	500
	200
	200

	Category 8
	-
	-
	-
	-
	-
	-
	-

	Category 9
	-
	-
	-
	-
	-
	-
	-

	Category 10
	-
	-
	-
	-
	-
	-
	-

	Category 11
	-
	-
	-
	-
	-
	-
	-

	Category 12
	-
	-
	-
	-
	-
	-
	-


	 HS-DSCH category

E-DCH category
	Categories 13 and 14

[kBytes]
	Categories 15 and 16

[kBytes]
	Categories 17 and 18

[kBytes]
	Categories 19 and 20 [kBytes]
	Categories 21 and 22 [kBytes]
	Categories 23 and 24 [kBytes]

	Category 1
	-
	-
	-
	-
	-
	-

	Categories 2 and 3
	-
	-
	-
	-
	-
	-

	Category 5
	400
	-
	-
	-
	-
	-

	Category 4
	400
	400
	400
	-
	400
	-

	Category 6
	400
	500
	500
	750
	500
	750

	Category 7
	500
	500
	500
	750
	500
	750

	Category 8
	-
	-
	-
	-
	500
	750

	Category 9
	-
	-
	-
	-
	750
	750

	Category 10
	-
	-
	-
	750
	500
	750

	Category 11
	-
	-
	-
	750
	750
	750

	Category 12
	-
	-
	-
	1000
	750
	1000


	 HS-DSCH category

E-DCH category
	Categories 25 and 26 [kBytes]
	Categories 27 and 28 [kBytes]

	Category 1
	-
	-

	Categories 2 and 3
	-
	-

	Category 5
	-
	-

	Category 4
	750
	-

	Category 6
	750
	1150

	Category 7
	1000
	1150

	Category 8
	1000
	1150

	Category 9
	1000
	1250

	Category 10
	1000
	1250

	Category 11
	1000
	1250

	Category 12
	1000
	1800


	 HS-DSCH category

E-DCH category
	Category 29 [kBytes]
	Category 30 [kBytes]
	Category 31 [kBytes]
	Category 32 [kBytes]
	Category 33 [kBytes]
	Category 34 [kBytes]
	Category 35 [kBytes]
	Category 36 [kBytes]

	Category 6
	1000
	1800
	1150
	2300
	1800
	3400
	2300
	4400

	Category 7
	1000
	1800
	1150
	2300
	1800
	3400
	2300
	4400

	Category 8
	1000
	1800
	1150
	2300
	1800
	3400
	2300
	4400

	Category 9
	1000
	1800
	1250
	2300
	1800
	3400
	2300
	4400

	Category 10
	1000
	1800
	1250
	2300
	1800
	3400
	2300
	4400

	Category 11
	1000
	1800
	1250
	2300
	1800
	3400
	2300
	4400

	Category 12
	1150
	2000
	1800
	2550
	2000
	3500
	2550
	4500


	 HS-DSCH category

E-DCH category
	Category 37 [kBytes]
	Category 38 [kBytes]

	Category 6
	2300
	4400

	Category 7
	2300
	4400

	Category 8
	2300
	4400

	Category 9
	2300
	4400

	Category 10
	2300
	4400

	Category 11
	2300
	4400

	Category 12
	2550
	4500


NOTE:
Maximum number of AM RLC entities for simultaneous HS-DSCH/E-DCH operation is defined in Table 5.1b.
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