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1. Introduction

In the recent RAN4 meetings, LTE-A UE category/ capability has been intensively discussed. In [1], joint contribution on Rel-10 UE category was presented from multiple operators. In this contribution, we provide further updates with more detailed views on Rel-10 UE category. 

2. Basic Concept for New UE Categories/Capabilities

2.1. General Principles

Observations:

One of the main discussions is how to handle the signaling of carrier aggregation (CA) and MIMO related parameters.

· The maximum number of spatial layers can be band-specific as currently discussed in RAN4 [2, 3].

· The number of supportable component carriers (CC) is closely related to the frequency band and bandwidth that a UE can support [2].

· These band specific parameters should be signaled separately.
Thus, our proposal is as follows:
Proposal 1: UE categories for Rel- 10 should be defined in terms of the maximum data rates, and the CA capability and MIMO capability should be signaled separately.
2.2. Number of Categories

Observations:

Introducing too many UE categories leads to the following.
· The network would need to support a wide range of different UE categories, and testing efforts for eNodeB would increase.

· Terminal test effort would also increase if one terminal supported several UE categories.

· The situation with HSDPA was challenging, where there were many UE categories and most of them were not used in commercial networks. A similar situation may occur for HSUPA as well as for the combinations of HSDPA and HSUPA.
Thus, our proposals are as follows.

Proposal 2: The number of new UE categories should be minimized in principle.
Proposal 3: Similar to the Rel. 8/9 case, the DL and UL categories should be defined jointly to minimize the possible combinations of DL and UL categories.
2.3. Target Scenarios

Observations:

At the RAN4 #54 meeting, LTE-A deployment scenarios for Rel. 10 were intensively discussed and feedback from many operators was captured in the RAN4 internal TR [4, 5]. It was observed in the feedback that most of the proposed scenarios could be classified into the following two scenarios:

· 10 MHz + 10 MHz CA scenarios

· Inter-band non-contiguous carrier aggregation with 10 MHz per band

· 20 MHz + 20 MHz CA scenarios

· Intra-band contiguous carrier aggregation with 20 MHz + 20 MHz

· Inter-band non-contiguous carrier aggregation with 20 MHz per band
Thus, our proposal is as follows.
Proposal 4: UE categories in Rel. 10 should be defined based on the following two CA scenarios:

· 10 MHz + 10 MHz inter-band CA scenarios

· 20 MHz + 20 MHz inter/intra-band CA scenarios

It is noted that the UE categories proposed in this contribution could be applicable to all scenarios including the intra-band contiguous CA/inter-band non-contiguous CA scenarios and supports any combination of the number of supported MIMO layers and the number of CCs/the channel bandwidths because it is assumed that the transport channel parameters for the maximum data rate could be defined irrespective of such aspects.
2.4. CA and MIMO Capabilities
Observations:
Discussion points for CA and MIMO related capabilities are as follows.
· The number of supportable CCs is closely related to the frequency band and bandwidth that a UE can support. Note that in the Rel. 8/9 specification the supportable frequency bands are separately signaled from the UE category.

· UL CA capability should be defined separately from DL CA. since the CA configuration might be different between UL and DL.
· Number of maximum spatial layers is band-specific as discussed in RAN4 [2, 3].
Thus, our proposal is as follows

Proposal 5: CA capability (bandwidth, number of CCs, band combinations) should be signaled separately from the UE category.
Proposal 6: Separate CA capabilities should be defined for the UL and DL.
Proposal 7: The number of layers in DL and UL should be signaled as the UE capabilities since the number of supportable layers can be band-dependent.
3. UE Category for Rel. 10 Time Frame
Based on the basic principles mentioned above, UE categories for Rel-10 are proposed below.
Proposal 8: UE categories for the Rel. 10 time frame
	UE category
	Data rate

(DL / UL)

(Mbps)
	DL
	UL

	
	
	Max. num.of DL-SCH TB bits
per TTI
	Max. num. of DL-SCH 
bits 

per TB

per TTI
	Total num. of soft channel bits
	Max. num. of spatial layers
	Max. num. of UL-SCH TB bits per TTI
	Max. num. of UL-SCH bits
per TB

per TTI 
	Support for 64QAM 

	Category 1
	10 Mbps /

5 Mbps
	10296
	10296
	250368
	1
	5160
	5160
	No

	Category 2
	50 Mbps / 

25 Mbps
	51024
	51024
	1237248
	2
	25456
	25456
	No

	Category 3
	100 Mbps / 

50 Mbps
	102048
	75376
	1237248
	2
	51024
	51024
	No

	Category 4
	150 Mbps / 

50 Mbps
	150752
	75376
	1827072
	2
	51024
	51024
	No

	Category 5
	300 Mbps / 

75 Mbps
	299552
	149776
	3667200
	4
	75376
	75376
	Yes

	Category 6
	300 Mbps / 

50 Mbps
	[299552]
	[149776]
	[3667200]
	N.A
	[51024 ]
	[51024]
	No

	Category 7
	300 Mbps / 

150 (100) Mbps
	[299552]
	[149776]
	[TBD]
	N.A
	[150752

(102048)]
	[75376
(51024)]
	Yes (No)

	Category 8
	[1200] Mbps / 

[600] Mbps
	[1200000]
	[300000]
	[TBD]
	N.A
	[600000]
	[149776]
	Yes


Notes:

· Categories 1 to 5 are the same as the Rel. 8/9 categories. Categories 6 to 8 are newly defined for Rel. 10.

· Compared to [1], Category 6 has been added to cope with a light uplink configuration.

· Multiple combinations of the number of CCs and spatial layers are possible to achieve the data rates for each category. For example,

· In Category 3, 100 Mbps in the DL can be achieved by using 1 CC (20 MHz) and 2 spatial layers, or 2 CCs (10 MHz+10 MHz) and 2 spatial layers if carrier aggregation is supported for a particular frequency band and bandwidth. 
· In Category 4, 50 Mbps in the UL can be achieved by using 1CC (20 MHz) with 2 spatial layers if the UE capability supports 2-layer SU-MIMO in a given band. 
· In Category 7, 150 (100) Mbps in the UL can be achieved using 2 CCs (20 MHz+20 MHz) and 1 spatial layer, or using 1 CC (20 MHz) and 2 spatial layers.
It should be noted that the CA and MIMO capabilities are not necessarily applicable to all categories. RAN1 finally needs to clarify which category a certain UE capability is applicable to.
4. Conclusion

In this contribution, we provide further details of our views on the Rel. 10 UE categories. Our proposals are summarized hereafter.
Proposal 1: UE categories for Rel. 10 should be defined in
] terms of the maximum data rates, and the CA capability and MIMO capability should be signaled separately.
Proposal 2: The number of new UE categories should be minimized in principle.
Proposal 3: Similar to the Rel. 8/9 case, the DL and UL categories should defined jointly to minimize the possible combinations of DL and UL categories.
Proposal 4: UE categories in Rel. 10 should be defined based on the following two scenarios:

· 10 MHz + 10 MHz inter-band CA scenarios

· 20 MHz + 20 MHz inter/intra-band CA scenarios

Proposal 5: CA capability (bandwidth, number of CCs, band combinations) should be signaled separately from the UE category.
Proposal 6: Separate CA capabilities should be defined for the UL and DL.
Proposal 7: The number of layers should be signaled as the UE capability since the number of supportable layers can be band-dependent.

Proposal 8: UE categories for the Rel. 10 time frame

	UE category
	Data rate

(DL / UL)

(Mbps)
	DL
	UL

	
	
	Max. num. of 
DL-SCH TBbits
per TTI
	Max. num. of DL-SCH bits 

per TB

per TTI


	Total num. of soft channel bits
	Max. num. of spatial layers
	Max. num. of UL-SCH TB bits per TTI
	Max. num. of UL-SCH bits
per TB

per TTI 
	Support for 64QAM 

	Category 1
	10 Mbps /

5 Mbps
	10296
	10296
	250368
	1
	5160
	5160
	No

	Category 2
	50 Mbps / 

25 Mbps
	51024
	51024
	1237248
	2
	25456
	25456
	No

	Category 3
	100 Mbps / 

50 Mbps
	102048
	75376
	1237248
	2
	51024
	51024
	No

	Category 4
	150 Mbps / 

50 Mbps
	150752
	75376
	1827072
	2
	51024
	51024
	No

	Category 5
	300 Mbps / 

75 Mbps
	299552
	149776
	3667200
	4
	75376
	75376
	Yes

	Category 6
	300 Mbps / 

50 Mbps
	[299552]
	[149776]
	[3667200]
	N.A
	[51024 ]
	[51024]
	No

	Category 7
	300 Mbps / 

150 (100) Mbps
	[299552]
	[149776]
	[TBD]
	N.A
	[150752

(102048)]
	[75376
(51024)]
	Yes (No)

	Category 8
	[1200] Mbps / 

[600] Mbps
	[1200000]
	[300000]
	[TBD]
	N.A
	[600000]
	[149776]
	Yes


References
[1] 3GPP, R4-102117, NTT DOCOMO, AT&T, TeliaSonera, Orange, Deutsche Telekom, and Telecom Italia, “UE categories for Rel.10,” May 2010.

[2] 3GPP, R4-102660, Nokia, “On LTE-A UE categories,” June 2010.

[3] 3GPP, R4-101488, NTT DOCOMO and Nokia, “Way forward for LTE-A UE categories/capabilities in RAN4,” April 2010.

[4] 3GPP, R4-101062, NTT DOCOMO, Deutsche Telekom, TeliaSonera, US Cellular, CMCC, AT&T, KDDI, Telecom Italia, Orange, Verizon, Telenor, T-mobile USA, Sprint, Telefonica, SKT, LGT, KT, and Clearwire, “LTE-A deployment scenarios,” Feb. 2010.

[5] 3GPP, R4-101067, NTT DOCOMO, Deutsche Telekom, TeliaSonera, US Cellular, CMCC, AT&T, KDDI, Telecom Italia, Orange, Verizon, Telenor, T-mobile USA, Sprint, Telefonica, SKT, LGT, KT, and Clearwire, “TP; Annex A; TRab.cde  UE Rel. 10,” Feb. 2010. 
- 5/5 -

