3GPP TSG RAN WG1 Meeting #70                                                     R2-103264
Montreal, Canada, May 10 – 14, 2010

Source:
NTT DOCOMO, AT&T, TeliaSonera, Orange, Deutsche Telekom
Title:
UE Categories for Rel.10
Agenda Item:
7.1.10
Document for:
Discussion
1. Introduction

In Rel.10, new UE categories are needed to define support for new functionalities such as carrier aggregation, i.e., a wider bandwidth, and higher order MIMO. The way forward for UE categories was discussed in RAN4 [1]. Furthermore, e-mail discussion was also started in RAN1. This document discusses the UE categories for Rel.10 time frame. The same document has been submitted to RAN1 (R1-103265) and RAN4 (R4-101989).
2. Basic Ideas to Define New UE Categories/Capabilities
We first discuss the basic ideas to define new UE categories.
· Basic Concept of Number of UE Categories
In the past discussions regarding Rel. 8 LTE UE categories, it was strongly proposed by operators that we should avoid market fragmentation by introducing too many UE categories [2], [3]. The rationales for this are listed as follows:

· 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.

· Market would become confused just as we experienced with HSDPA, in which there were many, many UE categories and most of them were not used in commercial networks. A similar situation is likely to occur for HSUPA as well as for the combinations of HSDPA and HSUPA.
This is why only 5 UE categories were defined in Rel. 8 LTE. This clearly indicates that the number of UE categories for LTE-Advanced should also be limited as much as possible.
Furthermore, the UE categories should be defined as a combination of downlink and uplink in the same way as in Rel. 8 LTE to reduce the number of combinations.

Proposal 1: The number of UE categories should be minimized in principle.

· Limited Number of UE Categories in Rel. 10
It is beneficial to limit the number of UE categories in the Rel. 10 timeframe, because market demands for high UE categories such as more than 2 CCs, 4x4/8x8 DL MIMO, and 4x4 UL MIMO are still unclear. Therefore, it is felt that such additional high UE categories should be introduced in Rel. 11 or later according to the identified frequency spectrum and market demands.
According to [1], RAN4 is still discussing number of supported MIMO layers and CA configuration related signaling. However, it is felt that RAN1/4 could start discussions on transport channel parameters related to the maximum data rate assuming some UE capabilities, such as the number of MIMO layers and the number of CCs for Rel. 10.

In RAN4 #54, LTE-A deployment scenarios for Rel. 10 were intensively discussed and feedbacks from many operators were captured in the RAN4 internal TR [4, 5]. It is observed in the feedbacks 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
Therefore, it would be natural to define UE categories based on the two scenarios. It is noted that UE categories proposed in this contributions could be applicable to all scenarios including intra-band contiguous CA/inter-band non-contiguous CA and any combination of the number of MIMO layer supports/the number of CCs/the channel bandwidths, because it is assumed that the transport channel parameters to the maximum data rate could be defined irrespective of such aspects..
Proposal 2: UE categories in Rel. 10 should be defined based on the following two scenarios:

· 10 MHz + 10 MHz CA scenarios
· 20 MHz + 20 MHz CA scenarios
· Supporting the Highest Performance UEs
As the maximum UE capability, the UE with 8 downlink layer reception and 4 uplink layer transmission would be required to identify the potential performance of LTE-Advanced. 
Proposal 3: UE category which supports the highest performance should be specified to identify the potential performance of LTE-Advanced.

Proposal 4: UE categories proposed in this contribution should be applicable both intra-band contiguous CA and inter-band non-contiguous CA.

3. UE Category for Rel.10 Time Frame
Based on the basic ideas discussed in Section 2, the following UE categories should be proposed for Rel. 10 Time Frame.
· 10 MHz + 10 MHz CA scenarios
The following physical channel parameters would be assumed on this scenario:

· Number of DL CCs: 2

· Number of DL MIMO layers: 2

· Number of UL CCs: 1

· Number of UL MIMO layers: 1

In order to achieve the peak throughput determined by the above parameters, the maximum data rate of 150 Mbps in downlink, i.e., Category 4 in Rel.8/9 would be sufficient. Therefore, Category 4 in Rel.8/9 should be extended with carrier aggregation capability should be defined. It is noted that other categories, such as Category 1, 2, 3, and 5, could also be extended with carrier aggregation capability. For example, Category 5 in Rel. 8/9 could cover the maximum throughput of DL: 300 Mbps and UL: 75 Mbps, and be extended to:

· Number of DL CCs: 2

· Number of DL MIMO layers: 2

· Number of UL CCs: 1

· Number of UL MIMO layers: 1

Proposal 5: Rel. 8/9 UE categories should be extended to support Rel. 10 inter-band non-contiguous CA.
· 20 MHz + 20 MHz CA scenarios
The following physical channel parameters would be assumed on this scenario:

· Number of DL CCs: 2

· Number of DL MIMO layers: 2

· Number of UL CCs: 2 (or Number of UL CCs: 1)

· Number of UL MIMO layers: 1 (or Number of UL MIMO layers: 2)

It is noted that UL configurations are assumed “1 UL CC + 2 MIMO layers” or “2 UL CCs + 1 UL MIMO layer” so that reasonable throughput enhancements could be achieved in Rel. 10 time frame. It is further noted that Category 5 in Rel. 8/9 could cover the maximum throughput of DL: 300 Mbps and UL: 75 Mbps as presented above. 
In order to support the peak throughput determined by the above parameters, a new category should be defined in Rel. 10. 

Proposal 6: A new UE category should be introduced for Rel. 10 in order to support the maximum throughput of 300 Mbps in DL and the maximum throughput of 100 Mbps (150 Mbps if 64QAM is supported) in UL. 
· Supporting the Highest performance UEs
The following physical channel parameters are assumed on this scenario:

· Number of DL CCs: 2

· Number of DL MIMO layers: 8

· Number of UL CCs: 2
· Number of UL MIMO layers: 4
In order to support the peak throughput determined by the above parameters, a new category should be defined in Rel. 10. 

Proposal 7: A new category should be introduced for Rel. 10 in order to support the maximum throughput of 1.2 Gbps in DL and the maximum throughput of 600 Mbps (64QAM is supported) in UL.
4. Conclusion

This contribution described our views on UE categories in Rel. 10.
· Basic idea for Rel. 10
· In general, the number of UE categories should be limited as much as possible

· Limited number of UE categories in Rel. 10
· Higher UE categories should be introduced in Rel. 11 and later according to market demands.

· Support for highest performance UE to identify the potential performance of LTE-Advanced
· UE categories in Rel. 10
· Rel. 8/9 UE categories should be extended to support Rel. 10 intra-band contiguous and inter-band non-contiguous CA.
· The following UE categories should be introduced for Rel. 10 intra-band contiguous and inter-band non-contiguous CA:

· DL: 300 Mbps, UL: 100 Mbps (150 Mbps if 64QAM is supported)

· DL: 1.2 Gbps, UL: 600 Mbps
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