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1 Introduction

RAN1 has agreed new UE categories for Rel-10 UE (cat. 6-8) [1] and unlike the Rel-8/9 categories (cat. 1-5) these do not explicitly specify the number of MIMO layers the UE has to support in the uplink or downlink. Instead, RAN1 recognises that there will be multiple possible CA/MIMO configurations that fulfil the data rate requirements of each of the new UE categories. RAN1 has listed some sample DL CA/MIMO configurations for categories 6 and 7 in the Appendix of the LS. Which combinations of component carriers and number of spatial multiplexing layers a UE supports is part of the UE capability, and we would like to start drafting the list of UE capability parameters used to express this in this document.

For simplicity, our proposal is built upon the concept of CA_Bands, as described in the current version of the TR [3].  

2 Discussion

New UE capability parameters need to be defined for Rel-10 to express the maximum number of spatial multiplexing layers, describing the UE’s hardware capability in supporting concurrent uplink/downlink communication paths. 

In this paper, we discuss the need for band specific MIMO capability, as well as present a simple extension to the CA_band in [3] that would allow sufficient flexibility in expressing the UE capability in an implementation-agnostic manner. Finally, we would like to give example UE capabilities to support categories 6 and 7 from [1].

2.1 UE CA Capability

In this paper, we assume that the UE’s CA capability is expressed as the set of all CA_bands the UE supports, and that MIMO capability can be added to this set.
Proposal 1: Rel-10 UE CA Capability should be defined as total set of CA_bands supported.

2.2 Band-specific MIMO capability
There have been discussions within RAN4 on the applicability of the same maximum number of MIMO layers in different bands, for example for high/low band combinations – exact deployment plans for CA/MIMO are not available yet, but it seems reasonable to assume that very high level MIMO schemes are much better suited to high frequency bands rather than low bands [4].
Proposal 2: Rel-10 UE MIMO capability should be band-specific.

Both RAN4’s Agreement 5 of [2], as well as the RAN1 LS [1] agree that a given data rate/category can be supported by a variety of different combinations of CA and MIMO. A UE of a given category is therefore likely to support multiple CA/MIMO configurations achieving the same data rate, and this will complicate the UE. 

Depending on the UE architecture, at least some of the receiver/transmitter resource may be re-usable between MIMO and CA receiver/transmitter branches; to support this, it seems reasonable that the maximum number of MIMO layers supported by the UE may depend on the current CA configuration. We therefore propose that the UE MIMO capability may depend on the current CA configuration.
Proposal 3: Rel-10 UE MIMO capability may depend on the current CA configuration.

2.3 MIMO Capability per CA_band

Adding a MIMO capability level to the CA_band would fulfil both requirements of band and CA configuration specificity – for each CA scenario the UE supports, a different maximum number of MIMO layers per band can be expressed with little additional overhead. 
2.3.1 Possible Rel-10 MIMO combinations and expression for MIMO capability
Assuming that, for a specific CA_band, all CC on a specific band support the same number of MIMO layers, and that all three possible numbers of MIMO layers are supported, there are three possible levels of MIMO capability for intra-band CA, as listed in Table 1.

	MIMO_ Capability
	Maximum number of MIMO Layers

	0
	2

	1
	4

	2
	8


Table 1 – Possible CA_Capability for single-band CA_bands
Enumerating the different levels gives a simple flag to express the UE’s maximum MIMO capability. As an example, a UE whose capability included “CA_1C with MIMO capability 1” would support up to 2x20MHz contiguous CA with up to 4x4 MIMO on band 1.
This can easily be extended to inter-band scenarios: For Rel-10, CA scenarios are limited to at most two bands, and under the same assumptions as for the intra-band case, there are at most (3x3)=9 possible combinations of different MIMO capabilities per CA_band, as listed in Table 2.
	MIMO_ Capability
	Maximum number of MIMO Layers

	
	First Band
	Second Band

	0
	2
	2

	1
	4
	2

	2
	8
	2

	3
	2
	4

	4
	4
	4

	5
	8
	4

	6
	2
	8

	7
	4
	8

	8
	8
	8


Table 2 – Possible CA_Capability for dual-band CA_bands

Enumerating the possible combinations, a single MIMO capability could be derived to express the maximum supported MIMO scheme across all bands in the CA_band. As an example, a UE whose capability includes “CA_1A_5A with MIMO capability 3” supports up to 2x2 MIMO in band 1 and up to 4x4 MIMO in band 5 concurrently.
3 Conclusions
In this document, we present three fundamental proposals as a starting point for Rel-10 UE CA and MIMO capability definition discussions:
Proposal 1: Rel-10 UE CA Capability should be defined as total set of CA_bands supported.

Proposal 2: Rel-10 UE MIMO capability should be band-specific.

Proposal 3: Rel-10 UE MIMO capability may depend on the current CA configuration.

We present one possible scheme of MIMO capability description that would conform to these proposals.
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