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1 Introduction

In previous meetings is has been discussed whether a UE needs to fulfill the indicated number of MIMO layers on all bands and/or band combinations or only on a single one. Correspondingly, it has been argued whether a UE must fulfill the peak data rate on all bands/band combinations or if it is sufficient if it fulfills it in at least one. During RAN2-73bis we received an LS from RAN4 [3] which we also take into account in the discussion in section 2.

In this paper we propose how to interpret the UE categories in the scope of Rel-10. 
A corresponding CR on 36.306 can be found in [2].

2 Discussion

2.1 Basic MIMO support

In Rel-8/9 the MIMO capabilities are band-agnostic. In order to ensure that a Rel-10 UE can operate seamlessly in a Rel-8/9 network, it must follow this principle:
Proposal 1 A UE shall support the number of MIMO layers according to its category on all supported bands.
This means, that the UE must support all MIMO related signaling (configuration, CSI, transmission mode …) according to the MIMO capabilities of its UE category. In other words, the UE must accept a configuration according to its category on all bands.
In order to simplify the handling and configuration of Rel-10 UEs in a Rel-10 network, the same should preferably apply for all carrier aggregation configurations:
Proposal 2 A UE shall support the number of MIMO layers according to its category on all supported band combinations. 

To our understanding Proposal 1 and Proposal 2 are in-line with the RAN4 view expressed in [3]: “The support of number of DL spatial multiplexing layers implied by the Rel-8/9 category should be band agnostic.” 

2.2 Expected MIMO performance
It has been argued that it may not be feasible to support MIMO in low frequency bands and/or with small form factor UEs. This depends primarily on the UE’s antenna and RF design. From a network perspective it is desirable to be informed explicitly about such limitations and the already agreed capability signalling already provides the means to do so:

Proposal 3 A Rel-10 UE shall accept MIMO configurations according to its category. If its antenna design does not support the required number of MIMO layers in certain bands the UE shall indicate this in the supportedBandCombinations IE. 

We think that this is in-line with the RAN4 agreements [3]: “if the UE supports fewer layers than the maximum number of supported layers for a certain band, the UE must indicate this information to the base station as part of the capability signalling.”

Furthermore, RAN4 settled requirements for the number of MIMO layers supported by a Rel-10 UE: “The maximum number of supported layers has to be satisfied over at least one band or band combination. In all operating bands the number of supported layers is always greater than or equal to 2 for UE Categories 6-8.”

We suggest adopting these requirements in RAN2:

Proposal 4 A Rel-10 UE shall indicate support for the maximum number of supported layers according to its category in at least one band or band combination. In all other operating bands UEs of category 6-8 shall indicate and support at least 2 MIMO layers.
By allowing such limitations, the peak bit rate achievable with such a UE may actually be lower than what it should be according to the UE’s category. In order to verify that the UE correctly claims its category, the following should be agreed:

Proposal 5 The UE shall be capable of supporting the peak data rate according to its category in at least one band or band combination. 

2.3 Support for more MIMO layers

RAN1 agreed (see [4], Excel Document, last two rows) that UEs may indicate support for more MIMO layers than what they are capable of according to their category. From a network vendor’s perspective we are concerned that this breaks with the Rel-8/9 principle to limit the diversity by introducing a few categories with associated MIMO and processing capabilities. One should note that a network will not be able to fully support combinations of categories, MIMO capabilities and CA configurations that have not been properly tested.  Therefore, diversity in UE capabilities bears the risk of delayed feature support from a network perspective as well as higher network costs. On the other hand we acknowledge that UE vendors would like to optimize the performance of their UE platforms. For example, the baseband of a Category 3 UE is designed for 20 MHz and 2 MIMO layers. But it may also be capable of supporting 4 layer MIMO while operating on a 10 MHz carrier. The already agreed UE capability signalling structure (supportedBandCombinations IE) would allow indicating such capabilities. Whether or not the network will be able to make use of such offers will to a large extent depend on how widely deployed UEs with such capabilities are. 
Proposal 6 A Rel-10 UE may indicate in the supportedBandCombinations IE support for more MIMO layers than what it is capable of according to its category. These “additional” MIMO capabilities may be different for different bands or band combinations.

2.4 Support for less than 100 resource blocks per carrier

The UE category defines the required buffer sizes and number of MIMO layers. The UE must be dimensioned for these requirements when operating on a single 20 MHz carrier. With the same baseband design the UE could potentially support the same number of MIMO layers and the same peak bit rate when being configured for 2x10 MHz carrier aggregation. RAN4 has discussed a CA bandwidth class (class B) for indicating support of up to two intra-band (contiguous) carriers with a total of up to 100 Resource Blocks. In order to enable the same for inter-band and contiguous intra-band CA, additional bandwidth classes with less than 20 MHz could be introduced. 
Proposal 7 A Rel-10 UE may indicate support for less than 100 Resource Blocks (20 MHz) in carrier aggregation configurations by means of an appropriate CA Bandwidth Class. 

One should note that such a UE could only be configured for 2x10 MHz CA in a network deploying two 10 MHz carriers. If at least one of the carriers is wider than 10 MHz, the UE could not be configured for CA. It should also be noted that Proposal 7 does not imply that the UE may indicate that it is not able to support 20 MHz on a band when not being configured for CA. In other words, the Rel-8/9 requirement that all UEs must support 20 MHz in all bands remains valid for Rel-10.
2.5 Support of 64QAM in uplink

Finally, RAN4 requires consistent support of 64QAM in uplink: “A Rel-10 UE must signal category combinations that lead to consistent support of uplink 64QAM. For example, a Rel-10 Cat 6/7 UE can only signal Rel-8 Cat 1-4 and a Rel-10 Cat 8 UE can only signal Rel-8 Cat 5”. 

Proposal 8 The Rel-8/9 and Rel-10 categories indicated by a Rel-10 UE must offer the same support of 64QAM in uplink. 
3 Conclusion

Based on the discussion in section 2 we propose the following:

Proposal 1
A UE shall support the number of MIMO layers according to its category on all supported bands.
Proposal 2
A UE shall support the number of MIMO layers according to its category on all supported band combinations.
Proposal 3
A Rel-10 UE shall accept MIMO configurations according to its category. If its antenna design does not support the required number of MIMO layers in certain bands the UE shall indicate this in the supportedBandCombinations IE.
Proposal 4
A Rel-10 UE shall indicate support for the maximum number of supported layers according to its category in at least one band or band combination. In all other operating bands UEs of category 6-8 shall indicate and support at least 2 MIMO layers.
Proposal 5
The UE shall be capable of supporting the peak data rate according to its category in at least one band or band combination.
Proposal 6
A Rel-10 UE may indicate in the supportedBandCombinations IE support for more MIMO layers than what it is capable of according to its category. These “additional” MIMO capabilities may be different for different bands or band combinations.
Proposal 7
A Rel-10 UE may indicate support for less than 100 Resource Blocks (20 MHz) in carrier aggregation configurations by means of an appropriate CA Bandwidth Class.
Proposal 8
The Rel-8/9 and Rel-10 categories indicated by a Rel-10 UE must offer the same support of 64QAM in uplink.


A corresponding CR on 36.306 can be found in [2].
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