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1Introduction

In RAN #62 support of 256QAM for the LTE-A downlink transmission was agreed to enhance throughput performance in small cell scenarios [1]. One of the important issues of 256QAM support is 256QAM capability signaling. In this contribution, we provide our views on the preferred ways of handling the existing UE categories for 256QAM support including details of UE capability signalling and potential introduction of new UE category for 256QAM.
2 Discussion on UE category for 256QAM
UE categories handling for 256QAM
In Rel-11 ten UE categories were defined to support the most important transmission scenarios for CA and MIMO. Each UE category is differentiated from each other by the set of the following physical layer parameters: 

· Maximum number of DL-SCH transport block bits received within a TTI
· Maximum number of bits of a DL-SCH transport block received within a TTI 

· Total number of soft channel bits
· Maximum number of supported layers for spatial multiplexing in DL
While “Maximum number of supported layers for spatial multiplexing in DL” is not expected to be different for 256QAM and non 256QAM capable UEs, support of 256QAM might have impact on the other physical layer parameters of the existing UE categories. 

In principle all physical layer parameters in the existing UE categories could be increased to facilitate the optimal performance for 256QAM transmissions. However, considering additional UE cost and possible use cases of 256QAM, this approach should be considered only for the high-end UE category, i.e. UE category 8 [2], mainly to demonstrate the potential performance of LTE-A. For other UE categories, e.g., UE categories 6, 7, 9 and 10, some practical approaches to reduce UE cost and complexity should be considered to facilitate an easier adoption of 256QAM feature in the UEs. 
For example, as proposed in [2-3] UE complexity and cost can be reduced if some of the physical layer parameters are kept the same as in the Rel-11 UEs not supporting 256QAM. In this approach, as analyzed in [2-3], the most significant cost reductions is provided by keeping “Total number of soft channel bits” the same, which facilitates UE memory savings which can be relatively significant for the considered UE categories. In this approach, however, the UE implementation advantages comes at the expense of some PDSCH performance degradation for higher order 256QAM MCS and some efficiency reduction of HARQ IR due to dropping of the larger amount of the parity bits in the LBRM. Additional complexity reductions at the UE can be provided by keeping “Maximum number of DL-SCH transport block bits received within a TTI” the same. However the corresponding cost reduction might not be that significant and further study might be needed on the benefit of this method. Based on the discussion above the following proposal can be made:
Proposal:

· Introduce a new UE category 11 with mandatory support of 256QAM as an extension of UE category 8 by increasing all relevant physical layer parameters.

· Introduce 256QAM UE capability signalling for UE categories 6, 7, 9 and 10. For 256QAM capable UE increase all relevant physical layer parameters except the total number of soft channel bits
· FFS whether significant UE cost reduction can be achieved by keeping the same peak data rate as in the existing UE categories.
UE capability signalling for 256QAM
Based on the discussion above support of 256QAM for UE categories 6, 7, 9 and 10 should be indicated by the UE using UE capability signalling except for UE category 11, where support of 256QAM is mandatory. In [3] it is proposed to introduce one UE capability bit to signal the 256QAM processing capabilities. The proposal implies that 256QAM feature should be supported by the UE in a band agnostic manner. However, in our view, it is important to introduce a more flexible band specific UE capapbility signalling for 256QAM to enable incremental band-specific introduction of 256QAM and, therefore, faciliate an earlier adoption of 256QAM feature in the UEs.
Typically, support of 256QAM might require more bits on the digital interface to accommodate lower Rx EVM for 256QAM. Support of 256QAM in the exisiting UE architecture might be also feasible without the changes, however some restrictions should be considered. For exmaple, for CA capable UEs, 256QAM can be supported for a single band in non CA mode or in CA mode with smaller number of bands than UE cateogry can handle. This could make the exisitng digital interface sufficient to support 256QAM. In this case, more flexible per band combination UE capability signaling for 256QAM should be beneficial.
The additional flexibility for 256QAM capability signalling can be provided by allowing UE to selectively indicate support of 256QAM on some but not all bands in a given band combination. Such flexibilility is also motivated by more stringent requirements on RF of the UE receiver to accommodate lower Rx EVM for 256QAM. More specifically, in some cases low Rx EVM is much easier to achieve for some of the freqeuncy bands. For example, one of the major contributors to Rx EVM is the oscillator phase noise. Typically, the phase noise and Rx EVM become worse for higher frequency bands comapring to the lower bands making 256QAM feasible only on the subset of the supported bands. Therefore, supporting more flexible UE capability signaling per band per band combination could be also beneficial from a UE perspective as it enables UEs to selectively indicate support of 256QAM on some of the bands but not others whithin a supported band combination. Without the above signaling, in order to support 256QAM in one band, the UE would also have to support 256QAM in any other bands in the same band combination, which inccurs additional and noticeable complexity for the UE.  Concluding the discussion above the following proposal can be made on UE capability signalling:
Proposal:

· UE capability signalling for UE categories 6, 7, 9 and 10 should signal support of 256QAM per band per band combination, i.e. UE capability should allow indicating that the UE supports 256QAM in one band in a band combination, and not in another band in the same band combination.
3 Conclusions

In this contribution we have provided our views on the preferred ways of handling the existing UE categories for 256QAM support including details of UE capability signalling and potential introduction of new UE category for 256QAM. The following proposals have been made:
Proposal:

· Introduce a new UE category 11 with mandatory support of 256QAM as an extension of UE category 8 by increasing all relevant physical layer parameters.

· Introduce 256QAM UE capability signalling for UE categories 6, 7, 9 and 10. For 256QAM capable UE increase all relevant physical layer parameters except the total number of soft channel bits.

· FFS whether significant UE cost and complexity reduction can be achieved by keeping the same peak data rate as in the existing UE categories.
· UE capability signalling for UE categories 6, 7, 9 and 10 should signal support of 256QAM per band per band combination, i.e. UE capability should allow indicating that the UE supports 256QAM in one band in a band combination, and not in another band in the same band combination.
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