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In RAN plenary meeting #62, a new WI on small cell enhancements – physical layer aspects was approved and it was decided to introduce 256QAM in the downlink for small cells in Rel-12 [1]. The standard impacts of introducing downlink 256QAM have been discussed and they mainly include CQI/MCS/TBS table design and UE category handling. In this contribution, we provide discussions on 256QAM UE category handling.
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A UE Category defines a combined uplink and downlink capability. The parameters set by the UE Category are defined in subclause 4.2 in [2]. In this contribution we focus on DL capabilities for different UE categories to support DL 256QAM in Rel-12. 
The main DL capabilities are the “Maximum number of DL-SCH transport block bits received within a TTI” and the “Total number of soft channel bits”. With the introduction of 256QAM, the capabilities will be affected. For a UE supporting maximum 2 spatial multiplexing layers, the maximum number of bits of a DL-SCH transport block received within a TTI can be expected to be raised from 75376 to 87936 (see, for example, 256QAM TBS proposal [3]). For a UE supporting maximum 4 spatial multiplexing layers, the maximum number of bits of a DL-SCH transport block received within a TTI can be expected to be raised from 149776 to 175600. For a UE supporting maximum 8 spatial multiplexing layers, the maximum number of bits of a DL-SCH transport block received within a TTI can be expected to be raised from 299856 to 354936.
A straightforward solution to handle these increased numbers of received bits is to define new UE categories requiring the UE to increase memory hardware to store the received bits. An example is illustrated in Table 1. This type of solutions requires substantial increase in UE memory hardware costs. For instance, a Category 16 UE will need to be equipped with enough memory to store 4262400 soft channel bits instead of 3654144 soft channel bits for a normal Category 6 UE.
However, it is expected that 256QAM will only be used when the UE is located in very favorable radio conditions, for example, when the UE is served by a close-by eNB with few other interfering radio signals in the frequency band. Therefore, the substantial additional hardware costs cannot be well justified with limited applicable scenarios and benefits. It would then be preferred if a less costly solution can be found.
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Table 1 Downlink physical layer parameter values set by the field ue-Category with larger total number of soft channel bits for supporting 256QAM
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note)
	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

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504
	149776 (4 layers)
75376 (2 layers)
	3654144
	2 or 4

	Category 7
	301504
	149776 (4 layers)
75376 (2 layers)
	3654144
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8

	Category 14
	[175872]
	[87936]
	[2131200]
	2

	Category 15
	[351200]
	[175600]
	[4253952]
	4

	Category 16
	[351744]
	[175600] (4 layers)
[87936] (2 layers)
	[4262400]
	2 or 4

	Category 17
	[351744]
	[175600] (4 layers)
[87936] (2 layers)
	[4262400]
	2 or 4

	Category 18
	[3549360]
	[354936]
	[42592320]
	8



Observation:
· It is not desirable to introduce new UE categories due to the substantially increased hardware cost and limited applicable scenarios and benefits of 256QAM.

In the following, we propose a more cost-efficient solution for UEs to support the introduction of 256QAM. This proposal is similar to the solution adopted in Rel-10 to support limited soft buffer for carrier aggregation. The rate matching parameters on the eNB side are set to the same values regardless of the number of aggregated cells. In the event of unsuccessful decoding, the UE is required to store an amount of soft channel bits that is inversely proportional to the number of aggregated cells.
The key factor for the proposal is that the UE has higher processing requirements if the UE is capable of receiving 256QAM. That is, a UE indicating support for 256QAM should have at least the processing power and memory resource (which was referred to as the “instantaneous buffer” during Rel-10 discussion) to process the reception of the largest 256QAM transport block. This allows the eNB to set the rate matching parameters based this larger “instantaneous buffer” to prepare the transmission. However, if the decoding is not successful, UE will only be required to store the same number of soft channel bits as is determined based on the currently defined UE category. More specifically, taking a Category 4 UE as an example, a single codeword with a transport block size of 87936 can be used to transmit data to the UE if the UE is configured to use 256QAM. The maximum number of received soft channel bits of this transport block size is 3*87936+12=263820. However, in case of an unsuccessful decoding, the UE will store only 1827072 / 8 = 228384 soft channel bits as is defined in Rel-11.
With this proposal, the UE stores the maximum number of soft channel bits regardless of whether the UE is configured to receive DL 256QAM or not. It is thus possible to reuse the existing UE Categories to support 256QAM DL by keeping the “Total number of soft channel bits” unchanged. For a UE indicating 256QAM capability is configured for 256QAM PDSCH, the UE shall be capable of receiving more transport block bits within a TTI. This proposal is illustrated in Table 2. The “Maximum number of bits of a DL-SCH transport block received within a TTI” is set to a larger value for a UE configured for 256QAM PDSCH and to the existing value for a legacy UE or a Rel-12 UE not configured for 256QAM DL transmission. The tentative numbers in Table 2 are set based on our TBS proposal in [3]. The “Maximum number of DL-SCH transport block bits received within a TTI” for up to two codewords are adjusted accordingly for each UE category.

[bookmark: _Ref377975355]Table 2: Reusing UE categories supporting 256QAM in DL
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note)
	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

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376 (64QAM)
	1237248
	2

	Category 4
	150752 (64QAM)
[175872] (256QAM)
	75376 (64QAM)
[87936] (256QAM)
	1827072
	2

	Category 5
	299552 (64QAM)
[351200] (256QAM)
	149776 (64QAM)
[175600] (256QAM)
	3667200
	4

	Category 6
	301504 (64QAM)
[351744] (256QAM)
	149776 (4 layers, 64QAM)
[175600] (4 layers, 256QAM)
75376 (2 layers, 64QAM)
[87936] (2 layers, 256QAM)
	3654144
	2 or 4

	Category 7
	301504 (64QAM)
[351744] (256QAM)
	149776 (4 layers, 64QAM)
[175600] (4 layers, 256QAM)
75376 (2 layers, 64QAM)
[87936] (2 layers, 256QAM)
	3654144
	2 or 4

	Category 8
	2998560 (64QAM)
[3549360] (256QAM)
	299856 (64QAM)
[354936] (256QAM)
	35982720
	8




With the proposed approach, DL 256QAM can be supported by using the existing UE categories and soft buffer memory hardware. It is a cost-efficient manner to support DL 256QAM and will speed up the implementation and application of 256QAM in DL in LTE. Therefore, we propose to adopt this approach for 256QAM UE category handling.
Proposal: 
· Update two fields in UE category “Maximum number of DL-SCH transport block bits received within a TTI” and “Maximum number of bits of a DL-SCH transport block received within a TTI” to support DL 256QAM
· Keep the “Total number of soft channel bits” in UE category. 
· Use one UE capability bit to signal the new processing capabilities.
Conclusions
In this contribution, we proposed a cost-efficient manner to handle 256QAM UE category in small cell scenarios. Based on the discussions, we made below observations and proposals 
Observations:
· It is not desirable to introduce new UE categories due to the substantially increased hardware cost and limited applicable scenario and benefits of 256QAM.
Proposals: 
· Reuse the existing UE categories and soft buffer memory hardware for DL 256QAM support to speed up adoption and UE implementation of 256QAM DL for LTE
· Update two fields in UE category “Maximum number of DL-SCH transport block bits received within a TTI” and “Maximum number of bits of a DL-SCH transport block received within a TTI” to support DL 256QAM
· Keep the “Total number of soft channel bits” in UE category.
· Use one UE capability bit to signal the new processing capabilities.
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