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1
Introduction

In RAN Plenary #62, small cell enhancements work item was approved [1]. The WID stated that RAN1 should work on specifying physical layer aspects of downlink 256 QAM, while keeping the existing size of CQI feedback field and MCS indication field.
In this contribution, we discuss UE category issues with the introduction of downlink 256 QAM.
2
Discussion of new UE categories
Some of the possible ways to handle 256 QAM in UE category has been discussed in [2], [3], and [4]. The proposed changes to UE category can be classified into two approaches.
Approach 1) Define 1 or 2 new UE categories, which are optimized for 256 QAM [2], [3].
In approach 1, we define one or two new UE categories, which will be optimized for 256 QAM receptions. It will be possible for other UE categories to support 256 QAM. However, the data rate of the legacy UE categories will be still limited by the existing maximum soft channel bits. An example of approach 1 is shown in Table 1.

Table 1. Downlink physical layer parameter values set by the field ue-Category [2]
	UE Category 
	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 

	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 A
(256QAM optimized version of Cat 4/6/7)
	[587424]
	[195816] (4 layers) 

[97896] (2 layers)  
	[7114752]
	2 or 4 

	Category 8 
	2998560 
	299856 
	35982720 
	8 

	Category B 
(256QAM optimized version of Cat 5/8)
	[3916560]
	[391656]
	[46998720]
	8 


Approach 2) Define a new maximum data-rate (i.e. higher soft bit size) for each existing UE category [4]
In approach 2, we define new soft buffer sizes for each UE category that supports 256 QAM. This assumes that UE category 4 supporting 256QAM is required to support higher data rates. An example of approach 2 is shown in Table 2. It should be noted that the example in Table 2 assumes that 256 QAM will not be supported for Cat 1, 2, and 3.
Table 2: Reusing UE categories supporting 256QAM in DL [4]

	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


Approach 2 is almost equivalent to building 5 more UE categories and mandating support of 256 QAM for these 5 UE categories. Although this may allow flexibility for chip vendors to choose which UE category to implement with 256 QAM, 256 QAM is expected to be feature for the high-end UE implementations. Therefore, it may not necessary to provision the support of 256 QAM in all UE categories. Up to now, UE categories were defined so that it dictates the maximum supported data rate. With approach 2, this UE category definition is changed and two supported rates exist for each UE category. Therefore, between the approaches, approach 1 is preferable.

Proposal 1: Define 1 or 2 new UE categories, which are optimized for 256 QAM
Proposal 2: Do not change existing UE category definitions.
3
Discussion of maximum supported data rate with 256 QAM
In general, if the UE can achieve 300 Mbps with 64QAM, it should be possible to achieve 8/6 x 300 Mbps = 400 Mbps with 256 QAM. Of course, it is debatable. Just because certain data rate is possible on paper, it may not be a good idea to mandate UEs that support 256 QAM to meet such requirements.

From marketing perspective, 256 QAM supporting UEs should be able to meet higher data rates and it should be 8/6 higher than what is available for 64 QAM. The 33% gain in throughput improvements just might be the right motivation for some chip and network vendors to support 256 QAM. On the other hand, maximum data rate can usually be only met in special environments and may not be very typical. If so, 256 QAM supporting UE may be only required to support less than 8/6 improvement in data rate compared with existing UEs. For example, in [4] only 16.6% improvement in maximum data-rate is required for 256 QAM UEs.
Given that 256 QAM is a feature for the high-end UE implementations and improvements in modern silicon technology helps resolve issues with large die size occupied by the soft buffer bits, we believe it should to specify the highest maximum achievable data rate for 256 QAM optimized UE categories. Even if the 256 QAM is not enabled at the eNB, the UE would still benefit from the higher maximum data rates which can motivate implementation of such UE category.
Proposal 3: maximum supported data rate (and the corresponding soft buffer size) for 256 QAM optimized UE category should be approximately 8/6 higher than existing UE categories.
3
Conclusions

In this contribution, we discuss UE category issues with the introduction of downlink 256 QAM. The following is our proposals:
Proposal 1: Define 1 or 2 new UE categories, which are optimized for 256 QAM
Proposal 2: Do not change existing UE category definitions.
Proposal 3: maximum supported data rate (and the corresponding soft buffer size) for 256 QAM optimized UE category should be approximately 8/6 higher than existing UE categories.
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