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1. Introduction 
As part of WID for small cell enhancement (PHY), which was approved at RAN #62 meeting, supporting 256 QAM needs to be specified.  Supporting 256 QAM would bring higher system and peak data rate as compared with those existing orders of modulations, and higher SINR in some scenarios such as small cell deployment make it feasible.  To fully utilize the benefits of this feature, defining new UE categories in Rel-12 could be considered. 
In RAN1# 76bis meeting, a number of contributions were submitted and a WF [1] was discussed with the following proposals. 

· 256QAM is supported in existing UE categories 3-10
· The field “Total number of soft channel bits” is not changed
· 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 256QAM peak data rate
· Use one UE capability bit to signal the new processing capabilities
· At least one new UE category with 256QAM is introduced
· ~4Gbps targeting 5CC, 8 layer MIMO with 256QAM
· FFS introduce other new UE categories with 256 QAM
However, no agreement could be reached. In this contribution, some discussions on handling of new UE categories/capability to support 256 QAM are presented. 
2. Handling of new UE categories/capability to support  256 QAM
At RAN1 #76 meeting, to support 3 DL CA with total system bandwidth of 60 MHz in rel-11, it was agreed to introduce two UE categories Error! Reference source not found. , namely Cat 9 and 10.  
	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 9
	452256
	149776 (4 layers)
75376 (2 layers)

	5481216
	2 or 4

	Category 10
	452256
	149776 (4 layers)
75376 (2 layers)

	5481216
	2 or 4

	NOTE:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.


Figure 1: Downlink physical layer parameter values set by the field ue-Category for Rel-11
	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	Category 1
	5160
	5160
	No

	Category 2
	25456
	25456
	No

	Category 3
	51024
	51024
	No

	Category 4
	51024
	51024
	No

	Category 5
	75376
	75376
	Yes

	Category 6
	51024
	51024
	No

	Category 7
	102048
	51024
	No

	Category 8
	1497760
	149776
	Yes

	Category 9
	51024
	51024
	No

	Category 10
	102048
	51024
	No


Figure 2: Uplink physical layer parameter values set by the field ue-Category for Rel-11
As shown in Figure 1 and Figure 2, these two new UE categories support the same data rate in DL but support different data rates in UL. In DL, as compared with cat 6 and 7, which are UE cat defined in Rel-10, the difference is that the cat 9/10 can support the following CA + MIMO combinations
· 3 CC + 2 layer per CC  (total 6 layers)
· 1 CC + 4 layer  and 1 CC + 2 layer  (total 6 layers)
That leads to about 450 Mbps peak data rate as compared with 300 Mbps for cat 6/7. 
New UE categories that support 256 QAM to achieve the maximum data rates could be defined in Rel-12 on top of the UE cat as defined in Rel-11. For example, two additional new UE cat could be introduced to support 256 QAM, one is to support 256 QAM based on the CA and MIMO configuration for cat 9/10, and other is to support 256 QAM based on CA and MIMO configuration for cat 8. 

	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 9
	452256
	149776 (4 layers)
75376 (2 layers)

	5481216
	2 or 4

	Category 10
	452256
	149776 (4 layers)
75376 (2 layers)

	5481216
	2 or 4

	Category 11
	[587424]
	[195816] (4 layers) 

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

	Category 12 
	[3916560]
	[391656]
	[46998720]
	8 

	NOTE:
In carrier aggregation operation, the DL-SCH processing capability can be shared by the UE with that of MCH received from a serving cell. If the total eNB scheduling for DL-SCH and an MCH in one serving cell at a given TTI is larger than the defined processing capability, the prioritization between DL-SCH and MCH is left up to UE implementation.


Figure 3: Downlink physical layer parameter values set by the field ue-Category for Rel-12

The UE cat 12 could be the upper bound UE cat to support 256 QAM and 8 CC. It may not be implemented by the UE vendors in the near future.  In comparison,  Cat 11 could be a  more practical UE cat that could be supported in the near future.  However, it is not clear if the operators have intention to support this UE cat in Re-12 or later release.  If such demand is not that strong, introduction of such UE cat could be considered in the future release. 
Proposal:

· At least two new UE cat could be considered to support 256 QAM, one supports similar MIMO and CA capability as UE cat 9/10 and the other supports MIMO and CA capability similar as UE Cat 8.  The introduction of such UE cat in Rel-12 may depend on the demand from the operators. 
One issue needs to be addressed is an UE with Rel-12 UE category should also indicate its fall back UE cat when the Rel-12 UE is in a legacy network that supports earlier release and legacy UE categories.  For example, a Rel-12 UE that supports Cat 11/12 accesses to a Rel-11 network that may only support UE Cat 9/10. Following the similar principle that was used in Rel-11 and earlier, the newly defined Rel-12 UE with cat 11/12 should indicate its fall back UE cats that support similar MIMO or CA capabilities. For example, a UE of cat 11 could indicate its fall back UE cat as UE cat 9/10, and as UE cat 6/7, as well as cat 4, and a UE of cat 12 could indicate its fall back UE cat as UE cat 8 . 

Proposal:

· The UE of cat 11 should also indicate cat 9/10, and indicate cat 6/7, as well as cat 4.  The UE of cat 12 should indicate cat 8. 

Even if new UE cat 11/12 are introduced to support 256 QAM,  it may also be desirable to support 256 QAM  in other existing UE cat to allow such higher order modulation being supported in a more wide range of UEs.  However, the soft buffer size in those existing UE cat may not be large enough to handle all number of HARQ processing, transport block sizes and bandwidth allocations when supporting 256 QAM. To solve this problem, some approaches were proposed in [3] [4], which include to either limit the bandwidth allocation,  or store only the partial soft channel bits for HARQ if the original decoding is not successful.  In [5],  it is further proposed to support DL 256 QAM by using the existing UE categories and soft buffer memory hardware with the following changes

· 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. 

By doing this, 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 256 QAM in DL PDSCH and set to the existing values for a legacy UE or a Rel-12 UE not configured for 256QAM DL transmission while maintain the same soft buffer size for each existing UE cat. That could be a cost-efficient way to support DL 256 QAM in existing UE cat and will accelerate the implementation and application of 256 QAM  in DL in LTE.  A UE capability signal could be defined to indicate that a Rel-12 UE  belong to an existing UE cat supports 256 QAM. 
Proposal:

· Supporting 256 QAM in existing UE cat can be considered as the first step to introduce 256 QAM. This can be achieved by changing two fields of transport block bits within a TTI while maintaining the total soft channel bits unchanged. 
· A UE capability signal could be defined to indicate that a Rel-12 UE belong to an existing UE cat supports 256 QAM. 

A number of new UE categories were or could be defined in Rel-11 and 12 to support 3 CC and  256 QAM in DL, and at the same time to accommodate the similar UL features as introduced in Rel-10, which includes either 2 layer or 4 layer SM. From the discussion, it is observed that more UE cat needs to be defined if DL and UL UE cat are defined together. For example, UE cat 6 and 7 have the same DL capability but different UL capability, and the same thing to Cat 9 and 10.  That leads to too many UE categories.  On the other side, some companies proposed to decouple 64 QAM in UL with the UE cat to allow more flexible support of 64 QAM [6]. In the future, if 256 QAM and 64 QAM are used more widely in UL to improve the UL throughout, more UL cat may need to be introduced.  It therefore seems more nature to also consider to de-couple UL and DL UE cat definition, namely, separate the UL UE cat and DL UE cat.  For example, to support 3CC, only one UE cat (e.g., cat 9) needs to be defined for DL. Such separation of UE cat could provide more flexibility in either DL or UL UE cat definition and avoid to introduce too many overall UE categories. 
To support the separation of UL and DL UE cat, new UE cat signals needs to be defined in 36.331, and the following is shown just as an example.

UE-EUTRA-Capability-v12xx-IEs ::=
SEQUENCE {


ue-Category-dl-v12xx




INTEGER (…)






OPTIONAL,


ue-Category-ul-v12xx




INTEGER (…)






OPTIONAL,


……….

}

Proposal:

· It may be worth to consider the separation of UL and DL UE cat definition to allow more flexibility and avoid to introduce too many UE cat. 
3. Conclusions

In this contribution, some aspects on handling of new UE categories/capability to support 256 QAM were discussed and our view at the stage can be summarized as follows
Proposal:

· At least two new UE cat could be considered to support 256 QAM, one supports similar MIMO and CA capability as UE cat 9/10 and the other supports MIMO and CA capability similar as UE Cat 8.  The introduction of such UE cat in Rel-12 may depend on the demand from the operators.

· The UE of cat 11 should also indicate cat 9/10, and indicate cat 6/7, as well as cat 4.  The UE of cat 12 should indicate cat 8. 

· Supporting 256 QAM in existing UE cat can be considered as the first step to introduce 256 QAM. This can be achieved by changing two fields of transport block bits within a TTI while maintaining the total soft channel bits unchanged. 

· A UE capability signal could be defined to indicate that a Rel-12 UE belong to an existing UE cat supports 256 QAM. 
· It may be worth to consider the separation of UL and DL UE cat definition to allow more flexibility and avoid to introduce too many UE cat. 
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