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1.  Introduction
At RAN#62, the study item on Small Cell Enhancements(SCE) for E-UTRA and E-UTRAN – Physical-layer Aspects had been completed and the work item will be started from RAN1#76 [1]. The conclusion of higher order modulation was agreed in R1-136079, which indicates [2]:
· RAN1 finds DL higher order modulation, i.e. 256QAM is beneficial in evaluated indoor sparse small cell scenarios with low mobility.
· RAN1 recommends to support DL higher order modulation, i.e. 256QAM.
According the above conclusions, and in order to support 256QAM transmission, a new UE category need to be supported in Rel-12.
2. UE category
In 3GPP Release 8, five UE categories were defined to support different UE capabilities, e.g., MIMO, UL 64QAM and etc. Later in Release 10, three new kinds of UE categories were appended to support higher UE capability with more layers and more carriers [3]. 
The UE capability supporting 256QAM transmission is different from the legacy UE categories in terms of maximum data rate. A comparison of the UE category supporting 256QAM and the legacy category 6/7/8 is illustrated in Table 1. With the same assumption, the peak data rate of UE supporting 256QAM reaches around 400Mbps, while the category 6/7 UE only supports up to 300Mbps. 
Table 1 Data rate of UE category supporting 256QAM

	
	Cat 8
	Cat 6/7
	Cat X (256QAM)

	Bandwidth
	20
	20
	20

	# subcarrier
	1200
	1200
	1200

	# of syms per 1ms
	12
	12
	12

	QAM
	6
	6
	8

	# of layers
	8
	2
	2

	# of CCs
	5
	2
	2

	code rate
	0.9
	0.9
	0.9

	data rate(Mbps)
	2966.308594
(3Gbps)
	296.6308594
(300Mbps)
	395.5078125
(400Mbps)


Proposal 1: introduce new UE category for UEs supporting downlink 256QAM.
Proposal 2: UE category definition for 256QAM UE should keep the same framework as for Rel-10 UE category, i.e., maximum data rates, and the CA capability and MIMO capability should be signaled separately.
Whether DL and UL categories should defined jointly to minimize the possible combinations of DL and UL categories, or separately to meet future demands in flexible manners is FFS. Two possible alternatives are as follows,
Alt 1. Define DL and UL UE category jointly

The Rel-8/10 UE categories definition combines downlink and uplink UE categories in one category in order to reduce the number of UE options. In order to support 256QAM, two new UE categories (Cat 9 and Cat 10) need to be defined to support one-layer uplink transmission and two-layer uplink transmission respectively (Table 2). 
Table 2 Example of new UE categories supporting 256QAM with combined DL and UL capability

(a) physical layer parameter values for downlink UE category
	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 9 
	[400000]*
	[200000](4 layers)
[100000] (2 layers)
	[4800000]
	2 or 4

	Category 10
	[400000]
	[200000](4 layers)
[100000] (2 layers)
	[4800000]
	2 or 4


* Note: [
·] denotes an estimation value which is to be determined later.
(b) physical layer parameter values for uplink UE category
	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  9
	51024
	51024
	No

	Category  10
	102048
	51024
	No


Alt 2. Define DL and UL UE categories separately

In order to meet future demands in flexible manners, for example, if the UL 64QAM transmission is to be supported together with DL 256QAM, more UE categories are needed. Another solution for new UE category definition is to decouple the downlink and uplink category for new UE category in Release 12. An example is listed in Table 3, which only defines Category 9 for downlink, while the uplink capability is selected from the legacy category 1~8.
Table 3 Example of new UE category supporting 256QAM with separate DL capability

	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 9
	[400000]
	[200000](4 layers)
[100000](2 layers)
	[4800000]
	2 or 4


Since the downlink and uplink UE category are decoupled, the information elements should be defined for downlink and uplink separately. An example is given in Table 4, which defines ue-Category-dl-v12xx and ue-Category-ul-v12xx for downlink and uplink respectively. Since no new uplink category is introduced, Category-ul-v12xx indicates the legacy Category 6 or 7.
Table 4 separate IEs for DL and UL ue-Categories defined for 256QAM
	UE-EUTRA-Capability-v1130-IEs ::=
SEQUENCE {


……


nonCriticalExtension



UE-EUTRA-Capability-v12xx-IEs

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


ue-Category-dl-v12xx



INTEGER (9)

ue-Category-ul-v12xx



INTEGER (6, 7)







……


nonCriticalExtension



SEQUENCE {}


OPTIONAL

}


Proposal 3: Whether DL and UL categories should defined jointly to minimize the possible combinations of DL and UL categories, or separately to meet future demands in flexible manners is FFS.
- Alternative 1: jointly DL and UL category
- Alternative 2: only define DL category for 256QAM
- Signal another UL category by reusing legacy UE category signalling
- Signal another UL category by new signalling
3.  Fallback of UE capability in legacy network
In order to support new UEs with high capability to work properly in the legacy networks, the new UEs should also report signaling about UE category that the legacy network could recognize, i.e., the new UEs with high capability will fall back to lower capability in the legacy networks. For example, the following requirement is defined in 3GPP 36.306: “A UE indicating category 6 or 7 shall also indicate category 4. A UE indicating category 8 shall also indicate category 5.” This indicates that Category 6 and 7 UE will fall back to Category 4, while Category 8 UE will fall back to Category 5 when the UE gets access to Release 8 or 9 networks.
Similarly, 256QAM UEs of Release 12 should fall back to lower category supported by Release 8~11 networks.  Take Solution Alt-1 for example. Category 9 could fall back to Category 7 in Rel-10/11 networks and fall back to Category 4 in Rel-8/9 networks. Category 8 could fall back to Category 6 in Rel-10/11 networks and fall back to Category 4 in Rel-8/9 networks.
Proposal 4: 256QAM UE can explicitly/implicitly signal a legacy UE category in order to support operation in legacy network.
-For Rel-8/9 network, a legacy UE category [X] is explicitly/implicitly signaled, where X value is selected from [4, 5];

-For Rel-10/11 network, a legacy UE category [Y] is explicitly/implicitly signaled, where Y value is selected from [6, 7];

-How to signal a legacy UE category is FFS.
4.  Conclusion
In this proposal, the new UE capabilities supporting 256QAM is discussed with the following proposals:
Proposal 1: introduce new UE categories for UEs supporting downlink 256QAM.
Proposal 2: UE category definition for 256QAM UE should keep the same framework as for Rel-10 UE category, i.e., maximum data rates, and the CA capability and MIMO capability should be signaled separately.
Proposal 3: Whether DL and UL categories should defined jointly to minimize the possible combinations of DL and UL categories, or separately to meet future demands in flexible manners is FFS.

- Alternative 1: jointly DL and UL category

- Alternative 2: only define DL category for 256QAM

- Signal another UL category by reusing legacy UE category signalling

- Signal another UL category by new signalling
Proposal 4: 256QAM UE can explicitly/implicitly signal a legacy UE category in order to support operation in legacy network.
-For Rel-8/9 network, a legacy UE category [X] is explicitly/implicitly signaled, where X value is selected from [4, 5];

-For Rel-10/11 network, a legacy UE category [Y] is explicitly/implicitly signaled, where Y value is selected from [6, 7];

-How to signal a legacy UE category is FFS.
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