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1. Introduction & Background
At RAN1#78bis meeting, an LS on introduction of UE Categories 11 and 12 is sent from RAN1 to RAN2 [1]. In the LS, it is agreed to introduce two new UE categories based on data rates of “Categories 9, 10 + additional 256QAM”, which will be approximately 600 Mbps. RAN1 further recommends the new UE categories 11 and 12 are introduced since Rel-11. In the LS, it is also stated that the following two aspects require further discussion:
· RAN1 will continue discussions about one-to-one relationship between a peak data rate and UE category.
· For UE category 6 and 7, FFS if the new value for “Maximum number of DL-SCH transport block bits received within a TTI”  (“391632”) is applicable to UEs without 256QAM configuration or capability.
In this proposal, we will discuss the above two remaining issues for UE category design.
2. Discussion on one-to-one relationship between a peak data rate and UE category
Before the introduction of 256QAM, the traditional UE category design satisfies that each UE category corresponds to one unique peak data rate. The peak data rate of UE category depends on the combination of maximum transmit layers, the CA capability in terms of number of CCs that can be aggregated and the bandwidth of each CC. 
When introducing 256QAM, how to address the benefit brought by 256QAM was widely discussed. After a thorough discussion and a lot of compromise, the following agreements were achieved during the RAN1 #78 meeting [2]:

· For UE category 6/7, 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.

· Introduce two new UE categories based on data rates of “Categories 9, 10 + additional 256QAM”, it will be approximately 600 Mbps. 

The motivation for such modification of UE category 6/7 is to reduce the cost of chipset by keeping the soft buffer size, while reflect the benefit of 256QAM from the peak data rate perspective. The UEs that support such increased peak data rate can be distinguished by UE capability signaling, without introducing a totally new UE category. We believe that the agreement is a reasonable tradeoff between the benefit of 256QAM for UE category 6/7 and cost and complexity. 

Proposal 1: For UE category 6/7, the downlink peak data rate can be 300Mbps or 400Mbps, which can be distinguished by UE capability signaling.
3. Discussion on UE processing capability signalling for 256QAM
To indicate the newly added values of “Maximum number of DL-SCH transport block bits” and “Maximum number of bits of a DL-SCH transport block” in UE category 6/7, two signaling alternatives can be considered:

· Alternative 1 (Decoupling capability): introduce two decoupled capability signalings for supporting 256QAM UE categories. (as illustrated in Table I)
· Alternative 2 (one capability): introduce a single UE capability signaling, which couples the two classes of capability together (as illustrated in Table II).

· One capability is related to higher processing capability, i.e., Maximum number of DL-SCH transport block bits received within a TTI. Another capability is related to the support of other 256QAM aspects, e.g., requirements on RF of the UE receiver, 256QAM constellation mapping and 256QAM TBS, etc. 
Table I: Example of ‘Decoupling capability’ for supporting 256QAM – Alt 1
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Table II: Example of ‘one capability’ for supporting 256QAM  – Alt 2
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The main benefit of alternative 1 can be seen as follows,

· This solution provides flexibility for UEs to support the two capabilities of “Maximum number of DL-SCH transport block bits” and “Maximum number of bits of a DL-SCH transport block”. 
· This solution provides possibility for some UEs to introduce 256QAM by supporting the TBS of 256QAM and other 256QAM aspects without increasing the processing capability. 
· This solution allows some UEs without 256QAM feature to increase the peak data rate by enhancing its processing capability. This provides a chance to increase peak data rate based on the existing UE categories, rather than waiting for the advanced UE categories. This can be illustrated as follows

· Example 1:(2-layer and CA capable UE): 20MHz+20MHz CA migrates to 20MHz+20MHz+20MHz CA 
	Cat 6/7
	20MHz+20MHz CA 
	20MHz+20MHz+20MHz CA

	256QAM is NOT supported 
	Alt 1: Decoupling capability 
	300Mbps 
	[400Mbps] 

	
	Alt 2: one capability
	300Mbps 
	300Mbps 


 
· Example 2 (4-layer and CA capable UE): 20MHz (4-layer) migrates to 20MHz (4-layer)+20MHz (2-layer) CA
	Cat 6/7
	20MHz (4layer) 
	20MHz (4-layer)+20MHz (2-layer) CA

	256QAM is NOT supported 
	Alt 1: Decoupling capability 
	300Mbps 
	[400Mbps] 

	
	Alt 2: one capability
	300Mbps 
	300Mbps 



From the above analysis above we can observe that alternative 1 can provide more flexibility and outperforms alternative 2.  To address the impact of alternative 1, it is suggested to add 3-X on the UE feature group table discussed in RAN1 UE feature list on Rel-12 LTE [2], as shown in the following table. 
Table III: Suggested modification of RAN1 UE feature list on Rel-12 LTE
	WI
	#
	Feature group
	Components
	Prerequisite

	3. SCE Physical Layer 
	3-1 
	256QAM 
	1) 256QAM demodulation
2) 256QAM CQI feedback
3) Maximum number of bits of a DL-SCH transport block received within a TTI 
	[FFS]3-X

	
	…
	…
	…
	…

	
	3-X 
	[FFS]Higher processing capability 
	[FFS]Maximum number of DL-SCH transport block bits received within a TTI 
	None


Proposal 2 : Introduce two decoupled capability signalings for supporting 256QAM UE categories. One capability is related to higher processing capability, i.e., Maximum number of DL-SCH transport block bits received within a TTI. One capability is related to the support of other 256QAM aspects, e.g., requirements on RF of the UE receiver, 256QAM constellation mapping and 256QAM TBS, etc.
Proposal 3:  Increased processing capability in terms of “Maximum number of DL-SCH transport block bits received within a TTI”can be used even if 256QAM is not enabled.
4. Conclusions
In this contribution, we discussed the two remaining issues for UE category design. We propose that:
Proposal 1: For UE category 6/7, the downlink peak data rate can be 300Mbps or 400Mbps, which can be distinguished by UE capability signaling.
Proposal 2 : Introduce two decoupled capability signalings for supporting 256QAM UE categories. One capability is related to higher processing capability, i.e., Maximum number of DL-SCH transport block bits received within a TTI. One capability is related to the support of other 256QAM aspects, e.g., requirements on RF of the UE receiver, 256QAM constellation mapping and 256QAM TBS, etc.
Proposal 3:  Increased processing capability in terms of “Maximum number of DL-SCH transport block bits received within a TTI”can be used even if 256QAM is not enabled.
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