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1 Introduction

In the last RAN1 meeting, the following agreements were achieved for 256QAM UE categories:
Agreements:
· Introduce signaling to indicate UE support for 256QAM

· Whether or not the UE indicates support for 256QAM in a band specific or band agnostic manner should be decided by RAN4
· One new UE category with 256QAM is introduced

· ~4Gbps targeting 5CC, 8 layer MIMO with 256QAM

· “Total number of soft channel bits” [47 431 680 bits]
· FFS: Support existing UE categories or new UE category

In this contribution, we further provide the analysis and discussion on UE category with introduction of 256QAM. It is an updated version of [1].
2 Discussion on UE category to support 256QAM
From the discussions on the previous RAN1 meetings, there seems to have broad support that 256QAM should be introduced in existing UE categories with capability signaling. Many companies prefer to support 256QAM in UE category 6/7/9/10. Since 256QAM will be applied in small cell scenarios, where these small cells might be equipped with single carrier in the initial stage, it would speed up the commercial use of 256QAM if the UE categories that were designed for single carrier could support this feature. When multiple component carriers are allocated to the small cells, the higher UE categories with multiple CC capability, which normally take longer time to produce, could be brought up to accommodate the market. 
Proposal 1:
· 256QAM is supported in the existing (or equivalent existing) UE categories 4,5,6,7,9,10. 
*Equivalent existing means a new UE category that is essentially equivalent to an existing one but supports 256QAM
There are different opinions on how to modify the fields in UE category table in 36.306 to support 256QAM. Three candidate options for updating physical layer parameter values of the ue-Categories are summarized in [1] and were heatedly discussed during the previous meetings.
Option 1: Maintain the existing UE category table in 36.306 to support 256QAM
Option 2: Maintain the field of “Maximum number of DL-SCH transport block bits received within a TTI” and increase the value of “Maximum number of bits of a DL-SCH transport block received within a TTI” to support 256QAM
Option 3: Increase the value of “Maximum number of DL-SCH transport block bits received within a TTI” field and “Maximum number of bits of a DL-SCH transport block received within a TTI” field to support 256QAM

Table 1 provides the merit and drawback of the three options to introduce 256QAM in existing UE categories.
Table 1. Comparison of the three options to introduce 256QAM in existing UE categories
	Option
	Merit
	Drawback

	Option1:
Keep all fields unchanged 
	· UE BB max. processing capability is unchanged. 
	· Do not support >15MHz bandwidth allocation when applying 256QAM 

	Option2:
Increase the field of” Maximum number of bits of a DL-SCH transport block received within a TTI” 
	· UE BB max. processing capability is unchanged. 
· Less constraint to the bandwidth allocation when applying 256QAM. 
	· Constraints on the combination of supported CC and bandwidth allocation, e.g, do not support maximum component carrier (CC) number when >15MHz bandwidth is allocated with 256QAM for each carrier.
· HARQ decoding performance degradation
· Cannot be used in category1~5 

	Option3:
Increase the field of ” 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” 
	· No limitation to the supported CC number and bandwidth allocation when applying 256QAM. 
· Achievable peak data rate is increased 
	· UE BB max. processing capability is increased.
· HARQ decoding performance degradation 


Considering that the early release UE categories have been widely deployed, it might not be worthwhile to change the max. UE processing capability and supported TBS size, so UE category 4/5 can be supported without field change.  
A single method can be used in UE category 6/7/9/10 to support 256QAM, either option 2 or 3 can be adopted. Naturally, it also applies to the potential UE categories that may be defined in Rel-11.
Proposal 2:
· Existing (or equivalent existing) UE category 4/5 can be supported without field change
· Existing  (or equivalent existing) UE category 6/7/9/10 can be supported by either option 2 or 3
There are discussions on introducing a new UE category to achieve 600Mbsp. Several methods could be adopted to formulate this new UE category.
· Assuming the 600Mbps UE category would be introduced in RANP in Rel-11, 256QAM will be supported in this new UE category in a similar manner as the existing UE category 9/10
· Or else, a 600Mbps new UE category is introduced targeting the following scenarios[2]
· 2DL CA + 4 layers MIMO 
· 4DL CA + 2layer MIMO 
· 3 DL CA + 2layer MIMO + 256 QAM 
· Note that 600Mbps data rate with “3 DL CA + 2layer MIMO + 256 QAM” can also be achieved if option3 is adopted for cat.9/10. The only difference is that the soft buffer size is not increased for option3.
Since the introduction of other new Rel-12 UE category should jointly take into account the available component carriers, supported MIMO layers and 256QAM, it needs to be carefully considered.
3 Conclusions

In this contribution, UE category with introduction of 256QAM is discussed, and the proposals are summarized as follows. 
Proposal 1:
· 256QAM is supported in the existing (or equivalent existing) UE categories 4,5,6,7,9,10. 
*Equivalent existing means a new UE category that is essentially equivalent to an existing one but supports 256QAM
Proposal 2:
· Existing (or equivalent existing) UE category 4/5 can be supported without field change
· Existing  (or equivalent existing) UE category 6/7/9/10 can be supported by either option 2 or 3
In addition, the introduction of other new Rel-12 UE categories should jointly consider the combination of available component carriers, supported MIMO layers and 256QAM feature.
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