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1 Introduction

At past RAN plenary meetings, some new UE categories were proposed to achieve higher peak data rate, e.g. 600/900Mbps, etc. in [1] [2] [3] [4], however no consensus was achieved. As listed in [4], some open issues still need to be solved:

· Take 256QAM into account when we design new categories for 600Mbps; 

· What’s the “granularity”  for future DL categories beyond 600Mbps;

· How to handle DL and UL in the categories, i.e. decouple them?
In this contribution, we provide further analysis on these issues. 

2 Discussion

2.1 Support of 600Mbps
At RAN1#78 meeting, RAN1 agreed to introduce two new UE categories based on data rates of “Categories 9, 10 + additional 256QAM”, and the data rate will be approximately 600 Mbps for the DL. RAN1 provided examples on “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” based on the scenario 3CC+2*2 MIMO +256 QAM. The 256QAM is optional for these two new categories. We think it is valid to take all possible scenarios into account when we define new categories in order to reduce marketing fragment as much as possible.  For 600Mbps, as we discussed before, the following 3 scenarios shall be considered:
· 2DL CA + 4 layers MIMO
· 4DL CA + 2layer MIMO 
· 3 DL CA + 2layer MIMO + 256 QAM
Therefore we propose:
Proposal 1: Introduce new UE categories 11 and 12 for 600Mbps DL, taking into account all the above 3 scenarios:
Category 11: 
· DL: 600Mbps peak data rate, targeting 2DL CA + 4 layers MIMO , 4DL CA + 2layer MIMO and 3 DL CA + 2layer MIMO + 256 QAM;
· UL: same as Cat 6;
Category 12: 
· DL: 600Mbps peak data rate, targeting 2DL CA + 4 layers MIMO , 4DL CA + 2layer MIMO and 3 DL CA + 2layer MIMO + 256 QAM;
· UL: same as Cat 7;
Proposal 2: Send an LS to RAN1 and RAN2 to ask them to take all these three scenarios into account when design physical layer parameter values set by the field ue-Category;
Considering that clear market requirements to introduce the DL peak data rate of 600Mbps were observed, in order to satisfy these requirements we propose:
Proposal 3: Introduce new UE categories 11 and 12 for 600Mbps from Rel-11;
2.2 Granularity for future DL categories
Another open issue is what the “granularity” could be for future DL categories beyond 600Mbps. In order to avoid market fragmentation, we should adopt the ones which support most combinations. However, we also need to consider the real requirements, i.e. whether the combination is realistic or not.
For the moment, we could use the combination of carrier aggregation, MIMO, 256 QAM to achieve higher throughput as shown in below table:

Table 1: examples of the combinations
	CC numbers
	MIMO layers
	256QAM
	Peak throughput

	1
	8
	No
	600Mbps

	1
	8
	Yes
	800Mbps

	2
	2
	Yes
	400Mbps

	2
	4
	No
	600Mbps

	2
	4
	Yes
	800Mbps

	2
	8
	No
	1200Mbps

	2
	8
	Yes
	1600Mbps

	3
	2
	Yes
	600Mbps

	3
	4
	No
	900Mbps

	3
	4
	Yes
	1200Mbps

	3
	8
	No
	1800Mbps

	3
	8
	Yes
	2400Mbps

	4
	2
	No
	600Mbps

	4
	2
	Yes
	800Mbps

	4
	4
	No
	1200Mbps

	4
	4
	Yes
	1600Mbps

	4
	8
	No
	2400Mbps

	4
	8
	Yes
	3200Mbps

	5
	2
	No
	750Mbps

	5
	2
	Yes
	1000Mbps

	5
	4
	No
	1500Mbps

	5
	4
	Yes
	2000Mbps

	5
	8
	No
	3000Mbps

	5
	8
	Yes
	4000Mbps


NOTE1: in table 1we do not take into account sub-combinations, e.g. 1cc 4*4 MIMO, 2cc 2*2MIMO, etc.;
NOTE 2: 8*8 MIMO is unlikely to be available soon. We may not take it into account at the present.  
If we take into account the support of different MIMO layers for CCs of one combination, then following scenarios could be used to achieve 750Mbps and 900Mbps:

750Mbps:

· 1CC 4*4MIMO + 3CC 2*2MIMO;
· 2CC 4*4MIMO + 2CC 2*2MIMO;

· 5CC, 2*2 MIMO per CC;

The support of 256QAM cannot fit 750Mbps well:

· 2CC 4*4MIMO 256QAM = 800Mbps;

· 1CC 4*4MIMO 256QAM + 2CC 2*2MIMO 256QAM = 800Mbps;
NOTE3: For 256QAM, we do not need to consider the scenario that 1CC supports 256QAM, but others cannot.
900Mbps:

· 3CC 4*4MIMO;

· 2CC 4*4MIMO +2CC 2*2MIMO;

· 1CC 4*4MIMO + 4CC 2*2MIMO;

The support of 256QAM also cannot fit 900Mbps well:

· 1CC 4*4MIMO 256QAM +3CC 2*2MIMO 256QAM=1000Mbps;

· 2CC 4*4MIMO 256QAM + 1CC 2*2MIMO 256QAM=1000Mbps;
· 5CC 2*2MIMO 256QAM=1000Mbps;

Note4: 4CC seems still far from the real market, we do not need to consider this combination for the next category;
To be realistic, considering 4CC is far from the real market, for next peak throughput, we should consider 800Mbps or 900Mbps. 
Proposal 4: ask RAN plenary to decide whether 800Mbps or 900Mbps shall be next peak throughput beyond 600Mbps.
2.3 Decoupling of DL and UL
Considering it is still unclear how to handle DL categories, we propose to postpone the discussion on the decoupling of DL and UL in UE categories to next RAN plenary.
Proposal 5: we can continue the discussion on the possible decoupling of DL and UL in UE categories at RAN#66.
3 Conclusion

In this contribution, we provide the further analysis on the open issues for new categories, and have following proposals: 
Proposal 1: Introduce new UE categories 11 and 12 for 600Mbps DL:
Category 11: 
· DL: 600Mbps peak data rate, targeting 2DL CA + 4 layers MIMO ,4DL CA+ 2layer MIMO and 3 DL CA + 2layer MIMO + 256 QAM;
· UL: same as Cat 6;
Category 12: 
· DL: 600Mbps peak data rate, targeting 2DL CA + 4 layers MIMO ,4DL CA+ 2layer MIMO and 3 DL CA + 2layer MIMO + 256 QAM;
· UL: same as Cat 7;
Proposal 2: Send an LS to RAN1 and RAN2 to ask them to take all these three scenarios into account when design physical layer parameter values set by the field ue-Category;
Proposal 3: Introduce new UE categories 11 and 12 for 600Mbps from Rel-11;
Proposal 4: ask RAN plenary to decide whether 800Mbps or 900Mbps shall be next peak throughput.
Proposal 5: we can continue the discussion on the possible decoupling of DL and UL in UE categories at RAN#66.
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