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RAN1 discussed the introduction of 256QAM together with how 256QAM relates to UE categories at RAN#78. The result of the RAN1 discussion is provided in the LS [1] .
It can be observed from the LS that RAN1 agreed to make 256QAM applicable for UE category 6/7. If a UE of category 6/7 indicates support for 256QAM the maximum data rate for the UE category is also changed. In addition RAN1 has agreed to introduce 3 new UE categories. 
· UE category 13 provides the theoretical maximum data rate of LTE with the introduction of 256QAM, which is about 4 Gbps in DL. 
· UE category 11/12 corresponds to ~600 Mbps UE categories. The UE can achieve this data rate with or without 256QAM. As an example 600 Mbps can be achieved with aggregation of 80 MHz of spectrum with 2 layers without 256QAM. Alternatively is to use carrier aggregation over 60 MHz with 256QAM supported. In addition it is also possible to support 4 DL layers with the UE category. 
The aspect of new UE categories was discussed at RAN #65, there was no agreement on introducing additional UE categories currently. It was however concluded that RAN1 can complete the design for the current agreed UE categories. 
This contribution we address the reaming aspect of the UE category design for the current agreed UE categories.
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UE category 11/12
There are mainly two open issues for category 11/12 that is what the maximum data rate is for the UE category and what of the legacy UE categories the UE will indicate to the network.
For the maximum data rate, the following agreement was captured in the RAN1 minutes at RAN1 #78
For two new UE categories based on data rates of “Categories 9, 10 + additional 256QAM”, change the numbers in the first column from the minimum of 4 values to the maximum of the 4 values in RAN1 #78bis meeting
Assuming there is no issue supporting any of the 4 combinations

We note that the different available data rates correspond to the following uses cases:
· 60 MHz of aggregated spectrum and 2 layer MIMO together with 256QAM: 587 Mbps 
· 30 MHz of aggregated spectrum and 4 layer MIMO together with 256QAM: 587 Mbps 
· 80 MHz of aggregated spectrum and 2 layer MIMO together without 256QAM: 603 Mbps 
· 40 MHz of aggregated spectrum and 4 layer MIMO together without 256QAM: 599 Mbps 
· Some other combinations of layer and aggregation is further possible
It is observed that the data rate difference between the smallest and larges case is 16 Mbps. It is further observed that in 36.306 in section 4.3.5.2 the following statement is provided:
The carrier aggregation and MIMO capabilities indicated for at least one band combination shall meet the processing requirements defined by the physical layer parameter values in the UE category (i.e., maximum number of DL-SCH/UL-SCH transport block bits received/transmitted within a TTI, maximum number of bits of a DL-SCH/UL-SCH transport block received/transmitted within a TTI, and total number of soft channel bits for downlink).
Hence in order to support all the above use cases with UE category 11/12 the UE category should be based on the minimum data rate and not the maximum data rate.
Proposal
· The maximum number of DL-SCH transport block bits received within a TTI (Note) of UE category 11/12 is : 587376 bits
How the soft buffer is supposed to be handled has already been captured in the specification and the resulting values can be seen in the appendix in table 2 and table 3. An issue with the current specified behavior is that the allocated soft buffer for the UE category on the eNB side for rate matching purposes is very large when 256QAM is configured and does not correspond well to the available soft buffer in case of many carriers are aggregated. The simplest way is that if 256QAM is configured the rate matching size of the soft buffer is divided by 3 and 1.5 depending on the number of layers the UE is capable of. Applicable soft buffer sizes will be according to table 4 and 5 in the Appendix. 
Proposal
· In case 256QAM is configured for UE category 11/12 the applicable buffer for rate matching should be divided with Kc = 3 if the UE is capable of 1-2 layers and Kc=1.5 if the UE is capable of 4-8 layers
The remaining aspect is how to handle the new UE category pairs in legacy networks. Similar as in previous release it is important that the UE category is able to function from a Rel-8 network and onwards. The principle would then be that UE category 11/12 further indicate category 9/10 (Rel-11), category 6/7 (Rel-10) and category 4 (Rel-8).
Proposal
· UE category 11 also indicate the following UE categories to the network: cat 9, 6 and 4
· UE category 12 also indicate the following UE categories to the network: cat 10, 7 and 4
UE category 6/7
The remaining aspect for UE category 6/7 is how to handle the FFS point in the table in [1] (Table 1 in appendix). The purpose with increasing the data rate for the UE category 6/7 is to operate 256QAM. Hence, it is preferred to delete the FFS to limit the data rate increase to the case when 256QAM is configured for the UE. If it is wished that the increased data rate can be used in other scenarios, the cleanest approach is instead to introduce two new UE categories being 6a/7a that has 256QAM as a mandatory feature, but if 256QAM is not configured or not fully utilized the data rate can instead be used by other techniques. 
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· For UE category 6/7, resolve the FFS by limiting the data rate increase to the case when 256QAM is configured for the UE, i.e. delete the FFS 
UE category 13
The remaining aspect for UE category 13 is how to handle the new UE category in a legacy network. Similar as in previous release it is important that the UE category is able to function from a Rel-8 network and onwards. The principle would then be that UE category 13 further indicate category 8 (Rel-10) and category 5 (Rel-8).
Proposal
· UE category 13 also indicate the following UE categories to the network: cat 8 and 5
Conclusion
In this contribution we discuss the remaining aspect of the UE category design for that came out of the small cell PHY WI. Based on the discussion in the contribution we propose the following: 
· The maximum number of DL-SCH transport block bits received within a TTI (Note) of UE category 11/12 is : 587376 bits
· In case 256QAM is configured for  UE category 11/12 the applicable buffer for rate matching should be divided with Kc = 3 if the UE is capable of 1-2 layers and Kc=1.5 if the UE is capable of 4-8 layers
· For UE category 6/7, resolve the FFS by limiting the data rate increase to the case when 256QAM is configured for the UE, i.e. delete the FFS 
· UE category 11 also indicate the following UE categories to the network: cat 9, 6 and 4
· UE category 12 also indicate the following UE categories to the network: cat 10, 7 and 4
· UE category 13 also indicate the following UE categories to the network: cat 8 and 5
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Appendix
· Table 1 ([1]): Downlink physical layer parameter values set by the field 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 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 (-)
391632 (256QAM configured; FFS if it is applicable to UEs without 256QAM configuration or capability)
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4

	Category 7
	301504(-)
391632 (256QAM configured; FFS if it is applicable to UEs without 256QAM configuration or capability)
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	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
	[587376]
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	[7114752]
	2 or 4

	Category 12
	[587376]
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	[7114752]
	2 or 4

	Category 13
	3916560
	391656
	47431680
	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.



Table 2: eNB encodes the transport block(s) assuming the following soft buffer size per DL cell
	UE category
	Total number of soft channel bits
	eNB encodes the transport block(s) assuming the following soft buffer size per DL cell

	 
	 
	Ncc=1
	Ncc=2
	Ncc=3
	Ncc=4
	Ncc=5

	Cat 1
	250368
	250368
	250368
	250368
	250368
	250368

	Cat 2
	1237248
	1237248
	1237248
	1237248
	1237248
	1237248

	Cat 3
	1237248
	1237248
	1237248
	1237248
	1237248
	1237248

	Cat 4
	1827072
	1827072
	1827072
	1827072
	1827072
	1827072

	Cat 5
	3667200
	3667200
	3667200
	3667200
	3667200
	3667200

	Cat 6,7
	3654144
	1827072*
3654144**
	1827072*
3654144**
	1827072*
3654144**
	1827072*
3654144**
	1827072*
3654144**

	Cat 6,7 (256QAM)
	3654144
	1827072*
3654144**) 
	1827072*
3654144**) 
	1827072*
3654144**) 
	1827072*
3654144**) 
	1827072*
3654144**)

	Cat 8
	35982720
	3667200*
7196544**
	3667200*
7196544**
	3667200*
7196544**
	3667200*
7196544**
	3667200*
7196544**

	Cat 9/10
	5481216
	1827072*
3654144**
	1827072*
3654144**
	1827072*
3654144**
	1827072*
3654144**
	1827072*
3654144**

	Cat 11/12
	7114752
	?*
?**
7114752***
	?*
?**
7114752***
	?*
?**
7114752***
	?*
?**
7114752***
	?*
?**
7114752***

	Cat 13
	47431680
	3667200*
7196544**
9486336***
	3667200*
7196544**
9486336***
	3667200*
7196544**
9486336***
	3667200*
7196544**
9486336***
	3667200*
7196544**
9486336***


*) Maximum of 1-2 layers is supported by the UE, **) Maximum of 4-8 layers is supported by the UE with TM9 or TM10, ***) 256QAM is configured

Table 3: UE stores received bits for a transport block(s) in its soft buffer assuming the following soft buffer size per DL cell
	UE category
	Total number of soft channel bits
	UE stores received bits for a transport block(s) in its soft buffer assuming the following soft buffer size per DL cell

	 
	 
	Ncc=1
	Ncc=2
	Ncc=3
	Ncc=4
	Ncc=5

	Cat 1
	250368
	250368
	125184
	83456
	62592
	50073

	Cat 2
	1237248
	1237248
	618624
	412416
	309312
	247449

	Cat 3
	1237248
	1237248
	618624
	412416
	309312
	247449

	Cat 4
	1827072
	1827072
	913536
	609024
	456768
	365414

	Cat 5
	3667200
	3667200
	1833600
	1222400
	916800
	733440

	Cat 6,7
	3654144
	1827072*
3654144**
	1827072
	1218048
	913536
	730828

	Cat 6,7 (256QAM)
	3654144
	1827072*
3654144**
	1827072
	1218048
	913536
	730828

	Cat 8
	35982720
	3667200*
7196544**
	3667200*
7196544**
	3667200*
7196544**
	3667200*
7196544**
	3667200*
7196544**

	Cat 9/10
	5481216
	1827072*
3654144**
5481216***
	1827072* 
2740608 ***, **
	1827072
	1370304
	1096243

	Cat 11/12
	7114752
	7114752***
	3557376 ***
	2371584 ***
	1778688***
	1422950***

	Cat 13
	47431680
	3667200*
7196544**
9486336***
	3667200*
7196544**
9486336***
	3667200*
7196544**
9486336***
	3667200*
7196544**
9486336***
	3667200*
7196544**
9486336***


*) Maximum of 1-2 layers is supported by the UE or a UE configured with TM1-8, **) Maximum of 4-8 layers is supported by the UE with TM9, ***) 256QAM is configured

Table 4: (updated) eNB encodes the transport block(s) assuming the following soft buffer size per DL cell
	UE category
	Total number of soft channel bits
	eNB encodes the transport block(s) assuming the following soft buffer size per DL cell

	 
	 
	Ncc=1
	Ncc=2
	Ncc=3
	Ncc=4
	Ncc=5

	Cat 11/12
	7114752
	1827072*
3654144**
2371584*
4743168**
	1827072*
3654144**
2371584*
4743168**
	1827072*
3654144**
2371584*
4743168**
	1827072*
3654144**
2371584*
4743168**
	1827072*
3654144**
2371584*
4743168**


*) Maximum of 1-2 layers is supported by the UE, **) Maximum of 4-8 layers is supported by the UE with TM9 or TM10
Italic 256QAM is configured, bold no 256QAM support

Table 5: (Updated) UE stores received bits for a transport block(s) in its soft buffer assuming the following soft buffer size per DL cell
	UE category
	Total number of soft channel bits
	UE stores received bits for a transport block(s) in its soft buffer assuming the following soft buffer size per DL cell

	 
	 
	Ncc=1
	Ncc=2
	Ncc=3
	Ncc=4
	Ncc=5

	Cat 11/12
	7114752
	1827072*
3654144**
2371584*
4743168**
	1827072*
3557376**
2371584*
3557376**
	1827072*
2371584**
2371584*,
**
	1778688
	1422950


*) Maximum of 1-2 layers is supported by the UE or a UE configured with TM1-8, **) Maximum of 4-8 layers is supported by the UE with TM9
Italic 256QAM is configured, bold no 256QAM support

