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1 Introduction
In RAN#72 the following agreement was made with respect to simultaneous signalling of category 9/10 and category 13 from Rel-12 UE [1]:

	· For a Rel-12 UE supporting all UE radio access capability parameters for both Cat.9/10 and Cat.13,

· The UE can report both Cat.9/10 and Cat.13

· The eNB may understand that the UE supports all UE radio access capability parameters of both Cat.9/10 and Cat.13

· Therefore either category can be applied individually (but not a combination of parameters of different categories)


In this contribution we provide our views on the expected RAN1 specification changes to support the agreement above.
2 Overview of category 9/10 and 13
UE categories 9/10 were introduced in Rel-11 to support data rates corresponding to carrier aggregation scenarios with three component carriers. The parameters of the UE categories 9/10 were obtained from parameters of the categories 6/7 by the corresponding scaling of the maximum data rate and soft buffer size, while keeping the maximum transport block size corresponding to 64QAM modulation. DL category 13 was introduced in Rel-12 to support data rate corresponding to carrier aggregation scenarios with two component carriers and 256QAM modulation. Similar to UE categories 9/10, the parameters of DL category 13 were obtained from the parameters of the UE categories 6/7 by corresponding scaling of the maximum data rate and maximum transport block size while keeping the soft buffer size. The parameters of the UE category 9/10 and DL category 13 are summarized in the table below.
	UE DL Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note 1)
	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

	DL Category 9
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4

	DL Category 10
	452256
	149776 (4 layers, 64QAM)

75376 (2 layers, 64QAM)
	5481216
	2 or 4

	DL Category 13
	391632
	195816 (4 layers, 256QAM)
97896 (2 layers, 256QAM)
	3654144
	2 or 4


For Rel-12 network DL category 9/10 and DL category 13 can be indicated using signalling ue-CategoryDL-r12, while for Rel-11 network UE category 9/10 can be indicated using ue-Category-v1170 signalling. To support backward compatibility with the networks supporting only the legacy categories one category from the previous release is indicated by the UE using ue-Category-v1170, ue-Category-v1020 and ue-Category (without suffix) signalling. 
3 Discussion on the expected RAN1 specification change
From RAN1 perspective, category signalling impacts two physical layer procedures such as rate matching for the coded bits and storing the received soft channel bits in case of decoding failure. In the following two approaches can be considered for simultaneous signalling of category 9/10 and category 13
· Option A: simultaneous signalling of category 9/10 and category 13 is supported by using ue-CategoryDL-r12 for indication of the DL category 13 and ue-Category-v1170 for indication of UE category 9/10
· Option B: simultaneous signalling of category 9/10 and category 13 is supported by using new signalling ue-CategorySimDL-v12xx and legacy signalling ue-CategoryDL-r12 and ue-Category-v1170 signalling

Although some feedback from RAN2 may be needed, we propose to agree on the principles in RAN1 without waiting RAN2 LS on signalling details.
Proposal: 

· RAN1 to agree on the main principles of supporting UE simultaneously indicating categories 9/10 and 13 and prepare CR based on RAN2 signalling design.

Rate matching for coded bits

According to TS 36.212, for category 9/10 and category 13 the parameter Kc for the rate matching is determined using the same Nsoft derived based on the conditions highlighted in yellow. As result, regardless of the assumed category (9/10 or 13), the same Kc value (either equal to 2 or 1) will be applied for determination of the rate matched bits. Given that the rate matching procedure remains the same as for category 9/10 and category 13, UE simultaneously indicating category 9/10 and category 13 can be supported by the reusing the existing procedure in TS 36.212 without modifications.
	If the UE signals ue-CategoryDL-r12 indicating UE category 0, or if the UE signals ue-CategoryDL-r12 indicating UE category 14 and is configured by higher layers with altCQI-Table-r12 for the DL cell, Nsoft is the total number of soft channel bits according to the UE category indicated by ue-CategoryDL-r12. Otherwise, if the UE signals ue-Category-v11a0, and is configured by higher layers with altCQI-Table-r12 for the DL cell, Nsoft is the total number of soft channel bits according to the UE category indicated by ue-Category-v11a0. Otherwise, if the UE signals ue-Category-v1020, and is configured with transmission mode 9 or transmission mode 10, or is configured with transmission mode 3 or transmission mode 4 and the higher layer parameter maxLayersMIMO-r10 is configured to fourLayers, for the DL cell, Nsoft is the total number of soft channel bits [4] according to the UE category indicated by ue-Category-v1020 [6]. Otherwise, Nsoft is the total number of soft channel bits [4] according to the UE category indicated by ue-Category (without suffix) [6].
If Nsoft = 35982720 or 47431680, 
KC= 5, 

elseif Nsoft = 7308288 and the UE is configured by higher layers with altCQI-Table-r12,

if the UE is capable of supporting no more than a maximum of two spatial layers for the DL cell in the transmission mode configured for the UE, or if the configured maximum number of layers indicated by the maxLayersMIMO-r10 field is no more than two,
KC  = 3

else

KC  = 3/2

end if.

elseif Nsoft = 3654144 and the UE is capable of supporting no more than a maximum of two spatial layers for the DL cell, or if the configured maximum number of layers indicated by the maxLayersMIMO-r10 field is no more than two,
KC  = 2

else 

KC  = 1
End if.


Proposal:

· No specification change is required for the rate matching procedure in TS 36.212 to support UE simultaneously indicating support of category 9/10 and 13 
Storing soft channel bits

According to categories definition, the total number of soft channel bits for UE category 9/10 and DL category 13 are different – support of UE category 9/10 requires larger memory for storing the received soft channel bits than DL category 13. Moreover, according to the current specification such UE will be only required to store the received soft channel bits according to DL category 13 which supports smaller soft buffer comparing to UE category 9/10. This implies that UE simultaneously indicating support of UE category 9/10 and DL category 13 would only need to support the soft buffer requirements according to DL category 13 and therefore, not to be fully capable of soft buffer requirements of UE category 9/10. To avoid such partial support of UE capability for indicated categories, the following solutions may be considered:
· Option 1: Clarify that UE shall store soft channel bits according to the maximum of Nsoft from different reported categories, i.e. use Nsoft from UE category 9/10 rather than DL category 13.
· Option 2: Clarify that the max Nsoft from UE category 9/10 is used at least when 256QAM is not configured 
Given that the memory for storing the received soft channel bits is typically not associated with baseband processing at the UE, Option 1 should be considered as baseline for the specification. 
Proposal:

· To support UE simultaneously indicating support of category 9/10 and 13 the Nsoft for sorting the received soft channel bits in TS 36.213 should be based on UE category 9/10 rather than DL category 13.
The example of the possible specification changes to TS 36.213 for Option A and Option B signalling is provided in the appendix. 
4 Summary

In this contribution we provide our views on the expected RAN1 specification changes to support the RAN agreement on support of UE simultaneously indicating categorises 9/10 and 13. It was proposed:

· RAN1 to agree on the main principles of supporting UE simultaneously indicating categories 9/10 and 13 and prepare CR based on RAN2 signalling design.

The proposed principles for deriving rate matching parameters and storing the received soft channel bits for such UEs are as follows:
· No specification change is required for the rate matching procedure in TS 36.212 to support UE simultaneously indicating support of category 9/10 and 13 
· To support UE simultaneously indicating support of category 9/10 and 13 the Nsoft for sorting the received soft channel bits in TS 36.213 should be based on UE category 9/10 rather than DL category 13.
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Option A&B:
	For FDD, TDD and FDD-TDD, if the UE is configured with more than one serving cell or if the UE is configured with a SCG, then for each serving cell, for at least 
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MDL_HARQ is the maximum number of DL HARQ processes. 
If the UE is configured with a SCG
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If the UE signals ue-CategoryDL-r12,
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Option A:

	For FDD, TDD and FDD-TDD, if the UE is configured with more than one serving cell or if the UE is configured with a SCG, then for each serving cell, for at least 
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 are defined in subclause 5.1.4.1.2 of [4]. 
MDL_HARQ is the maximum number of DL HARQ processes. 
If the UE is configured with a SCG
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If the UE signals ue-CategoryDL-r12 indicating DL category 13 and signals ue-Category-v1170, 
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Option B:
	For FDD, TDD and FDD-TDD, if the UE is configured with more than one serving cell or if the UE is configured with a SCG, then for each serving cell, for at least 
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