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1 Introduction

During 4Rx WI it was observed in [1] that TM3/4 can’t support 4 layers operations with practical UE categories as following.
Observation 1: 4 layers operation with TM3 and TM4 can only be supported by limited UE categories as UE category 5, 8 and UE DL category 14. 4 layers operations with TM9 and TM10 can be supported by all necessary UE categories.

Observation 2: The limited UE categories are considered to be unrealistic for Rel-13 UEs to support 4 Rx features due to the fact UE category 5 can’t support 256QAM and UE category 8 and UE DL category 14 require too much hardware memory for soft buffer.

In this contribution proposals on how to fix capability signalling for practical UE categories to support TM3/4 with 4 layers operations.
2 Discussions 
The UE category and UE DL category are defined in [2]. Moreover, UE category 15 and 16 are agreed to be added into the list of UE DL category in [3] as new UE categories for Rel-12. The combined UE categories and UE DL categories including the new UE DL categories are listed in Table 1 with the last 2 columns indicating the supported releases and the typical deployment scenarios to reach DL peak data rate with 2 layers. For UE categories up to UE DL category 13 there are SDR tests defined in RAN4 already in [4] with the typical test configurations listed in Table 1 in the last column. For UE DL categories 15, 16 more typical combinations to each peak data rate are discussed in [5] for reference.
In Rel-8, 5 UE categories were defined within LTE. During the standardisation of Rel-10 the data rate of LTE was enhanced significantly and gave the possibility to define new UE categories with higher DL data rates than in Rel-8. Within both HS and LTE there is no support for the network to signal a release indicator of the network as the network can be a mixture of multiple releases. In order for the new UE categories that were defined in Rel-10 to be backwards compatible it was decided that each new UE category should also signal support for a UE category in Rel-8. Take UE categories 6, 7 as example, these UE categories also signals support also for UE category 4. UE Cat 4 only supports 2 layers with any transmission mode. One point of discussion during Rel-10 UE category discussion was which TMs should be supported with more than 2 layers for UE category 6 and 7. At that point of time it was agreed knowingly that this should only be supported with TM9. Within Rel-11 this was further extended to also include TM10. There are several reasons why this decision was taken although all reasons may not be shared by everyone. Summaries it comes down to two different main things:
· CSI measurements reporting and soft buffer handling for TM3/4 requires explicit RRC signalling to active support for four layers support. Some companies believed such signalling was complex to introduce considering small differences between TM9 and TM4/3.

· Streamline the four layer support to a single TM to simplify the market situation 
Within the Rel-13 4Rx WI several operators as expressed a wish to have TM3/4 supported with 4 layers with practical UE categories in order to support recent deployment plans. With respect to operators’ deployment planning it’s preferred to fix the capability issue for practical UE categories to support TM3/4 with 4 layers operations.

Proposal 1: 3GPP should try to look for solution to fix capability signalling issue for practical UE categories to support TM3/4 with 4 layers operations.
Table 1 UE category and UE DL category

	UE Category/ 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
	Supported Release
	Typical deployment scenarios to reach DL peak data rate with 2 layers

	DL Category 0
	1000
	1000
	25344
	1
	Rel-12
	1 CC

	Category 1
	10296
	10296
	250368
	1
	Rel-8
	1 CC

	Category 2
	51024
	51024
	1237248
	2
	Rel-8
	1 or 2 CCs

	Category 3
	102048
	75376
	1237248
	2
	Rel-8
	1 or 2 CCs

	Category 4
	150752
	75376
	1827072
	2
	Rel-8
	1 or 2 CCs

	Category 5
	299552
	149776
	3667200
	4
	Rel-8
	1 or 2 CCs

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4
	Rel-10
	20MHz+64QAM+2 layers+2CCs

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4
	Rel-10
	20MHz+64QAM+2 layers+2CCs

	Category 8
	2998560
	299856
	35982720
	8
	Rel-10
	TBD

	Category 9
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4
	Rel-11
	20MHz+64QAM+2 layers+3CCs

	Category 10
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4
	Rel-11
	20MHz+64QAM+2 layers+3CCs

	Category 11
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4
	Rel-11
	20MHz+64QAM+2 layers+4CCs
Or

20MHz+256QAM+2 layers+3CCs



	Category 12
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4
	Rel-11
	20MHz+64QAM+2 layers+4CCs
Or

20MHz+256QAM+2 layers+3CCs



	DL Category 13
	391632
	195816 (4 layers)
97896 (2 layers)
	3654144
	2 or 4
	Rel-12
	20MHz+256QAM+2 layers+2CCs

	DL Category 14
	3916560
	391656
	47431680
	8
	Rel-12
	TBD

	DL Category 15
	749856-798800
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	9744384 
	2 or4 
	Rel-12
	20MHz+64QAM+2 layers+5CCs

Or

20MHz+256QAM+2 layers+4CCs

	DL Category 16
	978960 -1051360
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
97896 (2 layers, 256QAM)
	12789504 
	2 or4
	Rel-12
	20MHz+256QAM+2 layers+5CCs

	NOTE 1:
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.


Then the next question from which release of the UE category we need to have such capability signalling fixed? This also relates to the release independent issue for a 4Rx UE to be supported and tested. 

4Rx is a Rel-13 feature which could be considered to be an optional feature. Further, the feature could potentially be declared feature from UE side per each band. Normally for a new feature defined in later release to support and test it from a legacy release UE it is considered not too far away from the defined release in order to better map to a practical deployment in the market both from network and UE sides. So from the typical deployment scenarios considered for UE categories it’s necessary to fix the capability signalling for at least Rel-12. Depending on if the actually signalling should be UE category specific or agnostic to the UE category can be left to RAN1 and RAN2 to decide.
The solution for such capability in Rel-12 could be rather straight forward by defining separated capability similar to “supportedMIMO-CapabilityDL-r10”. The capability as “supportedMIMO-CapabilityDL-r10” is defined in [2] copied here as following to indicate that the capability to support MIMO with more layers than the ones indicated from each UE category is only defined for TM9 and TM10. 
4.3.4.7
supportedMIMO-CapabilityDL-r10

This field defines the number of spatial multiplexing layers in the downlink direction in a certain supportedBandCombination supported by the UE.

The support for more layers in supportedMIMO-CapabilityDL than given by the “maximum number of supported layers for spatial multiplexing in DL” derived from the ue-Category or ue-CategoryDL in the UE-EUTRA-Capability IE is only applicable to transmission mode 9 and transmission mode 10.
In case it’s decided to fix the capability for Rel-12 UE categories a separated capability similar to above could be considered to indicate the supported MIMO layers for TM3 and TM4, e.g. as following. A separated capability not linked to the existing one is preferred in order to provide more flexibility for the UE side to have different product supporting separated features with TM3/4 and TM9/10 with 4 layers. An LS to RAN1 to indicate such request is provided in [7].
4.3.4.7A
supportedMIMO-CapabilityDL_TM3_TM4-r12

This field defines the number of spatial multiplexing layers in the downlink direction in a certain supportedBandCombination supported by the UE.

The support for more layers in supportedMIMO-CapabilityDL than given by the “maximum number of supported layers for spatial multiplexing in DL” derived from the ue-Category or ue-CategoryDL in the UE-EUTRA-Capability IE is only applicable to transmission mode 3 and transmission mode 4.
Proposal 2: A separated capability as supportedMIMO-CapabilityDL_TM3_TM4-r12 could be considered to fix the capability signalling for at least Rel-12 UE categories e.g. UE DL category 13, 15, 16 to support TM3/4 with 4 layers MIMO.
Proposal 3: Ask RAN1 to introduce support for TM3/4 with 4 layers (i.e. 4x4 MIMO) from Rel-12 and onwards by explicit capability and configuration signalling for the applicable UE categories.
Rel-10 UE categories are considered to be too early to support 4 layers MIMO operations but in case it’s confirmed by all major operators and UE companies with practical need and products to have Rel-11 UE categories to support 4 layers MIMO operation with TM3/4 a similar solution as above to have a Rel-11 capability applied to Rel-11 and onwards UE categories could be considered. 
Proposal 4: A similar solution as above to have a Rel-11 capability applied to Rel-11 and onwards UE categories could be considered in case it’s necessary and confirmed by operators and other vendors.

3 Conclusion

This contribution discusses the capability issue for practical UE categories to support TM3/4 with 4 layers operation and provide following proposals.
Proposal 1: 3GPP should try to look for solution to fix capability signalling issue for practical UE categories to support TM3/4 with 4 layers operations.
Proposal 2: A separated capability as supportedMIMO-CapabilityDL_TM3_TM4-r12 could be considered to fix the capability signalling for at least Rel-12 UE categories e.g. UE DL category 13, 15, 16 to support TM3/4 with 4 layers 4x4 MIMO.

Proposal 3: Ask RAN1 to introduce support for TM3/4 with 4 layers (i.e. 4x4 MIMO) from Rel-12 and onwards by explicit capability and configuration signalling for the applicable UE categories.
Proposal 4: A similar solution as above to have a Rel-11 capability applied to Rel-11 and onwards UE categories could be considered in case it’s necessary and confirmed by operators and other vendors.
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5 Appendix: UE category defined in [2]

4.1
ue-Category
The field ue-Category defines a combined uplink and downlink capability. The parameters set by the UE Category are defined in subclause 4.2. Tables 4.1-1 and 4.1-2 define the downlink and, respectively, uplink physical layer parameter values for each UE Category. A UE indicating category 6 or 7 shall also indicate category 4. A UE indicating category 8 shall also indicate category 5. A UE indicating category 9 shall also indicate category 6 and 4. A UE indicating category 10 shall also indicate category 7 and 4. A UE indicating category 11 shall also indicate category 9, 6 and 4. A UE indicating category 12 shall also indicate category 10, 7 and 4. Table 4.1-4 defines the minimum capability for the maximum number of bits of a MCH transport block received within a TTI for an MBMS capable UE.

Table 4.1-1: 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 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

	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
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	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
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4

	Category 12
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4

	NOTE 1:
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 4.1-2: Uplink physical layer parameter values set by the field ue-Category

	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	Category 1
	5160
	5160
	No

	Category 2
	25456
	25456
	No

	Category 3
	51024
	51024
	No

	Category 4
	51024
	51024
	No

	Category 5
	75376
	75376
	Yes

	Category 6
	51024
	51024
	No

	Category 7
	102048
	51024
	No

	Category 8
	1497760
	149776
	Yes

	Category 9
	51024
	51024
	No

	Category 10
	102048
	51024
	No

	Category 11
	51024
	51024
	No

	Category 12
	102048
	51024
	No


Table 4.1-3: Total layer 2 buffer sizes set by the field ue-Category
	UE Category
	Total layer 2 buffer size [bytes]
	With support for split bearers

	Category 1
	150 000
	230 000

	Category 2
	700 000
	1 100 000

	Category 3
	1 400 000
	2 300 000

	Category 4
	1 900 000
	3 100 000

	Category 5
	3 500 000
	5 900 000

	Category 6
	3 300 000
	5 800 000

	Category 7
	3 800 000
	6 200 000

	Category 8
	42 200 000
	61 600 000

	Category 9
	4 800 000
	7 200 000

	Category 10
	5 200 000
	7 600 000

	Category 11
	6 200 000
	11 000 000

	Category 12
	6 700 000
	11 500 000


Table 4.1-4: Maximum number of bits of a MCH transport block received within a TTI set by the fieldue-Category for an MBMS capable UE 
	UE Category
	Maximum number of bits of a MCH transport block received within a TTI

	Category 1
	10296

	Category 2
	51024

	Category 3
	75376

	Category 4
	75376

	Category 5
	75376

	Category 6
	75376

	Category 7
	75376

	Category 8
	75376

	Category 9
	75376

	Category 10
	75376

	Category 11
	75376 (64QAM)
97896 (256QAM)

	Category 12
	75376 (64QAM)
97896 (256QAM)


Table 4.1-5: Half-duplex FDD operation type set by the field ue-Category for a half-duplex FDD capable UE

	UE Category
	Half-duplex FDD operation type

	Category 1
	Type A

	Category 2
	Type A

	Category 3
	Type A

	Category 4
	Type A

	Category 5
	Type A

	Category 6
	Type A

	Category 7
	Type A

	Category 8
	Type A

	Category 9
	Type A

	Category 10
	Type A

	Category 11
	Type A

	Category 12
	Type A


4.1A
ue-CategoryDL and ue-CategoryUL
The fields ue-CategoryDL and ue-CategoryUL define downlink/uplink capability respectively. The parameters set by the UE DL/UL Categories are defined in subclause 4.2. Tables 4.1A-1 and 4.1A-2 define the downlink and, respectively, uplink physical layer parameter values for each UE DL/UL Category Table 4.1A-4 defines the minimum capability for the maximum number of bits of a MCH transport block received within a TTI for an MBMS capable UE. Table 4.1A-6 defines the only combinations for UE UL and DL Categories that are allowed to be signalled with ue-CategoryDL and ue-CategoryUL. Table 4.1A-6 also defines which UE Categories a UE shall indicate in addition to the combinations for UE UL and DL Categories.
Table 4.1A-1: Downlink physical layer parameter values set by the field ue-CategoryDL
	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 0 (Note 2)
	1000
	1000
	25344
	1

	DL Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	DL Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3654144
	2 or 4

	DL Category 9
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	DL Category 10
	452256
	149776 (4 layers)

75376 (2 layers)
	5481216
	2 or 4

	DL Category 11
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4

	DL Category 12
	603008
	149776 (4 layers, 64QAM)
195816 (4 layers, 256QAM)
75376 (2 layers, 64QAM)
97896 (2 layers, 256QAM)
	7308288
	2 or 4

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

	DL Category 14
	3916560
	391656
	47431680
	8

	NOTE 1:
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.
NOTE 2:
Within one TTI, a UE indicating category 0 shall be able to receive up to 1000 bits for a transport block associated with C-RNTI/Semi-Persistent Scheduling C-RNTI/P-RNTI/SI-RNTI/RA-RNTI and up to 2216 bits for another transport block associated with P-RNTI/SI-RNTI/RA-RNTI


Table 4.1A-2: Uplink physical layer parameter values set by the field ue-CategoryUL

	UE UL Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	UL Category 0
	1000
	1000
	No

	UL Category 3
	51024
	51024
	No

	UL Category 5
	75376
	75376
	Yes

	UL Category 7
	102048
	51024
	No

	UL Category 8
	1497760
	149776
	Yes

	UL Category 13
	150752
	75376
	Yes


Table 4.1A-3: Total layer 2 buffer sizes set by the fields ue-CategoryDL and ue-CategoryUL

	UE DL Category
	UE UL Category
	Total layer 2 buffer size [bytes]
	With support for split bearers

	DL Category 0
	UL Category 0
	20 000
	N/A

	DL Category 6
	UL Category 5
	3 500 000
	TBD

	DL Category 7
	UL Category 13
	4 200 000
	TBD

	DL Category 9
	UL Category 5
	5 000 000
	TBD

	DL Category 10
	UL Category 13
	5 700 000
	TBD

	DL Category 11
	UL Category 5
	6 400 000
	TBD

	DL Category 12
	UL Category 13
	7 100 000
	TBD

	DL Category 13
	UL Category 3
	4 200 000
	7 300 000

	DL Category 13
	UL Category 5
	4 400 000
	TBD

	DL Category 13
	UL Category 7
	4 700 000
	7 800 000

	DL Category 13
	UL Category 13
	5 100 000
	TBD

	DL Category 14
	UL Category 8
	50 800 000
	76 200 000


Table 4.1A-4: Maximum number of bits of a MCH transport block received within a TTI set by the field ue-CategoryDL for an MBMS capable UE 
	UE DL Category
	Maximum number of bits of a MCH transport block received within a TTI

	DL Category 0
	4584

	DL Category 6
	75376

	DL Category 7
	75376

	DL Category 9
	75376

	DL Category 10
	75376

	DL Category 11
	75376 (64QAM)
97896 (256QAM)

	DL Category 12
	75376 (64QAM)
97896 (256QAM)

	DL Category 13
	75376 (64QAM)
97896 (256QAM)

	DL Category 14
	75376 (64QAM)
97896 (256QAM)


Table 4.1A-5: Half-duplex FDD operation type set by the field ue-CategoryDL for a half-duplex FDD capable UE

	UE DL Category
	Half-duplex FDD operation type

	DL Category 0
	Type B

	DL Category 6
	Type A

	DL Category 7
	Type A

	DL Category 9
	Type A

	DL Category 10
	Type A

	DL Category 11
	Type A

	DL Category 12
	Type A

	DL Category 13
	Type A

	DL Category 14
	Type A


Table 4.1A-6: supported DL/UL Categories combinations set by the fields ue-CategoryDL and ue-CategoryUL and UE categories to be indicated
	UE DL Category
	UE UL Category
	UE categories

	DL Category 0
	UL Category 0
	N/A

	DL Category 6
	UL Category 5
	Category 6, 4

	DL Category 7
	UL Category 13
	Category 7, 4

	DL Category 9
	UL Category 5
	Category 9, 6, 4

	DL Category 10
	UL Category 13
	Category 10, 7, 4

	DL Category 11
	UL Category 5
	Category 11, 9, 6, 4

	DL Category 12
	UL Category 13
	Category 12, 10, 7, 4

	DL Category 13
	UL Category 3
	Category 6, 4

	DL Category 13
	UL Category 5
	Category 6, 4

	DL Category 13
	UL Category 7
	Category 7, 4

	DL Category 13
	UL Category 13
	Category 7, 4

	DL Category 14
	UL Category 8
	Category 8, 5
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