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1 Introduction
During the RAN#50 meeting, guidance was provided to the RAN1 and RAN2 chairmen on the discussion of UE capabilities for Rel-10 in [1]. According to the guidance:

· UE capabilities for DL MIMO and UL MIMO work items will be discussed first in RAN1 in RAN1#63bis
· LS will be sent to RAN2
· UE capabilities for CA will be discussed in RAN2
· RAN2 will prepare an initial proposal on UE capabilities covering all Rel-10 work items for discussion at RAN#51
In this contribution, related previous agreements are reviewed along with some other considerations followed by proposal of detailed signalling of MIMO related UE capabilities.
2 Proposal for MIMO-related UE capabilities

From the previous agreements in RAN Plenary, and RAN 1 and RAN 4 given in the Appendix, the following conclusions can be derived:

· In addition to UE category, MIMO and CA capabilities are signaled separately
· Combination of maximum number of layers and CA capabilities has to follow the constraint of the maximum data rate of the UE category
· MIMO capabilities are band-dependent for both DL and UL
· Maximum number of layers for DL MIMO can be different for a single UE category. (For example, 2 or 4 for UE categories 6 and 7.)
Based on these conclusions, the following are proposed:

· For each CA-band and non-CA band supported by the UE, a DL MIMO capability (maximum number of layers) and a UL MIMO capability (maximum number of layers) shall be reported.
· For DL (or UL), valid combination of CA-band class and MIMO capability shall follow the constraint of the maximum DL (or UL) data rate of the reported UE category.

3 Features Related to DL and UL MIMO

In addition to the maximum number of layers supported, new features related to Release 10 DL and UL MIMO WIs need to be categorized as mandatory or options for the UEs. Since these features are inter-related, it will be helpful to decide this first on the major features followed by the sub-features that are needed to support these major ones.
For UL MIMO, as discussed in Section 2, whether to support UL spatial multiplexing is actually band-dependent and will be reported separately from the UE category. When spatial multiplexing is supported for UL in certain band, the following features need to be supported as well:
· Uplink transmission mode 2, scrambling for two codewords, codeword-to-layer mapping for spatial multiplexing, precoding for spatial multiplexing, PUCCH TxD, OCC for UL DM-RS, UE-specific SGH disabling, UCI multiplexing on PUSCH (MIMO case), DCI format 4, UL multi-antenna power control
It is proposed that these sub-features are dependent on whether UL spatial multiplexing is supported and can therefore be band-dependent as well.
Other features for UL transmission, such as aperiodic SRS, PUCCH format 3, Dual RM coding, DCI format 0 (modified), multi-cluster PUSCH and simultaneous PUSCH/PUCCH transmission should be optional and signaled as FGI.
For DL MIMO, each of the related major features is discussed here.
· 8 layer spatial multiplexing depends on UE category and only supported by UE category 8 and therefore should be optional for other UE categories. Furthermore, the related sub-feature to support 8 layer spatial multiplexing should also be optional for UE categories other than 8 and tied to the 8-layer capability. These sub-features include codeword-to-layer mapping for more than 4 layers, the updated TBS table for TB on 3 or 4 layers, and 8 antenna ports of DM-RS.

· Transmission mode 9 should be supported as a mandatory feature. In order to support TM9, the following features should also be supported as mandatory: DCI format 2C, CSI-RS, PDSCH RE muting and associated rate matching, CSI measurement based on CSI-RS, DL DM-RS (for up to 4 layers).

· Support for CSI-RS and muting. Support of 8 antenna ports of CSI-RS (including muting) and associated new Rel-10 CQI/PMI/RI formats on PUSCH and PUCCH are mandatory as the DL transmit antenna configuration is cell-specific. Rate matching around CSI-RS and muted REs should be  mandatory independent of Transmission mode 9 in order to avoid negative impact on performance when cell-specific CSI-RS and/or PDSCH RE muting is configured
· Another feature that related to DL CSI reporting is the resource-specific measurements. Whether this feature is needed depends on the network deployments. In order for the networks to take advantages of various interference coordination schemes, it is beneficial that all the Rel-10 UEs support this feature as well as the related sub-features that are needed to facilitate resource-specific measurements.
4 Conclusions

In this contribution, MIMO-related UE capabilities in terms of supported number of layers for DL and UL, and the mandatory and optional features for Release-10 MIMO are discussed. Based on the discussions, it is proposed that:
· For each CA-band and non-CA band supported by the UE, a DL MIMO capability (maximum number of layers) and a UL MIMO capability (maximum number of layers) shall be reported.

· For DL (or UL), valid combination of CA-band class and MIMO capability shall follow the constraint of the maximum DL (or UL) data rate of the reported UE category.

In addition

· Sub-features which are needed for UL multi-layer transmission are dependent on whether UL spatial multiplexing is supported in that band
· Other features for UL transmission, such as aperiodic SRS, PUCCH format 3, Dual RM coding, DCI format 0 (modified), multi-cluster PUSCH and simultaneous PUSCH/PUCCH transmission, are optional.
· DL 8 layer spatial multiplexing is only supported by UE category 8.
· Support for transmission mode 9 is mandatory.
· Support for CSI-RS (up to 8 ports) and PDSCH RE muting is mandatory.
· Support for resource-specific measurements is mandatory.
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5 Appendix – Related Agreements

5.1 RAN Plenary Agreements
A CR [4] was also agreed during RAN#50 meeting on the inclusion of new UE categories in Rel-10 where the following tables were updated:

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
	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)
	3667200
	2 or 4

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3667200
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8


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


Note that for new UE categories 6 and 7, maximum number of supported layers for DL MIMO can be 2 or 4 depending on whether carrier aggregation is supported.

Some related recent agreements from RAN1 and RAN4 are also worth to review before moving forward to discuss the details of MIMO related UE capabilities. 
5.2 RAN4 Agreements
In current LS from RAN4 [3], conclusions from RAN4 were listed and the related conclusions are as following:

1. DL MIMO layer capability per frequency band should be explicitly signalled along with CA bandwidth class for each CA-band supported. 

2. For non CA bands, or for scenarios where there is only one CC on a frequency band, DL MIMO layer capability per frequency band should also be explicitly signalled.

3. UL MIMO layer capability per frequency band should be explicitly signalled along with CA bandwidth class for each CA-band supported. 

4. For non CA bands, or for scenarios where there is only one CC on frequency band, UL MIMO layer capability per frequency band should also be explicitly signalled.
5.3 RAN1 Agreements
For RAN1, an earlier way forward [2] includes the follow agreements:

Proposal 1: UE categories for Rel. 10 should be defined in terms of the maximum data rates, and the CA capability and MIMO capability should be signaled separately.

Proposal 6: The maximum number of UL layers and DL layers  (where applicable) supported by the UE should be signaled as UE capabilities

· For the newly defined Rel-10 UE categories (UE cat 6-8 below), if this is a single value for all supported bands or band-dependent is a RAN4 decision

· Limitation in the applicable values for a given UE category is a RAN4 decision
· Existing UE categories (UE cat 1-5) can be extended in Rel-10 with this signaling to support UL MIMO

· The signaling range defined in RAN2 should cover the whole range of layers supported in the RAN1 specifications
· Existing UE categories (cat 1-5) can be extended (reinterpreted) in Rel-10 by additional signaling of:
· The maximum number of supported UL layers 

· This value can be single value or band-specific value depending on RAN4 decision

· The number of supported CCs (depending on support for CA and if supported, CA band combinations)

· See Appendix for initial set of combinations between the number of CCs/bandwidths and the number of layers that satisfy the maximum data rates at each category
· Newly defined Rel-10 UE categories are complemented by the signaling of 
· The maximum number of supported DL and UL layers 

· This value can be single value or band-specific value depending on RAN4 decision

· The number of supported CCs (depending on support for CA and if supported, CA band combinations)

· See Appendix for initial set of combinations between the number of CCs/bandwidths and the number of layers that satisfy the maximum data rates at each category












































































