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1 Introduction
In LTE, UE with MIMO capability of 1 MIMO layer is supported by two UE categories - 0 and 1. In this contribution we discuss the possible issue of the RI reporting for such UE categories focusing on DM-RS based TM9 and TM10.

2 Discussion
In accordance to TS 36.213 RI along with PMI is not reported by the UE in the following cases [1]:
· The number of CSI-RS/CRS ports is 1
· PMI/RI reporting is not configured for the UE or
· CSI feedback mode doesn’t support PMI feedback

· Transmission mode 6

In other cases, RI is reported by the UE, even the signalled MIMO capability of the UE is 1 MIMO layer. 
For example, when TM9 is configured with the number of CSI-RS ports 8 and the PUCCH CSI reporting mode is set with sub-mode 1, UE with MIMO layer capability of 1 layer should report the RI together with i1. TS 36.212 specifies the procedure how the RI and i1 bit width is determined [2]. More specifically, the parameter ‘Max layers’ is first derived by the UE according to Section 5.2.6 of TS 36.212, where configuration for maxLayersMIMO-r10 for the DL cell, UE category, number of CRS / CSI-RS ports and MIMO capability of the UE are considered. Once the value of ’Max layers’ is determined the bit width of the RI and i1 report is determined according to Section 5.2.3.3. The example of mapping ‘Max layers’ to the bit width of the RI and i1 report is provided below.
	Table 5.2.3.3.1-3A: UCI fields for joint report of RI and i1 (transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports except with alternativeCodeBookEnabledFor4TX-r12 =TRUE and transmission mode 10 configured with PMI/RI reporting with 2/4/8 antenna ports except with alternativeCodeBookEnabledFor4TX-r12 =TRUE)
Field

Bit width

2 antenna ports

4 antenna ports

8 antenna ports

Max 2 layers

Max 4 layers

Max 2 layers

Max 4 layers

Max 8 layers

Rank indication

1

1

2

4

5

5

i1

-

-

-




It can be seen that the bit width for the RI and i1 report is only defined when the value of the ‘Max layers’ parameter is 2, 4 or 8. For the ‘Max layers’ of 1, the bit width of the RI and i1 report is not defined.
UE Category 1

UE category 1 is defined in Rel-8 and supports MIMO capability of 1 MIMO layer. 
	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



The UE category 1 is signalled to the network using Rel-8 ue-Category (without suffix). If the RI and i1 is reported by such UE, the following conditions defined in Section 5.2.6 of TS 36.212 may be applied to determine ‘Max layers’:
	…

If the UE is configured with transmission mode 9, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum number of layers is determined according to the minimum of the configured number of CSI-RS ports and ue-Category (without suffix).
…

If the UE is configured with transmission mode 10, and the supportedMIMO-CapabilityDL-r10 field is not included in the UE-EUTRA-Capability, the maximum number of layers for each CSI process is determined according to the minimum of the configured number of CSI-RS ports for that CSI process and ue-Category (without suffix).


Regardless of the condition selected by the UE, the ’Max layers’ will be determined by the MIMO capability of the UE signalled in the ue-Category (without suffix) and would be equal to 1 in all cases. However, as discussed above, the RI and i1 bit width value is not defined for the value of the ‘Max layers’ of 1 and the RI and i1 reporting procedure for UE Cat. 1 becomes ambiguous. 
UE DL Category 0

UE DL Cat. 0 is defined in Rel-12 and also supports MIMO capability of 1 MIMO layer. 
	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



The DL UE Cat. 0 is signalled to the network using Rel-12 ue-CategoryDL-r12. If the RI is reported, in the procedure defined in Section 5.2.6 of TS 36.212 non of the conditions are applicable to the UE of DL Cat 1, due to signalling of the ue-CategoryDL-r12 (with suffix). In this case the ‘Max Layers’ value for RI bit width determination becomes undefined and, similar to UE Cat. 1 case, the RI and i1 reporting procedure becomes ambiguous for UE DL Cat. 0. 
Considering the discussion above the following proposal can be made: 
Proposal

· RAN1 to discuss whether ambiguity wrt to RI and i1 reporting exists in the RAN1 specifications for the UE categories with MIMO capability of 1 MIMO layer (i.e. UE Cat. 1 and UE DL Cat. 0) and TMs 9 and TM10
· If such ambiguity is confirmed, RAN1 to agree on the possible solution for this issue and prepare CRs to the specifications in RAN1#84.
3 Summary

In this contribution we discuss the possible issue of the RI reporting for UE categories with MIMO capability of 1 MIMO layer (UE Cat. 0 and UE DL Cat. 1). Based on the discussion the following proposal was made:
Proposal

· RAN1 to discuss whether ambiguity wrt to RI and i1 reporting exists in the RAN1 specifications for the UE categories with MIMO capability of 1 MIMO layer (i.e. UE Cat. 1 and UE DL Cat. 0) and TMs 9 and TM10

· If such ambiguity is confirmed, RAN1 to agree on the possible solution for this issue and prepare CRs to the specifications in RAN1#84.
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