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1   Introduction
According to RAN1 specification [1], the calculation of RI (Rank Indication) bit width is related to max number of MIMO layers which is supported by UE (called “UE MIMO capability” below), e.g. see Table 5.2.2.6.1-2 in [1]:

Table 5.2.2.6.1-2: Fields for rank indication feedback for wideband CQI reports
(transmission mode 4, transmission mode 8 configured with PMI/RI reporting, and transmission mode 9 configured with PMI/RI reporting with 2/4/8 antenna ports).

	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
	1
	2
	3


In this contribution, we raise some issues on the calculation of RI bit width and share our opinions.
2   Discussion
2.1   RI bit width issue related to RAN1 specification

In Release 8/9, UE MIMO capability is indicated by UE category, which means that the UE MIMO capability is same for all bands which are supported by the UE. In Release 10, more detailed MIMO capability (“supportedBandCombination-r10”) was introduced and can be indicated per band. Moreover, RAN2 agreed that the UE can support higher MIMO layers for certain bands than the one indicated by category, see as below in [2]:
	4.3.5.2
supportedBandCombination

…
In all non-CA band combinations the UE shall indicate at least the number of layers for spatial multiplexing according to the UE’s Rel-8/9 category (Cat. 1-5). If the UE provides a Rel-10 category (Cat. 6-8) it shall indicate at least the number of layers according to that category for at least one band combination. In all other band combinations a UE indicating a category between 2 and 8 shall indicate support for at least 2 layers for downlink spatial multiplexing for all bands. The indicated number of layers for spatial multiplexing may exceed the number of layers required according to the category indicated by the UE.


However, in RAN1’s specification [1], the RI bit width is described to be only related to UE category, see subclause 5.2.2.6 in [1]:
	For rank indication (RI) (RI only, joint report of RI and i1, and joint report of RI and PTI)

· The corresponding bit widths for RI feedback for PDSCH transmissions are given by Tables 5.2.2.6.1-2, 5.2.2.6.2-3, 5.2.2.6.3-3, 5.2.3.3.1-3, 5.2.3.3.1-3A, 5.2.3.3.2-4, and 5.2.3.3.2-4A, which are determined assuming the maximum number of layers according to the corresponding eNodeB antenna configuration and UE category.


According to RAN1 specification, UE cannot report the higher MIMO layers in RI report than the one indicated by the UE category due to the RI bit width restriction, which obviously conflicts with RAN2 agreement. It is likely that RAN1 does not realize the issue which is caused by the introduction of more detailed MIMO capability. Considering RAN2 is responsible for the signalling of the UE capability and the issue is caused by the change of the UE capability, we think that RAN2 should inform RAN1 about the issue and ask them to update their specification.
Proposal 1:
Send an LS to RAN1 to inform them about the calculation of RI bit width issue and ask them to update the specification.
Following clauses are based on the assumption that Proposal 1 is agreed.
2.2   RI bit width issue related to non-contiguous intra-band band combination
For a non-contiguous intra-band band combination, the same band will be present multiple times. From the perspective of ASN.1 signalling structure in [3], it is possible that the max MIMO layers are set different for each presence of the band e.g. see Figure1 as below: 
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Figure 1 Different MIMO capability for the same band in a band combination
It is unclear whether the case is allowed. If it is not allowed, we think the specification should be modified to capture the restriction. If it is allowed, the issue is how UE/eNB knows which cell should use higher MIMO layers to calculate the RI bit width since all the serving cells have same band. One approach may be that all the cells of the same band always use the highest MIMO layers to calculate the RI bit width. But seems it should be captured in RAN1 specification.
Proposal 2:
Ask RAN2 to discuss whether the above case is allowed, i.e. whether the UE could indicate the different MIMO capability for the same band in a non-contiguous intra-band band combination.
· If it is not allowed, the restriction should be captured in TS 36.306;
· If it is allowed, the calculation of RI bit width should be captured in RAN1 specification as all the cells of the same band always use the highest MIMO layers to calculate the RI bit width.
2.3   RI bit width issue related to Rel-10 UE and Rel-8/9 eNB

As described in clause 2.1, there are two types of UE MIMO capability for Rel-10 UE: one is indicated by UE category, and the other is indicated by the field “supportedBandCombination-r10”.  When a Rel-10 UE accesses to the Rel-10 eNB, both the UE and the eNB should use the MIMO capability indicated by the “supportedBandCombination-r10” to calculate the RI bit width. However, if the Rel-10 UE accesses to the Rel-8/9 eNB, the Rel-10 UE may continue to use MIMO capability indicated by the “supportedBandCombination-r10” to calculate the RI bit width and encode the RI report since the UE does not know the eNB release. But Rel-8/9 eNB will use the MIMO capability indicated by the UE category to calculate the RI bit width and decode the RI report. This may cause the problem that the eNB gets an incorrect RI value if the two types of UE MIMO capability indicate different max MIMO layers, and also impact the decoding of the precoding matrix. 
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Figure 2 Error RI value is decoded.
A possible solution is that the eNB controls which MIMO capability should be used by introducing a new indicator in Rel-10. If UE receives the indicator, the UE uses the MIMO capability indicated by the “supportedBandCombination-r10” to calculate the RI bit width, otherwise uses the MIMO capability indicated by the UE category.
Proposal 3:
Introduce a new indicator in Rel-10 to indicate which MIMO capability should be used to calculate the RI bit width.
3   Conclusion
In this contribution, some issues on RI bit width are raised and discussed. We suggest:
Proposal 1:
Send an LS to RAN1 to inform them about the calculation of RI bit width issue and ask them to update the specification.
Proposal 2:
Ask RAN2 to discuss whether the above case is allowed, i.e. whether the UE could indicate the different MIMO capability for the same band in a non-contiguous intra-band band combination.

· If it is not allowed, the restriction should be captured in TS 36.306;

· If it is allowed, the calculation of RI bit width should be captured in RAN1 specification as all the cells of the same band always use the highest MIMO layers to calculate the RI bit width.
Proposal 3:
Introduce a new indicator in Rel-10 to indicate which MIMO capability should be used to calculate the RI bit width.
If RAN2 agrees the above proposals, we are happy to provide the corresponding LS and CR.

4   Reference

[1] 3GPP TS 36.212 v10.7.0

[2] 3GPP TS 36.306 v10.8.0

[3] 3GPP TS 36.331 v10.7.0
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