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Discussion  and decision
1 Introduction

At the last RAN2 meeting it was discussed whether current mechanism to determine RI bit-width is correct [1]. As a consequence of the discussion, RAN2 decided to send LS to RAN1 in [2].

In this paper, we discuss the issue and propose a solution without ASN.1 impact.

2 Discussion
In 36.212 sub-clause 5.2.2.6, RI bit width is defined as a function of “maximum number of layers according to the UE category”
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.
The intention is to link RI bit width with the UE MIMO capability, which is logical. One thing that is not considered is that there could be multiple of UE MIMO capabilities in RAN2 signalling perspective. More specifically, UE can signal 3 relevant parameters, each of which is linked with MIMO capability.
· ue-Category which indicates UE category between 1 ~ 5
· ue-Category-v1020 which indicates UE category between 6 ~ 8

· supportedMIMO-CapabilityDL-r10 which indicates the maximum number of layers for a specific band combinations
Pre-release 10 UE reports only ue-Category while release 10 and later UE report all three parameters.

Since some UEs signal two ue-Categories, it can be said that current mechanism does not work well from Release 10.

· Release 8/9 eNB receives ue-Category, ue-Category-v1020 and supportedMIMO-CapabilityDL-r10. It only understands ue-Category, so it will set RI bit-width based on ue-Category.

· Release 10 UE reports all three parameters. It is not clear whether ue-Category or ue-Category-v1020 to be taken into account.
Given that correction is required, it is better to do it more correctly. Since true MIMO capability for a given band combination is reflected by supportedMIMO-CapabilityDL-r10 of the band combination, technically sensible approach is to base RI bit width on it. 
Proposal 1: To determine RI bit width based on supportedMIMO-CapabilityDL-r10
Conventionally, the release of eNB has been hidden from UE. It can change, very unlikely though, in the future, but UE does not know the release of eNB at least until release 11.
Some eNBs (e.g. release 8/9 UEs) consider ue-Category; Other eNBs consider supportedMIMO-CapabilityDL-r10. A rule is required to make both eNB and UE using a same parameter. A straightforward way would be to introduce explicit indicator in RRC. It is impacting ASN.1 of already frozen release which should be avoided and could even be impossible for release 10.
An alternative would be to rely on the configurations which gives good clue at least when it is Release-10 or later eNB. There are two such configurations; transmission mode and carrier aggregation. If transmission mode is TM 9, TM 10 or carrier aggregation is configured, it is clear that eNB is post-Release 10 eNB with the ability of understanding supportedMIMO-CapabilityDL-r10. 

One can wonder about the usefulness of taking carrier aggregation into picture. It wouldn’t be a rare case that the MIMO capabilities when CA is configured and not configured are different due to the fact that hardware resource is split between the serving cells when CA is configured. Hence if we refer to ue-Category when UE is configured with CA, the RI bit width could be longer than needed. 
Proposal 2: To determine RI bit width based on supportedMIMO-CapabilityDL-r10 if TM 9 or TM 10 is configured.

Proposal 3: To determine RI bit width based on supportedMIMO-CapabilityDL-r10 if carrier aggregation is configured.
3 Conclusion
It is proposed to correct the current mechanism of determining RI bit-width in a manner without ASN.1 change. A CR is presented in [3]. Changed text is shown below for the convenience.
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 the followings;
· supportedMIMO-CapabilityDL-r10 of the serving cell if transmission mode 9 or transmission mode 10 is configured for this cell; or
· supportedMIMO-CapabilityDL-r10 of the serving cell if more than one serving cell is configured; or
· ue-Category otherwise.
· If RI feedback consists of 1-bit of information, i.e., 
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, it is first encoded according to Table 5.2.2.6-3. The 
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 to RI mapping is given by Table 5.2.2.6-5.
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