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Introduction
In an LS [1], RAN2 raised three issues pertaining to RI bitwidth determination.  The first two issues are raised to clarify that RI bitwidth should be determined based on capability signaling indicating the maximum number of MIMO layers per band per band combination.  The current versions of TS36.212 and TS36.213 [2,3] state that the RI bitwidth is determined in part based on the UE category, which may lead to confusion. 

The third issue addresses potential ambiguity that occurs when the UE signals multiple capabilities for different non-contiguous intra-band band combinations.  While we share the view the such ambiguity may occur in some cases, we propose not to restrict the UE’s ability to perform such signaling (as proposed in [1]).  Instead, simple tie-breaking rules should be considered to address the ambiguous corner cases. 

The issues raised in [1] are copied below for reference: 

Issue 1: RAN2 realized that if RI bit width is only calculated based on maximum number of layers derived from UE category, the functionality that the TM9 UE can indicate more layers than the one derived from category will be useless. 

Issue 2:  For backward compatibility, RAN2 agreed that a UE indicating category 6 or 7 shall also indicate category 4. The maximum MIMO layer for category 4 is 2 layers. But if the cat 6 or 7 UE is a non-CA UE, it shall support 4 layers in at least one band. Furthermore, 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”.  The issue is which max MIMO layers shall be used for the UE to calculate RI bit? Mismatch may happen for the case that the UE (Cat.6-7 or TM9) accesses an eNB not supporting Rel-10 signalling.

Issue 3: For a non-contiguous intra-band band combination, the same band will be present multiple times. From the perspective of ASN.1 signalling structure, it is possible that the max MIMO layers are set different for each presence of the band. For instance, the UE supports band combination (2A, 2A) and (2A, 2C). The corresponding MIMO capability for DL may be (2A-2 layers, 2A-4 layers) and (2A-2 layers, 2C-4 layers). The problem if we allow such combination is that how the eNB knows which carrier should use higher MIMO layers? Therefore RAN2 agreed that: “RAN2 assumption: The UE shall not indicate different MIMO capability for the same band in a non-contiguous intra-band band combination.”
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Addressing Issues 1 and 2 
In our understanding, the determination of the RI bitwidth by the UE should be based on the maximum number of MIMO layers indicated by UE capability signaling, whenever such signaling is provided by the field supportedBandCombination-r10.  When such signaling is not provided, e.g., for legacy UEs, the RI bitwidth determination should be based on the UE category instead. 
The above behavior may simply be clarified in RAN1 specification by adding a direct reference to the field supportedBandCombination-r10.  Appendices A.1 and A.2 provide text proposals for amending TS36.212 and TS36.213, respectively. 
It is worthwhile to note that this issue solely affects RI bitwidth determination for CSI feedback.  There is no ambiguity in signaling RI/PMI in the DCI for demodulation, as the corresponding field is based solely on the number of CRS antenna ports (cf. Table 5.3.3.1.5-3 in [2]). 

Proposal 1: 

· Clarify in 36.212 and 36.213 that the RI bitwidth is determined based on the eNodeB antenna configuration and UE capability, when applicable. 
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Addressing Issue 3

The third issue, relates to the fact that the same band may be present multiple times in different band combinations.  In fact, the exact same band combination may be present multiple times, which is useful for the UE to indicate that it supports a larger number of MIMO layers on either of two bands but not both.  For example, the UE may indicate: 

	· SupportedBandCombination_1:  2A with 4 layer MIMO + 2B with 2 layer MIMO 

· SupportedBandCombination_2:  2A with 2 layer MIMO + 2B with 4 layer MIMO 
	(Ex-1)


which informs the eNB that the UE supports 4 MIMO layers on either one of CA Bandwidth Class A or CA Bandwidth Class B, but not on both.  
According to RAN2’s assumption [1], the above signaling would be disallowed because it requires that the MIMO capability for a given band is the same across all non-contiguous intra-band band combinations.  In our view the RAN2 assumption should therefore be revisited as it removes support in some scenarios of practical interest. In fact, if the RAN2 assumption was confirmed, it would downgrade the UE’s functionality in some cases, an outcome that is clearly not desirable. 

For illustration, consider the case of intra-band non-contiguous carrier aggregation, which was explicitly mentioned in the RAN2 LS [1].  With reference to Figure 1, let us assume that a UE supports a total of 6 baseband processing chains (A/D, DVGA, FFT, etc.) and is configured with three component carriers (CCs).  In this case, the UE should be able to indicate, using the signaling of (Ex-1), that it supports 4-layer MIMO on one CC and 2-layer MIMO on the other two CCs.  However, if the RAN2 assumption [1] was confirmed, this would not be possible; the UE would be forced to indicate 2 layer MIMO for both CC groups in the non-contiguous intra-band band combination.  This is clearly undesirable as the remaining two baseband chains could not be utilized. 
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Figure 1: Example configurations of allocating 6 baseband processing chains.
Proposal 2: 

· Revert the RAN2 assumption as it disallows important use cases of the UE capability signaling (cf. Figure 1). 

The RAN2 assumption is too restrictive in its attempt to remove ambiguity and hurts practical use cases, as discussed above.  In fact, whether the UE capability signaling of (Ex-1) is ambiguous depends on the eNodeB antenna configurations because the RI bitwidth is determined based on both factors.  

This is illustrated in Figure 2 which shows a signaling timeline.  In a first step, the UE sends UE capability signaling to the eNodeB, in accordance with existing agreements, and the eNodeB determines its corresponding “antenna configuration” on the respective bands.  Note that since this signaling is only relevant to TM9 and above (otherwise the RI bit width is determined based on the UE category), the eNodeB antenna configuration effectively corresponds to the NZP CSI-RS configuration on the associated CCs.  Upon receipt of the eNodeB configuration by the UE, the UE determines the RI bitwidth on each CC by considering both the number of CSI-RS antenna ports and the transmitted UE capability signaling.  In some cases, the eNodeB configuration will have resolved the ambiguity.  For instance, with reference to (Ex-1), if the eNodeB configures a CC on 2A with 4 CSI-RS ports and  two CCs on 2B with 2 CSI-RS ports, then it is clear that the bitwidth should be 2bits on 2A and 1bit on 2B. 
Ambiguity may still remain, even after eNodeB configuration.  In our view, this ambiguity could be resolved in a number of ways.  We are open to different solutions, as long as the use case of Figure 1 can be supported.  For example, the ambiguity may be resolved by taking the largest possible RI bitwidth among the ambiguous scenarios.  Aside from a small increase in uplink reporting payload, taking the larger bitwidth should not negatively affect system operation.  The UE would still use RI/PMI/CQI reporting in line with the maximum number of MIMO layers it supports and the network would therefore be implicitly informed of the maximum number of MIMO layer that the UE supports.  For example, if the UE supported at most 2 MIMO layers on a given CC, it may still report RI with a bitwidth of 2.  As long as the actual RI value does not exceed the maximum number of supported MIMO layers, the network should not schedule an RI that exceeds the UE’s capability.  

Proposal 3: 

· If RI bitwidth remains ambiguous after eNodeB configuration, discuss options on how to address it, e.g., by selecting the largest possible bitwidth. 
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Figure 2: Signaling timeline.
3
Conclusion

In conclusion, we make the following proposals: 

Addressing Issues 1 and 2

· Clarify in 36.212 and 36.213 that the RI bitwidth is determined based on the eNodeB antenna configuration and UE capability, when applicable. 

Addressing Issue 3

· Revert the RAN2 assumption as it disallows important use cases of the UE capability signaling (cf. Figure 1). 

· If RI bitwidth remains ambiguous after eNodeB configuration, discuss options on how to address it, e.g., by selecting the largest possible bitwidth. 
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Appendix

A.1
Proposed changes to TS36.212
5.2.2.6 
Channel coding of control information

[unchanged parts omitted]
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 the UE’s maximum number of supported layers.  If the higher-layer parameter supportedBandCombination-r10 is not included or if the UE is not configured in transmission modes 9 or 10, the UE’s maximum number of supported layers is determined based on the UE category.  Otherwise, the UE’s maximum number of supported layers is determined according to the higher-layer parameter supportedBandCombination-r10. 
· If RI feedback consists of 1-bit of information, i.e., 
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· If RI feedback consists of 2-bits of information, i.e., 
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[unchanged parts omitted]
A.2
Proposed changes to TS36.213
7.2
UE procedure for reporting Channel State Information (CSI)

[unchanged parts omitted]
When reporting RI the UE reports a single instance of the number of useful transmission layers. For each RI reporting interval when the UE is configured in transmission modes 4 or when the UE is configured in transmission mode 8, 9 or 10 with PMI/RI reporting, a UE shall determine a RI from the supported set of RI values for the corresponding eNodeB antenna configuration and the UE’s maximum number of supported layers and report the number in each RI report. For each RI reporting interval when the UE is configured in transmission mode 3, a UE shall determine RI for the corresponding eNodeB antenna configuration and the UE’s maximum number of supported layers in each reporting interval and report the detected number in each RI report to support selection between transmit diversity and large delay CDD.  The UE’s maximum number of supported layers is determined in accordance with Section 5.2.2.6 in [4]. 
[unchanged parts omitted]
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