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1 Introduction

One remaining issue identified in the drafting of TS 36.212 was when to apply the updated UCI resource allocation formulas for RI and HARQ-ACK, while preserving backwards compatibility with legacy systems.
There are two components of the new UCI resource allocation formula, firstly the extension to two uplink codewords (transport blocks), and secondly an enforced minimum allocation to ensure that the UCI coderate/spectral efficiency remains decodable.

The first part, the extension to two data codewords, remains backwards compatible to legacy systems considering that is only applied in UL spatial multiplexing allocations. The second component, the minimum allocation, is however also applicable for single codeword transmissions and it is therefore necessary to consider when it should be applied, as not to break backwards compatibility.
2 Application of Qmin in UCI resource allocation formula

The new resource allocation formula, and the minimum UCI allocation in particular, has been agreed in the context of uplink SU-MIMO. It is therefore clear that the minimum allocation should be applied for terminals configured for transmission with uplink closed-loop spatial multiplexing, regardless of the number of codewords that are allocated for a particular uplink transmission. In other words, terminals configured in uplink transmission mode 2 and DCI format 4, should apply the minimum allocation in line with current agreements. 

Observation:

· A minimum UCI resource allocation, Qmin, should according to current agreements be applied when the UE is configured in uplink transmission mode 2 and DCI format 4, regardless of the number of scheduled layers.
Proposal:

· The minimum UCI resource allocation, Qmin, is applied when the UE is configured in uplink transmission mode 2 and DCI format 4

· TS 36.212 is updated according to the text proposal in Section 4
Note, that uplink transmission mode 1 is the default transmission mode for UEs in legacy systems, and hence there will not be any backwards compatibility concerns with this solution. 

It could however be noted that the single codeword beta offset factor is currently shared between DCI format 4 and 0 in transmission mode 2. Hence, it could be argued that there is a coupling between the UCI allocation formulas in DCI format 0 and 4, which may enforce a system that dynamically switches between the two DCI formats to configure a pessimistic (in DCI format 4) single codeword beta offset factor not accounting for the application of Qmin in DCI format 4. It should be noted that the current agreement is in no way broken by this coupling, but there is some room for improvement. 
There are multiple ways to resolve this problem: We could introduce separately configurable single codeword beta offset factors for DCI format 0 and 4, and thereby break the coupling. Another option is to extend the current agreement on the application of Qmin to also apply to transmission mode 2 with DCI format 0, but this has the disadvantage that the behavior of DCI format 0 will be different in transmission mode 1 and 2, which also may involve unwanted transition problems when switching between the two transmission modes. Of these options, we preferred the former solution.
Proposal:

· Let the single codeword beta offset parameter be separately configurable for DCI format 0 and 4

3 Conclusion

Herein we discuss the agreement on the application of Qmin in the UCI resource allocation formulas and discuss potential issues with backwards compatibility. 

Observation:

· A minimum UCI resource allocation, Qmin, should according to current agreements be applied when the UE is configured in uplink transmission mode 2 and DCI format 4, regardless of the number of scheduled layers.

Proposal:

· The minimum UCI resource allocation, Qmin, is applied when the UE is configured in uplink transmission mode 2 and DCI format 4

· TS 36.212 is updated according to the text proposal in Section 4
· Let the single codeword beta offset parameter be separately configurable for DCI format 0 and 4
4 Text Proposal for TS 36.212
------------------------- Beginning of Text Proposal ---------------------------------------------

5.2.2.6 
Channel coding of control information

Control data arrives at the coding unit in the form of channel quality information (CQI and/or PMI), HARQ-ACK and rank indication. Different coding rates for the control information are achieved by allocating different number of coded symbols for its transmission. When control data are transmitted in the PUSCH, the channel coding for HARQ-ACK, rank indication and channel quality information 
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 is done independently. 

For TDD, two HARQ-ACK feedback modes are supported by higher layer configuration.

· HARQ-ACK bundling, and 

· HARQ-ACK multiplexing 

For TDD HARQ-ACK bundling, HARQ-ACK consists of one or two bits information.  For TDD HARQ-ACK multiplexing, HARQ-ACK consists of between one and four bits of information and the number of bits is determined as described in section 7.3 of [3].

When the UE transmits HARQ-ACK bits or rank indicator bits for a single cell, it shall determine the number of coded modulation symbols per layer 
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 for HARQ-ACK or rank indicator as follows:
If the UE is configured in uplink transmission mode 2 and DCI format 4,
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For the case when only one transport block is transmitted in an UL cell: 
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where 
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 is the number of HARQ-ACK bits or rank indicator bits, 
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 is the scheduled bandwidth for PUSCH transmission in the current sub-frame for the transport block, expressed as a number of subcarriers in [2], and 
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is the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the sametransport block, respectively, given by 
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 is equal to 1 if UE is configured to send PUSCH and SRS in the same subframe for initial transmission or if the PUSCH resource allocation for initial transmission even partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section 5.5.3 of [2]. Otherwise 
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 is equal to 0. 
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 are obtained from the initial PDCCH for the same transport block. If there is no initial PDCCH with DCI format 0 for the same transport block, 
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 shall be determined from:

· the most recent semi-persistent scheduling assignment PDCCH, when the initial PUSCH for the same transport block is semi-persistently scheduled, or, 

· the random access response grant for the same transport block, when the PUSCH is initiated by the random access response grant.

For the case when two transport blocks are transmitted in an UL cell:
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 is the modulation order of transport block “x”,
and
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where 
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 is the number of HARQ-ACK bits or rank indicator bits, 
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 are the scheduled bandwidths for PUSCH transmission in the initial sub-frame for the first and second  transport block, respectively, expressed as a number of subcarriers in [2], and 
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are the number of SC-FDMA symbols per subframe for initial PUSCH transmission for the first and second transport block, respectively, given by 
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 is equal to 1 if UE is configured to send PUSCH and SRS in the same subframe for initial transmission of transport block “x” or if the PUSCH resource allocation for initial transmission of transport bock “x” even partially overlaps with the cell-specific SRS subframe and bandwidth configuration defined in section 5.5.3 of [2]. Otherwise 
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 are obtained from the initial PDCCH for the corresponding transport block. If there is no initial PDCCH with DCI format 0 or 4 for the same transport block, 
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 shall be determined from:

· the 
most recent semi-persistent scheduling assignment PDCCH, when the initial PUSCH for the same transport block is semi-persistently scheduled, or, 

· the random access response grant for the same transport block, when the PUSCH is initiated by the random access response grant.

-------------------------------- End of Text Proposal ------------------------------------------------
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