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1 Introduction

Several parameter values remain to be determined, including:

a) Maximum number of PUSCH PRBs for A-CSI-only transmission when the ‘CSI request’ field is 3 bits and triggers A-CSI reports for more than one CSI processes or for more than one serving cells.
b) Whether a new [image: image1.wmf]ACK
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 value needs to be defined in case a UE transmits more than 22 HARQ-ACK bits on a PUSCH.
c) Maximum number of HARQ-ACK information bits.
d) Values for the configured code rate.

e) Number of PRBs for PUCCH Format 4. 

This contribution considers the determination for the values of the above parameters and other related issues. A CR is provided in [1].
2 Remaining eCA Parameter Values
2.1 Maximum Number of PUSCH PRBs for A-CSI-only Transmission
In Rel-10, the maximum number of PRBs for A-CSI-only PUSCH transmission scales linearly with the maximum possible number of configured DL cells, that is from 4 PRBs in case of 1 DL cell (Rel-8) to 20 PRBs in case of 5 DL cells. Applying the same principle to eCA implies that there is no restriction to the maximum number of PRBs. In fact, the maximum number of PRBs (100 PRBs – even without considering existence of PUCCH) is smaller than 32 (maximum number of configured DL cells) x 4 (maximum number of PRBs for a single DL cell) = 128.
Although QAM16 could be considered to reduce the required number of REs for an A-CSI payload in an A-CSI-only PUSCH (QAM16 is already applicable for A-CSI multiplexing with data in PUSCH), this is not a general solution and can only be an optimization for the case that a UE with high SINR transmits A-CSI without data. 

The worst case scenario occurs when the UE needs 2 symbols/slot to multiplex HARQ-ACK, 2 symbols/slot to multiplex RI, and transmits PUSCH in a subframe configured for SRS transmission with overlapping bandwidth. Then, there are 
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 symbols for A-CSI transmission in a subframe. For CSI feedback with mode 3-1 and PDSCH TM supporting 2 data TBs, an A-CSI report per DL cell requires 4 bits for WB-CQI, 4 bits for PMI, and 2 bits for SB-CQI for each of the 13 SBs at 20 MHz and for each of the 2 TBs for a total of 
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 bits. The A-CSI report per DL cell can be as large as 
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 bits for TM10 with 8 TX, rank 2 and SB-CQI/PMI, further somewhat increases to 
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 bits for Rel-13 FD-MIMO, and may further increase in next releases. For 
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 DL cells and CRC of 
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 bits, the total A-CSI payload is 
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 bits. The code rate for the A-CSI transmission is 
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 DL cells and the Rel-10 maximum of 
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 bits. 
Therefore, keeping the same maximum for the 
[image: image16.wmf]PRB

N

 value as in Rel-10 with a maximum of 
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 DL cells does not suffice for eCA in Rel-13 with a maximum of 
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 DL cells and a restriction on the maximum 
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 value can be removed. The penalty is that, when the ‘CSI request’ field has 3 bits and the UE is triggered A-CSI, the last RV (RV=1) that already cannot be used for PUSCH retransmission when 
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 can also not be used when 
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. This penalty is negligible in practice.  
Proposal 1: Update sections 8.6.1 and 8.6.2 of [2] as follows by removing ‘and 
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if DCI format 0 is used and [image: image23.wmf]29
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 or, if DCI format 4 is used and only 1 TB is enabled and [image: image24.wmf]29
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 for the enabled TB and the number of transmission layers is 1, and if
-
the "CSI request" bit field is 3 bits and is triggering an aperiodic CSI report for more than one CSI process according to Table 7.2.1-1D or Table 7.2.1-1E and 
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then there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH reporting mode is transmitted by the UE.
[...]

2.2 Need for Additional (Smaller) [image: image26.wmf]ACK
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 Values
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 values are used in eCA to reflect the existence of different coding gains depending on the dynamically determined HARQ-ACK payload. The use of different [image: image28.wmf]ACK
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 values, depending on the semi-statically determined HARQ-ACK payload, was considered in Rel-10 and an additional semi-static 
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 value was introduced to accommodate up to 3 dB gains for RM coding over the repetition coding that was used for determining the [image: image30.wmf]ACK
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 values in Rel-8 [3]. Even though the gains of RM coding over repetition coding can be up to 5-6 dB [3] and TBCC provides additional gains of 0.5-1.0 dB for applicable HARQ-ACK payloads, introducing [image: image31.wmf]ACK
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 values smaller than 1 would mean that the HARQ-ACK target BLER is smaller than the data target BLER and such case may not need to be supported in practice. 
Proposal 2: There is no need to introduce new [image: image32.wmf]ACK
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 values.
2.3 Maximum Number of HARQ-ACK Information Bits
For PUCCH Format 4, a UE can be configured four possible resources where each resource corresponds to a number of PRBs represented by 3 bits. It is assumed that the 3 bits are mapped to PRB values between 1 PRB and 8 PRBs. 
A maximum HARQ-ACK payload occurs when the UE is configured with a TDD PCell, 31 FDD SCells, a PDSCH TM supporting 2 data TBs and UL/DL configuration 5 on the TDD PCell. Then, the maximum HARQ-ACK payload is 2 x 9 + 2 x 10 x 31 = 638 bits. Although this is a most extreme and highly unlikely case, it can be accommodated even without spatial domain bundling and even with SRS multiplexing as the code rate for a PUCCH Format 4 transmission over 8 PRBs is (638+8)/(2x12x8x11) = 0.306. In practice, considering the likelihood that an eNB for a TDD system has more than 2 Rx antennas, the above maximum payload can be accommodated even with a number of PRB pairs smaller than 8, such as 4 PRB pairs. In case spatial domain bundling is configured, P-CSI transmission can also be accommodated for up to a maximum number of 32 DL cells even with the maximum P-CSI payload of 11 bits (SR can be trivially accommodated). Therefore, there is no need to define a maximum HARQ-ACK payload that can be supported with PUCCH Format 4 as this can be under the control of the eNB scheduler and can depend on the eNB implementation.  
For PUCCH Format 5, the capability to support large HARQ-ACK payloads, even without SR/P-CSI/SRS multiplexing, is limited. For example, without SR/P-CSI multiplexing and with SRS multiplexing, 64 HARQ-ACK bits can be supported with a code rate of (64+8)/(11x12) = 0.55. Nevertheless, even for PUCCH Format 5, a maximum supportable HARQ-ACK payload does not need to be defined for similar reasons as for PUCCH Format 4. 
Proposal 3: There is no need to introduce maximum supportable HARQ-ACK information payloads for PUCCH Format 4 or PUCCH Format 5. 
For both PUCCH Format 4 and PUCCH Format 5, a consideration is whether a maximum code rate, similar to the one defined for P-CSI multiplexing or for P-CSI and HARQ-ACK multiplexing, needs to apply to HARQ-ACK only transmission (the maximum code rate can be same as for P-CSI and HARQ-ACK multiplexing or it can be specified). If a maximum code rate is also defined for HARQ-ACK only transmission, the UE may either drop the HARQ-ACK transmission, when the transmission code rate exceeds the defined code rate, or drop last HARQ-ACK information bits in order to achieve a transmission code rate that is smaller than or equal to the defined code rate. Given that this is not an essential correction and that the eNB scheduler can control the transmission code rate for HARQ-ACK payload, use of a maximum code rate for HARQ-ACK transmission may not be considered. 
Similar, it can be left up to the eNB scheduler to control the transmission code rate for HARQ-ACK transmission in the PUSCH that can be more challenging HARQ-ACK transmission in the PUCCH, particularly relative to PUCCH Format 4, due to the smaller amount of available REs for HARQ-ACK multiplexing. However, in case of multiple PUSCH transmissions in the same subframe, instead of an arbitrary selection of the PUSCH to multiplex HARQ-ACK according to the cell index, the PUSCH resulting to the smaller number of REs for HARQ-ACK multiplexing can be selected to convey the HARQ-ACK information in order to reduce the probability that the HARQ-ACK target BLER cannot be achieved.     
Proposal 4: For HARQ-ACK transmission in the PUSCH and for multiple PUSCH transmissions in a subframe, HARQ-ACK is transmitted in the PUSCH resulting to the smallest number of REs for HARQ-ACK multiplexing.

2.4 Configured Code Rate Values
The maximumPayloadCoderate-r13 parameter provided by higher layers, and defining the maximum code rate for transmissions of P-CSI reports or for transmission of HARQ-ACK and P-CSI reports, is represented by 3 bits that need to be mapped to 8 values. This granularity is probably larger than the one needed in practice and fine optimization is practically unnecessary. 

Considering PUCCH Format 4 and transmission of the minimum HARQ-ACK payload of 23 bits with a CRC of 8 bits and SRS multiplexing over 1 PRB, the resulting code rate is (23+8)/(2*11x12) = 0.117. Therefore, for HARQ-ACK and P-CSI multiplexing or for P-CSI multiplexing, the smallest value of maximumPayloadCoderate-r13 can be 0.1. This enables operation with 1% BLER at approximately -1 dB SINR and lower SINRs (for interference limited UEs) can be supported by power boosting or by assigning more PRB pairs. For example, as for code rates below 0.3 further reductions effectively correspond to repetitions, the minimum HARQ-ACK payload of 23 bits with a CRC of 8 bits and SRS multiplexing over 2 PRBs can provide a code rate of 0.05 and support UEs experiencing SINR of -4 dB. 

For larger HARQ-ACK payloads, the increase in the required SINR is approximately linear with the HARQ-ACK payload and, for simplicity, the remaining 7 values for maximumPayloadCoderate-r13 can be derived by successive increments by 0.1 of the smallest value and be capped at 0.8. A maximum code rate larger than 0.8 is practically unnecessary for UCI transmission as the target BLER is typically smaller for UCI than for data and there are no HARQ retransmissions. A reserved value can also be considered. 
Proposal 5: The maximumPayloadCoderate-r13 parameter values are 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.8, and reserved.

2.5 Number of PRBs for PUCCH Format 4
The numberOfPRB-format4-r13 parameter provided by higher layers, and defining the number of PRBs for PUCCH Format 4 transmission, is represented by 3 bits that need to be mapped to 8 values. For a maximum HARQ-ACK payload of 638 bits, and further considering SRS multiplexing, SR, and a maximum P-CSI payload of 11x32=352 bits, a code rate of 0.1 is achieved for PUCCH Format 4 transmission over 38 PRBs as (638+1+352+8)/(2*11*38*12) ~= 0.1. With spatial domain bundling, a code rate of 0.1 is achieved for transmission over 18 PRBs while for a maximum of HARQ-ACK payload of bits, a code rate of 0.1 is achieved for transmission over 19 PRBs.

Even though a value of 38/26/19 PRBs can be considered excessive, having a granularity of 1 PRB up to 8 PRBs is also unnecessary as the percentage of increase diminishes for the larger PRB values. It can be beneficial to account for implementation margins of a few dB and support transmission of relatively large UCI payloads by enabling very low transmission code rates. Possible values for the numberOfPRB-format4-r13 parameter can be 1, 2, 3, 4, 6, 8, 12, 16. A reserved value can also be considered instead of 16 PRBs.
Proposal 6: The numberOfPRB-format4-r13 parameter values are 1, 2, 3, 4, 6, 8, 12, and reserved.

3 Conclusions

This contribution considered the determination of the 
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 values for PUCCH Format 4 and for PUCCH Format 5 and proposes the following.
Proposal 1: Update sections 8.6.1 and 8.6.2 of [2] as follows by removing ‘and 
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 for the enabled TB and the number of transmission layers is 1, and if
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the "CSI request" bit field is 3 bits and is triggering an aperiodic CSI report for more than one CSI process according to Table 7.2.1-1D or Table 7.2.1-1E and 
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then there is no transport block for the UL-SCH and only the control information feedback for the current PUSCH reporting mode is transmitted by the UE.
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Proposal 2: There is no need to introduce new [image: image38.wmf]ACK
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Proposal 3: There is no need to introduce maximum supportable HARQ-ACK information payloads for PUCCH Format 4 or PUCCH Format 5. 

Proposal 4: For HARQ-ACK transmission in the PUSCH and for multiple PUSCH transmissions in a subframe, HARQ-ACK is transmitted in the PUSCH resulting to the smallest number of REs for HARQ-ACK multiplexing.

Proposal 5: The maximumPayloadCoderate-r13 parameter values are 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, and 0.8.

Proposal 6: The numberOfPRB-format4-r13 parameter values are 1, 2, 3, 4, 6, 8, 12, and 16.
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