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1 Introduction

Requirements for UCI transmission supporting up to 32 DL cells as well as respective payloads and possible mechanisms to limit them as discussed in [1]. 

This contribution considers performance aspects for PUCCH Format 3 (with possible enhancements) and for a PUCCH format having the PUSCH structure. 

2 HARQ-ACK Transmission
Figure 1 shows the UL geometry distributions for various deployments scenarios [2] (the 2D eNB antenna tilt case was optional – 3D was mandatory – UMA can be regarded as the worst case geometry CDF). 
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Figure 1: UL Geometry CDF for Various CA Deployment Scenarios [2]
Figure 2 presents the geometry CDF for small cell scenario 2a (system parameters are provided in the Appendix). 
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Figure 2: CDF for UL SINR for SCE scenario 2a - 4 small cells/cluster (left) and 10 small cells/cluster (right).

The geometry CDFs in Figure 1 and Figure 2 are sufficient to be used as reference for SINR operating points. It is noted that depending on the exact UL PC scheme setting the transmit SNR (TSNR), the geometry can fluctuate relative to the curves in the figures but the fluctuation is typically within ~0.5 dB when multiplexing UEs in a same RB and it effectively introduces a shift without changing the shape of the curve. Therefore, to simplify analysis and avoid calibration aspects, especially since focus can be on the lower values of the geometry CDF, a specific UL PC method does not need to be considered. Further, for PUCCH formats that support multiplexing of N UEs in a same PRB pair, an approximation for the SINR curves can be by a shift to the left of the geometry CDFs by 10log10(N) dB. 

Figure 3 presents the codeword BLER, ACK-to-NACK BER, and NACK-to-ACK BER for 48 HARQ-ACK bits transmitted in one PRB pair with FH using the PUSCH format structure and for the EPA and ETU channels at 10 MHz. QPSK modulation and TBCC with 1/3 rate are assumed. The Tx/Rx antenna configuration is 1x2. It can be observed that target BERs are met even below the 5% of the worst geometry CDFs. This is a consequence of the very low code rate of 48/(2*12*12)=0.167.
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Figure 3: HARQ-ACK BLER/BER for a PUCCH Format with PUSCH Structure for 48 HARQ-ACK Bits
Figure 4 presents the codeword BLER, ACK-to-NACK BER, and NACK-to-ACK BER for 96 HARQ-ACK bits (TDD system) transmitted in one PRB pair with FH using the PUSCH format structure and for the EPA and ETU channels at 10 MHz. QPSK modulation and TBCC with 1/3 rate are assumed. The Tx/Rx antenna configuration is 1x2. The code rate now is 0.33. It can be observed that for scenario 2a and for the ETU channel, target BERs are met even below the 5% CDF point while for the EPA channel target BERs are met at or slightly below the 5% CDF point. Additionally, a much lower BLER/BER is easy to achieve for a non-coverage limited UE as it is subsequently discussed. 
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Figure 4: HARQ-ACK BLER/BER for a PUCCH Format with PUSCH Structure for 96 HARQ-ACK Bits

During discussions in RAN1#80, there was a misconception that the geometries UEs may experience may limit the UCI payloads that can be supported. However, the BLER for a given SINR is a function of the MCS and, for QPSK modulation, a function of the code rate. Decreasing the code by allocating more resources to a non-coverage limited UE can allow for very large UCI payloads to be supported with a desired BER/BLER at very low SINRs. This is also the technical motivation for proposals to increase PUCCH Format 3 allocation from 1 RB to 2 RBs in order to support higher UCI payloads. 
Figure 5 presents the codeword BLER, ACK-to-NACK BER, and NACK-to-ACK BER for 96 HARQ-ACK bits (TDD system) transmitted in two PRB pairs with FH using the PUSCH format structure and for the EPA and ETU channels at 10 MHz. QPSK modulation and TBCC with 1/3 rate are assumed. The Tx/Rx antenna configuration is 1x2 and the code rate is 0.167. It can be observed that the BLER/BER performance is very similar to the one obtained for 48 HARQ-ACK bits transmitted in 1 PRB pair. 
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Figure 5: HARQ-ACK BLER/BER for a PUCCH Format with PUSCH Structure for 96 HARQ-ACK Bits in 2 RBs
Observation 1: Large UCI payloads can always be supported with desired reliability by adjusting code rate. There is no evident need to specify additional bundling (other than spatial-domain bundling) - DL throughput loss, specification and implementation complexity can be avoided. 

One concern about the use of the PUSCH subframe structure has been the overhead. This is unavoidable with the increase in UCI payloads. It is also not an issue for CA enhancements where UEs can be configured a large number of cells. For example, when a UE is connected to a small cell, at most 1 or 2 UEs are scheduled per subframe and using 1-2 RBs to transmit associated UCI is a non-issue particularly since any HARQ-ACK bundling or infrequent CSI feedback can be avoided and associated double-digit DL throughput losses can also be avoided. For a UE connected to a macro cell, 1 RB suffices even for TDD systems with DL-heavy configuration without any additional time-domain or cell-domain bundling. Given that very few UEs will be scheduled per subframe with a large number of DL cells (e.g. 1 UE following the evaluations from SCE in Rel-12), having 1 RB overhead per subframe is trivial (some overhead will anyway be needed regardless of the particular UCI feedback scheme) and corresponds to 1% of resources for 20 MHz. Further, when this RB is not used, it can be allocated to data. This is not the case with PUCCH Format 3 where non-allocated multiplexing capacity cannot be used (in practice, due to the SINR reduction, multiplexing capacity for PUCCH Format 3 can be less than 4 UEs).
Observation 2: Using 1-2 RBs to transmit large UCI payloads when a UE is scheduled PDSCH in a large number of DL cells has a negligible impact on UL throughput and can avoid significant losses in DL throughput. 

By adjusting resources according to the UCI payload, a unified single scalable container (PUSCH) is obtained and can be used to accommodate any HARQ-ACK payload, or P-CSI payload [3], or a combination of HARQ-ACK and P-CSI payloads. Moreover, existing transmitter hardware at the UE can be largely re-used and same multiplexing rules can largely apply regardless of whether the transmission uses the PUSCH subframe structure in a PUCCH or the PUSCH subframe structure is a PUSCH.

Observation 3: The PUSCH subframe structure provides a unified scalable solution to address combinations of UCI payloads and allows for configuration flexibility in UCI reporting.
Finally, Figure 6 presents the PUCCH Format 3 BLER for 22 HARQ-ACK bits payload. Due to the high code rate (22/48=0.458) and the fact that full frequency diversity for all coded symbols is not achieved, the target BER is not achieved for the 5% geometry CDF even when a single UE is multiplexed in a RB. If N>1 UEs are multiplexed in a PRB pair, the SINR is degraded by approximately 10log10(N) dB and target BERs are unlikely to be met even for a small value of N. For example, multiplexing N=4 UEs per PRB pair effectively adds 5-6 more dB to the required SINR (or, alternatively, the geometry CDF is shifted to the left by 5-6 dB) and ~30+% of UEs cannot be served either for the CA deployment scenarios (Figure 1) or for the SCE deployment scenarios (Figure 2). 
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Doubling the number of PRB pairs allocated to PUCCH Format 3 (2 RBs) is expected to have same results as halving the payload and maintaining transmission in 1 PRB pair – i.e. BER for an (32, O) RM code is roughly similar as BER for an (64, 2O) RM code. Therefore, the same SINR limitations apply for supporting 44 HARQ-ACK bits over 2 PRB pairs as for 22 HARQ-ACK bits over 1 PRB pair. Additionally, there is no scalability in multiplexing CSI and frequency diversity is not fully exploited as not all coded symbols are transmitted in both PRBs of a PRB pair. 
Observation 4: Relying on a modification of PUCCH format 3 to support large UCI payloads can introduce limitations in supportable UEs and UCI payloads, restricts HARQ-ACK and P-CSI multiplexing, restricts configurations of DL cells to a UE, and does not offer scalability.  

Based on the above analysis and evaluations, the following is proposed.
Proposal: A new PUCCH format having the PUSCH structure can be configured to a UE to transmit UCI. 

3 Conclusions

This contribution considered the performance of alternatives to support the increased UCI (HARQ-ACK) payloads that can occur for a UE configured with a large number of DL cells. In particular, the following are observed.
Observation 1: Large UCI payloads can always be supported with desired reliability by adjusting code rate. There is no evident need to specify additional bundling (other than spatial-domain bundling) - DL throughput loss, specification and implementation complexity can be avoided. 

Observation 2: Using 1-2 RBs to transmit large UCI payloads when a UE is scheduled PDSCH in a large number of DL cells has a negligible impact on UL throughput and can avoid significant losses in DL throughput. 

Observation 3: The PUSCH subframe structure provides a unified scalable solution to address combinations of UCI payloads and allows for configuration flexibility in UCI reporting.
Observation 4: Relying on a modification of PUCCH format 3 to support large UCI payloads can introduce limitations in supportable UEs and UCI payloads, restricts HARQ-ACK and P-CSI multiplexing, restricts configurations of DL cells to a UE, and does not offer scalability.  

Based on the above observations and on the results in this contribution, the following is proposed.

Proposal: A new PUCCH format having the PUSCH structure can be configured to a UE to transmit UCI. 
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Appendix: System Setup

Table 1 provides the system setup for the generation of the geometry CDFs in Figure 2. 

Table 1: System setup for Scenario 2a Geometry CDF

	Parameter
	Setting

	Small Cell Scenario
	2a

	# of Macro Sectors
	21 (7 sites)

	# of Small Cell Clusters
	1

	# of Small Cells/Cluster
	4, 10

	Carrier Frequency
	Macro: 2.0 GHz - Small Cell: 3.5 GHz

	Max UE Tx Power
	23 dBm

	Po
	Macro: -95 dBm – Small Cell: -82 dBm

	Pc_alpha
	Macro: 0.9 – Small Cell: 0.9

	Tx/Rx Antenna Configuration
	1 Tx, 2 Rx

	Cell Selection Criteria
	RSRQ
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