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1 Introduction

In the RAN1#81 meeting, the following agreement was made:

· The maximum HARQ-ACK codebook size in the uplink by one UE in one subframe for DL CA of up to 32 CCs is at least 128 bits
· In case of FDD PUCCH cell, the maximum HARQ-ACK codebook size is 64 bits
Here, maximum HARQ-ACK codebook size refers to the maximum number of HARQ-ACK bits which can be transmitted either in the PUCCH or in the PUSCH. This number could at most be 638, assuming a PCell with TDD UL-DL configuration 5 and 31 FDD SCells. In this contribution, we discuss what the maximum number of supported HARQ-ACK bits should be for carrier aggregation using a TDD PUCCH cell. 
2 Maximum number of HARQ-ACK bits with TDD PUCCH cell
2.1 Supported combinations of serving cells 
With 128 HARQ-ACK bits, a configuration with 32 serving cells using TDD UL-DL configuration 2 or 4 could be supported, assuming spatial bundling. This can be considered as a form of baseline configuration similar to what was assumed when dimensioning PUCCH format 3. Obviously, there are numerous other combinations of serving cells and TDD UL-DL configurations, including also TDD UL-DL configuration 5, for which the number of HARQ-ACK bits would be no more than 128. 
The Rel-12 specification [1] explicitly lists which combinations of TDD UL-DL configurations that are supported for carrier aggregation for a certain PUCCH format. Even with 128 HARQ-ACK bits, it would be impossible to reuse that approach for a Rel-13 specification since the number of combinations is too large to be explicitly listed. Hence, the specification may need to support any combination of serving cells
 for which the number of HARQ-ACK bits is less than the maximum value. Hence, it is not foreseen that there will be any additional specification impact in terms of supported carrier combinations if the maximum number of HARQ-ACK bits is larger than 128. 
2.2 HARQ-ACK transmission on the PUCCH 

Spatial bundling is frequently used for TDD carrier aggregation from Rel-10 and it is expected to be non-controversial for Rel-13 as well. That limits the maximum number of HARQ-ACK bits to 319. HARQ-ACK payloads in the order of 128 bits or more would require a PUCCH format spanning multiple PRBs. Transmission of large number of HARQ-ACK bits would typically apply to non-power limited UEs for which the UE transmit power scales up with the number of allocated PRBs.  For power limited UEs, the transmit power per PRB would decrease with the number of allocated PRBs and it is not envisaged that very large number of HARQ-ACK bits is typical for such UEs. Hence, large HARQ-ACK payloads can be accommodated by allocating sufficiently many PRBs to assure a low code rate.

Table 1 and 2 contain the minimum signal-to-noise ratio (SNR) to meet the HARQ-ACK performance requirements using the assumptions in [2] for two candidate PUCCH formats. Results for two types of power control are included; transmit power which scales with the number of allocated PRBs (per-PRB power) and transmit power which remains constant with the number of allocated PRBs (per-UE power). We also evaluate the case of 8 RX antennas which is already commercially deployed for TDD macro cells. This will allow transmitting a large number of HARQ-ACK bits with even better performance.
From these results, it can be concluded that a Multi-PRB PUCCH format 3 could support 128 HARQ-ACK bits. The use of 8 RX antennas in the eNodeB gives ~9.4 dB gain. Alternatively, the gain could be utilized to reduce the number of PRBs (e.g., using 3 PRBs with 8 RX yields better performance than using 6 PRBs with 2 RX). Similarly, it can be concluded that a PUSCH-based PUCCH format could support 319 HARQ-ACK bits. It should be noted that performance can also be improved by increasing the number of allocated PRBs.
Hence, considering that typical UEs are not power limited, allocation of multiple PRBs and the additional use of 8 RX antennas, there is no performance issue for the PUCCH which necessitates setting the maximum number of HARQ-ACK bits to 128. Rather, 319 bits could be supported by allocating a sufficiently large number of PRBs.
Table 1. Minimum required SNR [dB] for different number of HARQ-ACK bits and receive antennas for a Multi-PRB PUCCH format 3 with 6 PRBs/slot, utilizing a transmit power which is either the same as for 1 PRB/ slot (per-UE power) or 6 times larger than for 1 PRB/slot (per-PRB power). 
	HARQ-ACK bits,  RX antennas
	Per-UE power
	Per-PRB power

	128 bits, 2 RX
	5.9
	-1.9

	128 bits, 8 RX
	-3.5
	-11.3


Table 2. Minimum required SNR [dB] for different number of HARQ-ACK bits and receive antennas for a PUSCH-based PUCCH format with 3 PRBs/slot, utilizing a transmit power which is either the same as for 1 PRB/ slot (per-UE power) or 3 times larger than for 1 PRB/slot (per-PRB power).

	HARQ-ACK bits,  RX antennas
	Per-UE power
	Per-PRB power

	319 bits, 2 RX
	10
	5.2

	319 bits, 8 RX
	0.8
	-4


2.3 HARQ-ACK transmission on the PUSCH
For HARQ-ACK transmission in the PUSCH, 4 SC-FDMA symbols per subframe (i.e., 96 coded bits) can be utilized assuming QPSK modulation. Compared to a PUSCH-based PUCCH format, which could carry 12*12*2=288 coded bits per subframe, HARQ-ACK transmission in the PUSCH would have similar performance if the number of allocated PRBs is around 3 times larger than that of the PUCCH. Hence, with sufficiently many PRBs allocated, there is not expected to be any performance issue for the PUSCH which limits the maximum number of HARQ-ACK bits to 128.
3 Conclusion
Spatial bundling can be applied such that the maximum number of HARQ-ACK bits is 319 and all configurations of carrier aggregation with 32 serving cells can be supported by the specification. 
Proposal. The maximum number of HARQ-ACK bits for carrier aggregation using a TDD PCell is 319. 
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� Support is at least for configurations of more than 5 serving cells and it is for further discussion whether the enhancements apply to other cases, e.g., using TDD UL-DL configuration 5 for 3, 4 or 5 serving cells.





