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1. Introduction
In the RAN #67 meeting, the work item (WI) on LTE carrier aggregation (CA) enhancement beyond 5 carriers was updated [1].  One important object of this WI aims to enhance the CA capabilities of up to 32 component carriers (CC). In the RAN1 #80 meeting, some high level observations for possible enhancements to UL control signaling to PUCCH formats are listed below: 

· One or more new PUCCH format for increasing PUCCH payload capacity including considerations on UL overhead

· PUCCH format selection including fallback operation

· Enhancements to PUCCH resource allocation/selection

As discussed in [2], new PUCCH format(s) should be introduced as the baseline to support UCI feedback for up to 32 DL CCs.  Based on the new PUCCH format design, in this contribution, we provide both description of new PUCCH format and insights by adopting higher order modulation schemes (e.g. 8-PSK and 16-QAM) and multi-PRBs.  Also, some link-level simulation results on proposed new PUCCH formats are provided.  After investigating quite a few approaches for designing new PUCCH format(s), we propose to use multiple PRBs, in particular 2 PRBs for UCI payload bit size of 64.   In addition, we found that adoption of higher order modulation is not convincing compared to robust QPSK, even if much lower code rate involving repetition is applied for higher order modulation schemes.
2. Candidate signal contruction method for new PUCCH format for HARQ-ACK feedback

2.1. Higher order modulation and reduced OCC size 
To accommodate an increasd UCI payload size, a straight-forward way is apply modification to the PUCCH format 3 by increasing modulation order and decreasing the length of orthogonal cover codes (OCC).   In addition, as the number of HARQ-ACK UCI size increases, TBCC can be regarded as a more effective channel coding scheme in terms of link-level performance.  Since TBCC has no error detecting capability, CRC is introduced to detect error performance for TBCC.  Then, the codeword size for UCI is fixed assuming that if 8-PSK or 16-QAM along with TBCC and CRC length 8 are utilized while a single PRB is maintained.  Since PUCCH format 3 uses 2 DM-RS SC-FDMA symbols per slot, available resource element (RE) is 60 per slot.  If the length of OCC is reduced from 5 to 3, we have 40 modulation symbols per subframe.  Figure 1 shows a possible structure for a new PUCCH format.
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Figure 1 Possible formation of a new PUCCH signal by modifying the existing PUCCH format 3
As shown in figure 1, codeword size of either 120 or 160 can be configured, depending on modulation shceme.  A special interleaving block following rate matching block is applied to exploit slot based hopping frequency diversity.  However, either of the two schemes have relatively high channel coding rate, considering higher order modulation is applied on top of it.   Thus, dedicating only 1 DM-RS per slot for new PUCCH format can be an alternative to lowering the overall channel coding rate, as shown in figure 2.  
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Figure 2 allocating only 1 DM-RS for accomdating larger codeword size
As shown in figure 2, the codword sizes are increased slightly by restricing the DM-RS SC-FDMA symbol to one.  Both approaches in the above figures consumes uplink resource of 1 PRB, but multi-user multiplexing capability is reduce by a factor of 3/5, in comparison to PUCCH format 3.  
2.2. Multiple PRBs and reduced OCC size 
To accommodate increase UCI size without employing higher order modulation schemes, multiple PRBs can be utilized to pack the proportionally increased codeword size, although increase of PAPR is inevitable.  However, the resource available for allocating users for UCI will be reduced by the exact amount of the increased number of PRBs.  Thus, multi-user multiplexing capability is reduce by a factor of 3/10, in comparison to PUCCH format 3. 
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Figure 3 Assigning 2 PRBs for large UCI size without applying higher order modulation schemes
Although the channel coding rate difference between the number of DM-RS allocated contributes to a relatively smaller channel coding rate difference compared to higher order modulation schemes, the link level performance difference enlarges significantly, as will be shown later in the following section.  For the new PUCCH proposal handling UCI size of 64 bit, it is recommend that 2 PRBs are enough in terms of performance and minimizing resource for uplink.
2.3. Multiple PRB, higher order modulation, and reduced OCC size 
In this case, higher order modulation is applied along with multi-PRBs.  As a result, overall code rate lower than TBCC mother code rate can be achieved.  In other words, the effect of codeword repetition can be observed.
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Figure 4 Assigning 2 PRBs for large UCI size with applying higher order modulation scheme
3. Numerical results of candidates for new PUCCH format
For the link level simulation, CRC length 8 is chosen.  We find that CRC length of 8 is sufficient enough for expecting NACK-to-ACK error rate to be much lower than the codeword error rate which includes ACK-to-NACK error rate. 
A summary of simulation assumptions are listed in Table 1 at the appendix section.  In figure 5, new candidate PUCCH formats with one allocated PRB are evaluated.  A general trend of large degradation by introducing higher order modulation is observed, in comparison to PUCCH format 3 performance.  The candidate with 16-QAM and 2 DM-RS per slot shows the least degradation among candidates.  16-QAM scheme with 2 DM-RS requires approximately SINR of 11dB for achieving error rate of [image: image5.png]1073



.   For 16-QAM, it is observed that improving the channel estimation performance over code rate is effective compared to 8-PSK.
However, if the new PUCCH format candidates utilize 2 PRBs, the link level performance improves drastically.  Figure 6 shows the performance of candidate schemes with 2PRBs.  8-PSK scheme is not evaluated in the multiple-PRB scheme since it lacks effectiveness in terms of performance and capacity compared to 16-QAM.  
According to figure 6, we observe that maintaining low channel coding rate is effective for QPSK modulation scheme while improving the channel estimation performance is much more effective than lowering the channel code rate for 16-QAM scheme.  
Observation 1: Once mother code rate is reached, the performance gain coming from repetition would be marginal compared to channel estimation performance for multi-PRB PUCCH format with higher order modulation.
In figure 6, best performance can be expected from QPSK with single DM-RS per slot candidate.  It outperforms other schemes including the PUCCH format 3.   It requires about SINR of 0.8dB to achieve codeword error rate of [image: image6.png]1073



 .  

Athough not shown in the figures, NACK-to-ACK performance seems not to be a concern for multi-PRB approach.  Attaching length 8 CRC to UCI causes overhead and higher channel coding rate, and slightly higher codeword error rate, but, however, the NACK-to-ACK performance is almost negligible in the practical operating SINR region.  Therefore, CRC can be served as a good indicator for detecting error in HARQ-ACK feedback.

Observation 2: Although attachinng CRC of length 8 introduces UCI overhead and slightly higher error rate due to ACK-to-NACK performance, the NACK-to-ACK performance is almost negligible in the practical operating SINR region.  

For maximizing uplink capacity, increased OCC length of 4 might be preferable in terms of system level perspective, and only a slight degradation to OCC length 3 case is observed in figure 6.

For UCI size of 32, we suggest that single PRB is sufficient enough, with even a slightly increased OCC length.  In figure 7, QPSK modulation scheme with length 3 OCC and 1 PRB performs best among proposed schemes.  Having an increase in multiplexing capability by setting OCC 4 is possible with the cost of degraded link level performance.
Proposal 1: For UCI size of 64 targeting good compromise between low signaling overhead and performance, use two RPBs and QPSK modulation with a interleaving functionality following rate match function.
Proposal 2: For UCI size of 32 targeting good compromise between low signaling overhead, network system capacity, and performance, use one RPB and QPSK modulation with a interleaving functionality following rate match function.
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Figure 5 link-level simulation results of 64 UCI bit with 1 PRB and higher order modulation and reduced OCC length 3
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Figure 6 link-level simulation results of 64 UCI bit with multi-PRBs and OCC length 3 or 4
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Figure 7 link-level simulation results of 32 UCI bit with 1 PRB and OCC length 3 or 4
4. Conclusion

Some observations and consideration points on proposed new PUCCH formats are provided in this contribution in order to support HARQ-ACK feedback for CA beyond 5 carriers in Rel-13.  The followings are our observations and proposal: 

Observation 1: Once mother code rate is reached, the performance gain coming from repetition would be marginal compared to channel estimation performance for multi-PRB PUCCH format.
Observation 2: Although attachinng CRC of length 8 introduces UCI overhead and slightly higher error rate due to ACK-to-NACK performance, the NACK-to-ACK performance is almost negligible in the practical operating SINR region.  
Proposal 1: For UCI size of 64 targeting good compromise between low signaling overhead and performance, use two RPBs and QPSK modulation with a interleaving functionality following rate match function.

Proposal 2: For UCI size of 32 targeting good compromise between low signaling overhead, network system capacity, and performance, use one RPB and QPSK modulation with a interleaving functionality following rate match function.
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Appendix

Table 1 is a summary of link-level simulation assumptions. 

Table 1: Link-level simulation assumptions
	Parameters
	Assumptions

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Channel model
	ETU

	UE speed
	3 km/h

	Frequency hopping
	At slot boundary

	Antenna set up
	1-Tx 2-Rx

	Channel estimation
	Realistic (least squares)

	CP type
	Normal CP

	Noise power estimation
	Ideal (FD-MMSE)

	Synchronization
	perfect

	Carrier frequency offset
	None (0Hz)

	Number of PRBs for multi-RB PUCCH format
	2

	Number of HARQ-ACK bit
	64

	CRC length
	8

	Channel coding
	TBCC with mother code rate  = 1/3
Rate matching scheme of Rel. 8
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