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1. Introduction
In the RAN1 #82 meeting, agreements have been made for new PUCCH format(s) that characterizes possible options available for the new PUCCH format(s) structure.  The aggrements made so far are listed as follows [1]:

Agreements:
· New PUCCH format(s) for HARQ-ACK feedback should be introduced in Rel-13 CA
· Specify at least one new PUCCH format:
· PUSCH-like PUCCH structure (without CDM for data/control symbols)
· Working assumption: One DMRS per slot
· FFS: Two DMRS per slot (normal CP)
· Frequency hopping between slots
· FFS: Whether /when FH is applicable
· With at least one PRB per slot
· FFS: Coded bits-to-RE mapping 
· FFS: A new PUCCH format including CDM
· FFS:PUSCH-like or PUCCH format 3(PF3) based structure
· FFS
· Multi-PRB PF3 using a single DFT-precoder
· Other format is not excluded
· Spreading factor 
· Spreading within or between SC-FDMA symbols
· Number of DMRS symbols
The main option that divides the two main bullet is code division multiplexing (CDM).  Apart from CDM (or spreading or orthogonal cover code: OCC), the second most important factor to be considered is the number of DM-RS symbols needed per slot.  There are many other design considerations to accout for completeness of PUCCH format design, but focus on this contribution is about two main issues (i.e. CDM and number of DM-RS per slot).  In this contribution, we first provide some link-level simulation results, and then, we provide some analysis and crucial design  consideration as well as recommendation concerning two issues.  
2. Signal contruction method for new PUCCH format and simulation assumptions
2.1. Channel coding with rate-matching, modulation, spreading and mapping 
General schemes on the structure of new PUCCH(s) can be found in [2].  In addition, we consider a structure for UCI payload size of up to 128.  For UCI size of 128, it is assumed that CDM is not considered, as the code rate becomes invalid (i.e. over 1.0), if spreading factor of 2 or higher is applied with 1 PRB resource element.  Unless multi-PRBs are introduced, a default PUCCH formation of UCI 128 bit is limited to a configuration having QPSK, non-CDM, 1 (or 2) DM-RS, and 1 PRB.
2.2. Equalization method based on number of DM-RS
In RAN1 #82 meeting, a decision on the number of DM-RS symbols was left as FFS, because the effect of carrier frequency offset (CFO) has not been investiaged for new PUCCH format(s).  Therefore, we present some link level simulation results when CFO is present, in the following section.  Constant carrier frequency offset of 0.1 PPM is assumed present at the eNB receiver side.  Maximum carrier frequency is set to 5.8GHz, taking PUCCH on LAA SCell into consideration.
Channel estimation via DM-RS symbol(s) is done per slot basis.  If the PUSCH-like structure is employed (i.e. only one DM-RS per slot), it is assumed that the channel estimation result based on that single DM-RS symbol, which is located at OFDM symbol #3, is used for equalizing reset of the 6 DFT pre-coded SC-FDMA symbols (in case of normal CP is considered).  If two DM-RS symbols are used, SC-FDMA symbol #0 and #2 are equalized by the channel estimation result from DM-RS symbol #2, and SC-FDMA symbols #4 and #6 are equalized by the channel estimation result from DM-RS symbol at #5.  For equalizaiton of SC-FDMA symbol #3, averaged channel estimation results from two DM-RS symbols at #1 and #5 within a slot is used.  
3. Numerical results
A summary of simulation assumptions are listed in Table 1 at the appendix section.  In figure 1, new candidate PUCCH formats of two versions encoded with 32 HARQ-ARQ bits are evaluated.  One allocated PRB for PUCCH resource, and QPSK is applied to all new PUCCH formats unless specified.  For payload size of 32, spreading factor (or orthogonal cover code: OCC) for new PUCCH format is fixed to 4, but the difference between the two new PUCCH formats shown in the figure (red vs green curve) is the number of DM-RS symbols.  It is observed that even for conventional PUCCH format 3 scheme, CFO does not impact the required SINR for BLER 0.01 signficantly, even operating at center carrier frequency of 5.8GHz.  
Likewise, the required SINR difference between no CFO and CFO of 580Hz present is about 0.4 dB.  We note that depending on receiver implementation the observation shown in figure 1 may not be always true, but if the assumptions in 2.3 are applied for channel equalization, it is clear that the benefit of having two DM-RS symbols per slot is well explained in figure 1.  On the other hand, if only one DM-RS symbol is used for new PUCCH format designed for UCI 32 bit, noticeable degradation about 1.5dB SINR at BLER 0.01 is observed compared to no CFO case.  
Observation 1: no significant performance degradation for PUCCH format 3 mode is observed when the  carrier frequency of UE is offset by 0.1 PPM, relative to eNB’s carrier frequency.  Two DM-RS per slot is much more effective than one DM-RS per slot scheme in terms of providing robustness against CFO.

However, one DM-RS scheme has the advantage of lower channel coding rate, compared to two DM-RS case.  As such,  combination of lower code rate and high spreading factor somewhat suppresses degradation caused by CFO, and this factor account for better error rate performance of BLER 0.001 than the two DM-RS scheme.  It is noticed that the slope of BLER curves are different for number of DM-RSs due to different channel coding rates.
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Figure 1 comparisons of new PUCCH formats designed for UCI 32 under influence of CFO
If UCI size increases (and thus spreading factor decreases) performance gap between one and two DM-RS amplifies considerably.  In figure 2, a large degradation due to CFO is observed for one DM-RS scheme.  Despite having a lower channel coding rate, 1 DM-RS scheme is about 6dB worse than 2 DM-RS scheme at BLER 0.01.  
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Figure 2 comparisons of new PUCCH formats designed for UCI 64 under influence of CFO
The same trend of enlarging link performance gap between one DM-RS based scheme and two DM-RS based scheme appears to be true for UCI size of 128, as shown in figure 3.  Thus, following observations are made.
Observation 2: spreading factor and channel code rate plays an important role of providing robustness against CFO for new PUCCH format.  Spreading is especially helpful for increasing the resource of uplink and robustness against CFO. 

Observation 3: although slight channel coding gain loss is inevitable for 2 DM-RS in a slot, it outperforms 1 DM-RS scheme when CFO is present in, especially for high payload size cases.

One noticeable observation other than number of DM-RS is that the overall performance of UCI 128 is worse than the conventional PUCCH format mode 3 whether point of comparison is at BLER 0.01 or BLER 0.001.  
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Figure 3 comparisons of new PUCCH formats designed for UCI 128 under influence of CFO
One way of improving the performance is utilizing 2 PRBs.  If two 2PRBs are used, spreading factor 2 can be applied as well.  In figure 4, we observe that nearly 3dB increase in BLER 0.01 performance is achieved.  The drawback, however, utilizing more than one PRB is the increased PAPR of waveform transmitted by UE.  The single carrier property is lost due to transmission occurred at multiple frequency bands.
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Figure 4 comparisons of new PUCCH format utilizing two PRBs designed for UCI 128 under influence of CFO
For maximizing uplink capacity, increasing the spreading factor is a desirable design criterion for new PUCCH format as long as link level performance is acceptable to the system operation point of view.   Other than UCI size of 128, we suggest that single PRB is sufficient enough for UCIs with lower payload sizes.  Followings are our proposal.
Proposal 1: For UCI size of 32 targeting good compromise between low signaling overhead (uplink resource) and performance, use one RPB, two DM-RS symbols, QPSK modulation, and spreading factor of 4.
Proposal 2: For UCI size of 64 targeting good compromise between low signaling overhead (uplink resource) and performance, use one RPB, two DM-RS symbols, QPSK modulation, and spreading factor of 2.
Proposal 3: For UCI size of 128 targeting good compromise between low signaling overhead (uplink resource) and performance, use two RPBs, two DM-RS symbols, QPSK modulation, and spreading factor of 2.

Proposal 4: Spreading for low UCI payload size must be considered and 2 DM-RS must be the baseline for new PUCCH format structure.
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: no significant performance degradation for PUCCH format 3 mode is observed when the  carrier frequency of UE is offset by 0.1 PPM, relative to eNB’s carrier frequency.  Two DM-RS RS per slot is much more effective than one DM-RS RS per slot scheme in terms of providing robustness against CFO.

Observation 2: although slight channel coding gain loss is inevitable for 2 DM-RS in a slot, it outperforms 1 DM-RS scheme when CFO is present in, especially for high payload size cases.

Observation 3: spreading factor and channel code rate plays an important role of providing robustness against CFO for new PUCCH format.  Spreading is especially helpful for increasing the resource of uplink and robustness against CFO. 
Proposal 1: For UCI size of 32 targeting good compromise between low signaling overhead (uplink resource) and performance, use one RPB, two DM-RS symbols, QPSK modulation, and spreading factor of 4.

Proposal 2: For UCI size of 64 targeting good compromise between low signaling overhead (uplink resource) and performance, use one RPB, two DM-RS symbols, QPSK modulation, and spreading factor of 2.
Proposal 3: For UCI size of 128 targeting good compromise between low signaling overhead (uplink resource) and performance, use two RPBs, two DM-RS symbols, QPSK modulation, and spreading factor of 2.
Proposal 4: Spreading for low UCI payload size must be considered, and 2 DM-RS must be the baseline for new PUCCH format structure.
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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
	3.8 GHz or 5.8GHz

	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 (Frequency domain MMSE)

	Synchronization
	perfect

	Carrier frequency offset
	0.1 PPM

	Number of PRBs for multi-RB PUCCH format
	1 or 2

	Number of HARQ-ACK bit
	32, 64, 128

	CRC length
	8

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


