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1. Introduction

In this contribution, we discuss a couple of remaining issues on PUCCH format 3 particularly focusing on;
· Number of RS symbols in extended CP case
· OCC (Orthogonal Code Cover) on top of RS symbols
2. Number of RS Symbols in Extended CP
Figure 1 shows two options for the number of RS symbols in extended CP. Option 1 is the number of RS symbols in a slot is one, and Option 2 is the number of RS symbols in a slot is two. We discuss the relative Pros/Cons for Option 1 and Option 2 as following;
· Option 1 (one RS in a slot)

· Pros

· It has more multiplexing capacity than Option 2 (5 vs. 4 per PRB).
· Cons

· The A/N performance degradation to Option 2 is anticipated due to less channel estimation accuracy.
· There is no room for one additional resource on RS symbols for channel estimation of the second antenna if one orthogonal resource based TxD scheme on data symbols such as m-SFBC, STBC, or FSTD for data part is introduced [1].
· Option 2 (two RSs in a slot)

· Pros

· The A/N performance enhancement to Option 1 is anticipated due to better channel estimation accuracy.

· It is easy to get one additional resource on RS symbols for channel estimation of the second antenna if one orthogonal resource based TxD scheme on data symbols such as m-SFBC, STBC, or FSTD is introduced [1].

· Cons

· It has less multiplexing capacity than Option 1 (4 vs. 5 per PRB)
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(a) Option 1: one RS symbol in a slot                          (b) Option 2: two RS symbols in a slot
Figure 1 Two options on the number of RS symbols in extended CP
Figure 2 shows the A/N performances for extended CP. The above two options in Figure 1 were evaluated. The simulation results about required SNR are also tabulated in Table 1. The detailed simulation conditions and the resultant link level evaluation were showed in Annex A and Annex B, respectively. From the simulation results, we observe that;
· Option 2 (two RS symbols) outperforms Option 1 (one RS symbols) in all A/N bit ranges from 2 to 10 A/N bits.
· Maximum 1.31dB SNR gain is achieved for 2 A/N bits. 
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Figure 2 A/N performances for extended CP
Table 1 Required SNR [dB] such that Pr(D->A)=1%, Pr(A->N/D)=1%, and Pr(N->A)=0.1%
	
	2 A/N bits
	4 A/N bits
	6 A/N bits
	8 A/N bits
	10 A/N bits

	Option 1 (#ofRSs=1)
	-4.14 dB
	-3.49 dB
	-3.12 dB
	-1.98 dB
	-0.74 dB

	Option 2 (#ofRSs=2)
	-5.45 dB
	-4.59 dB
	-4.39 dB
	-2.34 dB
	-1.12 dB

	SNR gain of Option 2 over Option 1
	1.31 dB
	1.10 dB
	1.27 dB
	0.36 dB
	0.38 dB


Proposal 1: We propose Option 2 with two RS symbols in a slot as a subframe structure for extended CP.
3. OCC on RS Symbols
Not using OCC on RS was agreed as a working assumption in last RAN1 62 meeting. The main objectives to apply OCC on RS symbols would be either of;
· To get additional complementary orthogonal resource to estimate the channel of second antenna when one orthogonal resource based TxD [1] is introduced

· Or to increase the distance between orthogonal resource for enhancing the channel estimation performance when multiple UEs are multiplexed in the same PRB
 If we cannot get a complementary orthogonal resource from RS symbols, the optimal TxD would be SORTD in A/N performance point of view by using two orthogonal resources both from RS and data symbols [1]. However, if a complementary orthogonal resource can be got from RS symbols, other schemes such as m-SFBC, STBC, and FSTD may be a good candidate as a TxD scheme considering multiplexing capacity overhead. For other purpose such as increasing the distance between orthogonal resources, it should be carefully investigated whether it can bring about any performance benefit in addition to the current functionality like cyclic shift hopping in SC-FDMA symbol level since it is expected that the CS hopping may help to randomize inter-code interference.
Proposal 2: The OCC (Orthogonal Code Cover) is not applied unless one orthogonal resource based TxD scheme like m-SFBC, STBC, or FSTD is introduced.

4. Conclusions

As a conclusion, we summarize our views on the remaining details on PUCCH format 3 as follows;
· Proposal 1: We propose Option 2 with two RS symbols in a slot as a subframe structure for extended CP.
· Proposal 2: The OCC (Orthogonal Code Cover) is not applied unless one orthogonal resource based TxD scheme like m-SFBC, STBC, or FSTD is introduced.
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Annex A. Simulation Conditions
The basic simulation assumptions in [2] were adopted in this contribution. We applied the following definition for Rx false alarm detection threshold as;
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Table 2 Link level simulation assumptions
	Parameters
	Value

	Carrier frequency
	2GHz

	System bandwidth
	5MHz

	Channel model
	ETU

	Velocity
	3km/h

	System bandwidth
	5MHz

	Frequency hopping
	At slot boundary

	Antenna set up
	1Tx-2Rx

	Tx/Rx antenna correlation
	Uncorrelated

	Channel estimation
	Practical

	CP type
	Extended CP

	Signal bandwidth
	180kHz

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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	A/N bits
	2,4,6,8,10 bits

	Channel coding
	(32,O) PUSCH RM coding with circular buffer rate matching 


Annex B. Link Level Simulation Results
 The no line, solid line, and dotted line represent Pr(D->A), Pr(A->N/D), and Pr(N->A), respectively.
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