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1 Introduction

At meeting RAN1#61bis, the following way forward [1] was agreed for Un PUCCH:
· In case of Un PDSCH assigned by R-PDCCH, the PUCCH resource for corresponding ACK/NAK on Un is semi-statically configured by higher layers on a RN specific basis

· The Un PUCCH resource for SR or CSI is semi-statically configured by higher layers on a RN specific basis
Some details still need further study such as Un PUCCH resource allocation and exact processing schemes for UL timing modified case 4. In this contribution, we further discuss these related issues so that the Un PUCCH design can be finished.
2 Need for a Shortened Format 2/2a/2b on the Uplink
With UL timing modified case 4 [2], there are only 13 SC-FDMA symbols can be used for transmission. In [3], for simultaneous transmission of SRS and CQI on PUCCH, a shortened PUCCH format 2 should be supported in LTE-A so that “regular” CQI reporting can be done with UL timing modified case 4. A simple way to achieve this is to puncture two coded bits. Thus, we propose to use (18, A) R-M coding for CQI/PMI/RI information bits which can be derived by puncturing two rows of Rel-8 (20, A) R-M coding table.
Proposal: For formats 2/2a/2b the resource can be always multiplexed with PUCCH, with (18, A) R-M coding used for Un PUCCH when the last symbol is punctured for UL timing modified case 4.

Note that in theory, it is still possible to do CQI reporting without using format 2/2a/2b by, e.g., doing reporting only using Un PUSCH and aperiodic reporting triggered by the eNB. However, the CQI reporting mechanism for UEs is currently very flexible, and it seems natural to extend this flexibility to the Un link as well by using a shortened format 2/2a/2b.

3 Code Design
Ideally, optimizing the code to ensure best performance for (18, A) is the best thing to do. However, given that the time constraints are pretty tight, we propose to look at the two following option:
· Solution 1: The (18, A) R-M code is obtained by removing the first two rows of the (20, A) R-M code; 

· Solution 2: The (18, A) R-M code is obtained by removing the last two rows of the (20, A) R-M code; 

These two solutions are very simple: the first solution consists in not transmitting the first QPSK symbol after doing (20, A) coding and QPSK modulation encoding. Solution 2 is similar, but implies not transmitting the last symbol. Thus, implementing either one of these two solutions only requires a trivial implementation change.

In the following, we compare the performance of these two solutions. The simulation assumptions are given in Appendix.

For comparison, the required SNR (in dB) necessary to achieve a BLER of 1% is summarized in the following tables.
Table-1: The required SNR for BLER= 10e-2 for EPA channel model 

	
	4bits
	6bits
	8bits
	9bits
	11bits

	Solution 1
	-7.77
	-5.8
	-4.8
	-4.3
	-2.36

	Solution 2
	-7.92
	-4.56
	-4
	-3.8
	-1.8

	Gain of solution 1
	-0.15
	1.24
	0.8
	0.5
	0.56


Table-2: The required SNR for BLER= 10e-2 for ETU channel model 

	
	4bits
	6bits
	8bits
	9bits
	11bits

	Solution 1
	-7.15
	-5.27
	-4.22
	-3.72
	-1.72

	Solution 2
	-7.3
	-4
	-3.52
	-3.19
	-1

	Gain of solution 1
	-0.15
	1.27
	0.7
	0.53
	0.72


From the above simulation results, we can see that the BLER performance of solution 1 is better than that of solution 2 in all the cases except for the case of 4 bits CQI. Although the BLER performance for solution 1 is about 0.15dB worse than that of solution 2 for the case of 4 bits CQI, it can obtain performance gain in all the other cases and the performance gain is large, so the (18, A) R-M code obtained by removing the first two rows of the (20, A) R-M code is better.

4 Conclusions
According to the discussions, we propose the following:

· For formats 2/2a/2b the resource can be always multiplexed with PUCCH, with (18, A) R-M coding used for Un PUCCH when the last symbol is punctured for UL timing modified case 4.
· The (18, A) coding scheme is obtained by puncturing the first two rows of the (20, A) R-M code used for UE CQI/PMI/RI reporting

APPENDIX: Simulation Assumptions

Table 1 Simulation Assumptions 

	Parameter
	Value

	Carrier frequency
	2GHz

	Bandwidth
	5MHz

	Channel model
	EPA, ETU

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

	Antenna configuration
	1x2

	RX antenna correlation
	Uncorrelated

	CP
	Normal

	Signal bandwidth
	180kHz

	Noise estimation
	      Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1

	Receiver Type
	ML detection (Joint Data + RS)
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