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1. Introduction
Slot based CS/OC remapping on PUCCH randomizes intra-cell interference. A detailed remapping scheme [1] has been agreed and captured in the TS36.211 [2]. On the other hand, the formulas in [2] related to slot based CS/OC remapping only apply to normal CP frame structure and to RBs without a mixture of ACK/NAK and CQI. In this document, we propose slot based CS/OC remapping for the following cases
· PUCCH format 1/1a/1b in extended CP
· PUCCH format 1/1a/1b in normal CP and within mixed RBs

· PUCCH format 2/2a/2b in mixed RBs

For notation simplicity, we refer ACK/NAK as PUCCH format 1/1a/1b and CQI as PUCCH format 2/2a/2b. PUCCH format 1/1a/1b share the same structure, which is used for the transmission of SRI, persistent ACK/NAK, and dynamic ACK/NAK. PUCCH format 2/2a/2b are intended for CQI and concurrent transmission of CQI and ACK/NAK. Moreover, mixed RBs refer to RBs containing a mixture of ACK/NAK and CQI.
2. Slot Based CS/OC Remapping on PUCCH
In [2], it is described that 
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 denotes the resource index for PUCCH format 2/2a/2b. In this section, we describe the slot based CS/OC remapping on PUCCH, with the notations adopted in [2]. For notations not explicitly described in this document, please refer to [2]. 
2.1. Slot Based CS/OC Remapping for PUCCH format 1/1a/1b
Resources used for transmission of PUCCH format 1, 1a and 1b are identified by a resource index 
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The resource indices in the two slots of a subframe to which the PUCCH is mapped are given by
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2.2. Slot Based CS/OC Remapping for PUCCH format 2/2a/2b
Resources used for transmission of PUCCH formats 2/2a/2b are identified by a resource index 
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Examples of the proposed slot based CS/OC remapping are provided in the Appendix. It is not necessary to use all available CQI channels in the mixed RB. 
3. Simulation Results

Table 1: Link Level Simulation Assumptions

	Parameters
	Assumptions

	Numerology
	5MHz @ 2.0GHz

	Resource Block
	180 kHz (15 kHz x 12)

	Frequency Hopping Subframes
	2

	Number of UEs
	12

	UE Velocity
	UE 1 350 km/h UE 2 – 12 3 km/h

	Channel Model
	SC

	Number of Receive Antennas
	2

	Number of Transmit Antennas
	1

	Timing Offset
	Uniform [-0.52 0.52] us

	Near-Far
	UE 1 has 10 dB higher SNR than other UEs

	Number of ACK/NAK Bits
	1

	Frame Structure
	Extended CP
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Figure 1: ACK/NAK BER, UE 1 @ 350 km/h and 10 dB Higher SNR
Table 1 lists the simulation parameters. In extended CP, 12 UEs are simultaneous transmitting ACK/NAK bit, with 1 ACK/NAK bit per UE. The dominant interfering UE, i.e. UE 1, travels at 350 km/h and has a SNR 10 dB higher than the rest 11 low mobility (3 km/h) UEs. We compare the ACK/NAK performance for
· Slot based CS/OC remapping enabled, as shown in the left plot of Fig. 2. 

· Slot based CS/OC remapping disabled.

Figure 1 shows the simulation results. Note UE i is mapped to A/N channel #(i – 1). Due to spill-over between neighboring cyclic shifts, UE 2 has the worst ACK/NAK performance, if slot based CS/OC remapping is disabled. On the other hand, with the proposed slot based CS/OC remapping, the interference generated by UE 1 on two slots impacts two different UEs. Therefore, the worst UE’s ACK/NAK performance improves considerably, compared to the case where slot based CS/OC remapping is disabled.
4. Conclusions
Slot based CS/OC remapping on PUCCH randomizes intra-cell interference. In this contribution, we propose slot based CS/OC remapping on PUCCH for extended CP and for RBs containing a mixture of ACK/NAK and CQI.  To conclude on the topic of slot based CS/OC remapping on PUCCH, we propose to adopt the proposed method in the specification.
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