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1
Introduction

Many details related to PUCCH Format 3 were agreed in RAN1#62. This contribution deals with remaining open issues related to multi-A/N signalling using PUCCH Format 3:

· Reuse of Rel-8 PUCCH resources

· Usage of OCC with PUCCH Format 3

· PUCCH multiplexing combinations with PUCCH Format 3.
This paper summarizes our proposal related to open questions. 
2.
Reuse of Rel-8 PUCCH resources
It was decided in RAN#62 to support explicit A/N resource allocation configured by RRC for PUCCH Format 3. Furthermore, it was agreed to support dynamic A/N resource indicator (‘ARI’) included in PDCCH corresponding to SCell to indicate A/N resource w.r.t. RRC configured resource. 
Regarding the possible reuse of Rel-8 PUCCH resources in combination with PUCCH Format 3, it was decided that if no PDCCH corresponding to PDSCH on SCells is received, and PDSCH is received on the PCell, one of the following shall be agreed:
· Way 1: Either Rel-8 resource is used, or
· Way 2: PDCCH corresponding to PDSCH on PCell indicates a resource (“A/N Resource Indicator”, ARI) derived from the RRC configured resource(s).
We think that Way 1 should be selected for the case of PUCCH Format 3 and PCell only scheduling. The main reasons behind this view are:
· Introduction of ARI increases the possibility for PUCCH Format 3 resource sharing among multiple UEs significantly. However, Way 1 will further increase the possibility for reusing the same PUCCH Format 3 resource among multiple UEs. 
· It will always provide robust Rel-8 type of operation during the cases with ambiguity related to carrier aggregation configuration.
· Rel-8 mode will be the best-performing transmission format in the case of PCell –only scheduling (e.g., in the case all the SCells are de-activated).

· It is an open issue which bits of existing DCI Formats could be reused from PDCCH (Way 2).
Proposal:  Multi-A/N resource on PUCCH is used only in the case A/N signalling relates to one or more SCCs

3.
Usage of OCC with PUCCH Format 3
One of the open issues related to Format 3 is utilization of orthogonal cover code with PUCCH Format 3 reference signals. The current working assumption based on the outcome of RAN1#62 is that OCC on RS is not used.
Based on the current RAN1 decisions, there are 2 RS blocks per slot with normal CP length and one block with extended CP, respectively. This means that the applicability of OCC on PUCCH Format 3 is limited to the case of normal CP length only
. On the other hand, multiplexing capacity of PUCCH Format 3 is limited by the length of block spreading code.

· 4 UEs per PRB can be supported with shortened format

· 5 UEs per PRB can be supported with normal sub-frame.
Taking into account requirements of PUCCH Format 3 transmit diversity (TxD) it is noted that 8 or 10 RS resources per slot is needed with PUCCH Format 3 TxD. 
Figure 1 compares the link performance of PUCCH Format 3 TxD (SC-SFBC) with and without OCC on RS. ACK/NACK payload corresponds to 10 bits in this simulation. The simulation assumptions are given in the Appendix [1]. Results show that without OCC, it is not possible to meet the (NACK or DTX) to ACK requirement in spatially correlated macro channel. This is because the equalization on frequency domain is not possible due to low resolution of orthogonal reference signal samples on frequency (due to limited number of RS resources).  Based on this result we propose to support OCC on RS for PUCCH Format 3.

Proposal :  Support OCC on RS for PUCCH Format 3.
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Figure 1. Error rate as a function of required SNR (dB), PUCCH Format 3, 10 bits, SCM-C channel, v=3 km/h, SC-SFBC with and without OCC on RS.

4.
Multiplexing combinations with PUCCH Format 3

LTE Rel-8/9 supports multiple multiplexing options between A/N, CQI and SR. We think that it would be preferable to support at least the same multiplexing options in LTE-Advanced with carrier aggregation. This option would avoid unnecessary scheduling restrictions and allow for maintaining uplink delay performance in all cases.

Three main methods that have been proposed to multiplex SR and/or CQI with PUCCH Format 3 are:

· Option 1: Multiplexing SR using DM RS of PUCCH format 3 

· Option 2: Joint coding of SR, CQI and PUCCH Format 3

· Option 3: Cross-carrier ACK/NACK bundling based on Rel-8 TDD principle.
It is noted that both new schemes (Option 1 and Option 2) involve some potential problems and additional complexity in standardization:

· In many cases there are not enough DM RS resources (Option 1)
· Performance is a question mark e.g., with joint coding of CQI and PUCCH Format 3. An outcome of this is that coverage area of multi-A/N containing SR or CQI may be significantly reduced compared to the case with no SR or CQI.
· The existing coding schemes cannot support all the multiplexing combinations. 
· There can be problems with time uncertainty related to CC re-configuration.

Based on this discussion, we think that solution based on cross-carrier A/N bundling would be the simplest way to support all the multiplexing options between multi-A/N, CQI and SR [2]. This would mean that all the multiplexing options supported in Rel-8/9 would be available also in LTE-A. At the same time beneficial low-PAPR properties of the transmitted signal can be fully maintained (as in Rel-8/9). Furthermore, it is noted that the same scheme is applicable regardless of the format of multi-A/N (i.e,. channel selection, Format 3).

Proposal:  Cross-carrier A/N bundling is applied when multiplexing multi-A/N with CQI or SR.
5.
Summary & Way Forward
In this contribution we have discussed remaining open issues related to multi-A/N signalling using PUCCH Format 3. Based on the performance results and discussion we make the following proposals:
Proposal 1:  Multi-A/N resource on PUCCH Format 3 is used only in the case A/N signalling relates to one or more SCCs
Proposal 2:  Support OCC on RS for PUCCH Format 3
Proposal 3:  Cross-carrier A/N bundling is applied when multiplexing multi-A/N with CQI or SR.
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Appendix

Table 1 Simulation assumptions

	Parameters
	Value

	Carrier frequency
	2.0 GHz

	System bandwidth
	10 MHz 

	Channel model
	SCM-C

	Frequency hopping
	at slot boundary

	Antenna setup
	2x2,  spatially separated elements : 0.5 lambda in UE and 4 lambda in BS

	RX antenna correlation
	According to spatial distance

	Channel estimation
	Without OCC: Averaging over all RS symbols in slot), with OCC  averaging over 6 RS symbols  and interpolation 

	CP type
	normal CP

	Signal bandwidth
	180 kHz

	RX false alarm detection threshold
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SNR [dB]

Rate

2x2 SC-SFBC (w/ OCC): ACK to (NACK or DTX)

2x2 SC-SFBC FDE:(NACK or DTX) to ACK

2x2 SC-SFBC (w/o OCC) : ACK to (NACK or DTX)

2x2 SC-SFBC :(NACK or DTX) to ACK

PUCCH Format 3, SC-SFBC performance w/ and w/o OCC on RS, SCM-C 

 

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1


� EMBED Equation.3  ���








� with an assumption that the number of RS symbols is not increased with the extended CP 
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