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1
Introduction

Many details related to PUCCH channel selection were agreed in RAN1#62. This contribution deals with remaining open issues related to multi-A/N signalling based on PUCCH channel selection:

· Exact mapping table 

· Resource allocation details
· PUCCH multiplexing combinations with channel selection.
This paper summarizes our proposal related to these open questions.
2.
Mapping table for channel selection
The optimization criteria for mapping tables of PUCCH Format 1b channel selection were agreed in RAN1#62:
· One mapping table for each of 2, 3, or 4 bits

· Possibly 1 mapping table with nested property for bit range of 2 – 4

· 2/3/4 PUCCH format 1a/1b resources for 2/3/4 bits, respectively

· Mapping table design shall optimize the performance for 2 CCs, wrt

· Required SNR to meet ACK/NAK performance requirements

· Implicit Rel-8 resource utilization

· Ambiguity handling during DL CC reconfiguration

· Equalization of individual ACK/NAK bit performance will be considered. 
· Overlapping states shall be avoided
NNSN proposal for mapping table is shown in Table 1. It can be noted that that the proposed table is based on nested property for bit range of 1-4 bits. There are no overlapping states between ACK and NACK included in the proposed mapping table.  Furthermore, it is capable to support fully implicit Rel-8 resource allocation for up to four component carriers:
· 4 CCs: spatial bundling or single CW transmission per component carrier    (1+1+1+1)

· 3 CCs: 2-bit ACK/NACK can be supported on one component carriers     (2+1+1) or (1+1+1)
· 2 CCs: 2-bit ACK/NACK can be supported on both component carriers    (2+2), (2+1) or (1+1).
In the proposed mapping table, the selected PUCCH format 1b resource is always selected based on CC corresponding to ACK or NACK (not from DTX). For that reason implicit resource allocation for up to four component carriers is always supported.
Table 1. Proposed mapping table for PUCCH Format 1b channel selection.
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Ambiguity handling:

Nested property of the mapping table provides inherent robustness against the timing uncertainty involved in CC (re-)configuration. The DTX states included in the mapping table take care of the timing uncertainty period during which the UE and eNB may have different understanding on the number of component carriers configured. It is noted that with the nested table, eNB has full flexibility to support normal scheduling operation during the time of uncertainty (in other words, there are no restrictions to support e.g., PCC only scheduling during the timing uncertainty). If eNB makes the PDSCH scheduling corresponding to CC which has not yet been configured for the UE then mapping table takes care that ‘N/D’ corresponding to non-configured CC will be reported. 
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Performance:
Figure 1 (Appendix) illustrates the link performance of the proposed mapping table. The performance results for the reference case [1] are shown in Figure 2. The simulation assumptions are aligned with [1]. Results show that the proposed mapping table provides comparable performance with the reference design
. 

One of the aspects to be considered in the performance evaluation is equalization of individual ACK/NAK bit performance. Figure 3 shows NACK (or DTX) to ACK performance for each bit separately using the proposed mapping table. It is noted that the individual bit performance is not fully equalized in our proposal. On the other hand, it is noted that SNR requirement for ACK misdetection is limiting the performance of channel selection instead of  NACK (or DTX) to ACK requirement. Hence, we are of the opinion that equalization of individual ACK/NACK bit performance is not the most important selection criterion in mapping table design.
Based on all the aspects considered, we propose to apply channel selection table shown in Table 1 as the as mapping table for channel selection in LTE-Advanced carrier aggregation.
Proposal:  Channel selection table according to Table 1 is selected as mapping table for channel selection in LTE-Advanced carrier aggregation.
3.
Resource allocation details
It was decided in RAN#62 to support both implicit and explicit A/N resource allocation for PUCCH channel selection. Furthermore, for PUCCH Format 3 it was agreed to support dynamic A/N resource indicator (‘ARI’) to indicate A/N resource in w.r.t. RRC configured resource. Support for ARI for channel selection case was left open in RAN#62.
We think that it makes sense to support ARI also with PUCCH channel selection:

· It allows to minimize the PUCCH resource consumption in the case of explicit resource allocation (i.e when PDSCH relates to SCell with non cross-carrier scheduling or cross-carrier scheduling from SCell)

· It maximizes the functional similarity with PUCCH Format 3.

Proposal :  Support ARI with channel selection.
It has been proposed to support fully implicit resource allocation also for the 2nd A/N resource in the case of dual-CW transmission on PDSCH. The most straightforward application would be to derive the 2nd A/N resource from (n_CCE+1) similarly as in the case of SORTD. It is noted that this approach results in the smallest overhead in the case when the PDCCH consists of at least two CCEs.
There are some limitations in this approach:

· Scheduler restrictions is in the case when the number of CCEs equals to 1

· Compatibility with SORTD.
Therefore it seems that explicit resource allocation for the 2nd A/N resource would be needed as well. It is also noted that if ARI is supported with channel selection then higher layer configured PUCCH Format 1b resource corresponding to the 2nd A/N resource is not that expensive (resource sharing between multiple UEs configured can be supported). 

Based on these aspects it seems that both implicit and explicit resource allocation schemes need to be supported in the case of channel selection, dual-CW transmission on PDSCH and cross-CC scheduling from PCell.
Proposal:  Support both implicit and explicit resource allocation for the 2nd A/N resource of dual-CW transmission.
4.
Multiplexing combinations

It was decided in RAN1#62 that neither DAI nor carrier domain bundling is supported in FDD CA. However, it was not yet agreed whether this decision is applicable to channel selection with simultaneous SR or CQI.
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 and also the case of channel selection. This approach would avoid unnecessary scheduling restrictions and allow for maintaining uplink delay performance in all cases. 

We propose to support cross-carrier ACK/NACK bundling (w/o DAI bits) with simultaneous SR or CQI in the case of channel selection. The multiplexing scheme is based on Rel-8 TDD solution. In this approach, information on the number of received DL grants is included in the bundled A/N FB message according to Table 7.3-1 [4]:

· For a positive SR, the UE shall transmit 
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 on its assigned SR PUCCH resource using PUCCH format 1b according to section 5.4.1 in [2]. The value of 
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 are generated according to Table 7.3-1 from the ACK/NACK responses by spatial ACK/NAK bundling across multiple codewords within each PDSCH transmission.
· When both ACK/NACK and CQI/PMI or RI are configured to be transmitted in the same sub-frame on PUCCH, a UE shall transmit CQI and 
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 using PUCCH format 2b for normal CP or PUCCH format 2 for extended CP, according to section 5.2.3.4 in [3] with 
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 are generated according to Table 7.3-1 from the ACK/NACK responses by spatial ACK/NACK bundling across multiple codewords within each PDSCH transmission.
Table 7.3-1: Mapping between multiple ACK/NACK responses and 
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	Number of ACK among multiple ACK/NACK responses
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	0 or None (UE detect at least one DL assignment is missed)
	0, 0

	1
	1, 1

	2
	1, 0

	3
	0, 1

	4
	1, 1

	5
	1, 0

	6
	0, 1

	7
	1, 1

	8
	1, 0

	9
	0, 1


It is noted that transmission of multi-A/N is not straightforward the case when multiplexed with positive SR or CQI. Defining dedicated multiplexing option for the cases of SR or CQI is problematic especially with channel selection due to limited payload on the given PUCCH Format 1b resources. Hence, we think that cross-carrier ACK/NACK bundling (w/o DAI bits) is the most straightforward approach to multiplex A/N with positive SR or CQI with channel selection.
Proposal:  Support carrier-domain A/N bundling for channel selection in the case of simultaneous SR or CQI.
5.
Summary & Way Forward
In this contribution we have discussed channel selection details for A/N transmitted on PUCCH. We make the following proposals:
Proposal:   Channel selection table according to Table 1 is selected as mapping table for channel selection in LTE-Advanced carrier aggregation.
Proposal:  Support ARI with channel selection.
Proposal:  Support both implicit and explicit resource allocation for the 2nd A/N resource of dual-CW transmission.
Proposal:  Support carrier-domain A/N bundling for channel selection in the case of simultaneous SR or CQI.
References

[1] R1-104140, “ACK/NAK Multiplexing Simulation Assumptions in Rel-10“,CATT, LG Electronics, Qualcomm Incorporated, ZTE
[2] TS 36.211, 3GPP
[3] TS 36.212, 3GPP
[4] TS 36.213, 3GPP
ANNEX
[image: image11.emf]0,001

0,01

0,1

1

-10 -9 -8 -7 -6 -5 -4

SNR [dB]

Error Rate

NNSN:  4 Bits ACK to (NACK or DTX)

NNSN:  3 Bits ACK to (NACK or DTX)

NNSN:  2 Bits ACK to (NACK or DTX)

NNSN:  4 Bits (NACK or DTX) to ACK

NNSN:  3 Bits (NACK or DTX) to ACK

NNSN:  2 Bits (NACK or DTX) to ACK


Figure 1. Error rate as a function of required SNR (dB), TU channel, v=3 km/h, Mapping table according to NNSN proposal.
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Figure 2. Error rate as a function of required SNR (dB), TU channel, v=3 km/h, Mapping table according to reference proposal [1].
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Figure 3. NACK/DTX to ACK performance for each bit (3 bits), TU channel, v=3 km/h, Proposed mapping table.
� It should be noted that the reference design does not support implicit resource allocation and it has no inbuilt robustness against timing uncertainty related to CC-reconfiguration.
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