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1. Introduction

At the RAN1#62 meeting, PUCCH format 1b with channel selection for ACK/NACK (A/N) multiplexing was discussed [1]-[7] and the design criteria for the mapping table were agreed upon [8]. According to [8], the mapping table design shall optimize the performance for 2 CCs with respect to the following.
· 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
Based on the design criteria, the exact mapping tables for channel selection were proposed and summarized in [9]. Each proposal has a different optimization point although there are similarities among the proposals. This contribution discusses the design criteria to be prioritized and presents our preference for the mapping table.
2. Mapping Table Design for Channel Selection
2.1
Design Criteria

According to the agreement at the RAN1#61bis and #62 meetings, the mapping table for the Rel-10 channel selection should be optimized for CA of up to 2 DL CCs that consist of the primary CC (PCC) and secondary CC (SCC) as mentioned in [7]. We note that, in our view, channel selection for more than 2 DL CCs does not need to be specified. Therefore, we take into account the following design criteria to design the mapping table for Rel-10 channel selection.

(1) Fallback to Rel-8/9 PUCCH format 1a/1b 

Regarding the A/N transmission schemes for CA, it is generally preferred to reuse the Rel-8/9 PUCCH format 1a/1b when only a DL assignment is received on PCC [10]. By doing this, the problem with handling ambiguity is avoided during the RRC reconfiguration period between CA and non-CA [11]. Furthermore, a similar ambiguity issue caused by the Time Alignment Timer (TAT) is avoided [12]. Therefore, the mapping table for Rel-10 channel selection for CA should be equivalent to the mapping table for Rel-8/9 PUCCH format 1a/1b, i.e., fallback to Rel-8/9 PUCCH format 1a/1b, when a UE receives only a DL assignment for the DL PCC. 
(2) Implicit Rel-8/9 resource utilization

For the DL assignment on the DL PCC, implicit resource allocation as used in Rel-8/9 LTE should be reused [13]. When it comes to additional resources for CA, the allocation scheme is dependent on whether or not the carrier indicator field (CIF) is configured. When the CIF is configured and cross-carrier scheduling is carried out from the PCC, implicit A/N resource allocation is the working assumption. This is one of the benefits of employing the channel selection from the viewpoint of overhead reduction. To achieve this, full implicit resource allocation for up to four bits should be supported.
(3) Support of explicit DTX
The well-known benefit of explicit DTX feedback is the achievement of accurate redundancy version (RV) control for DL retransmissions when misdetection of the PDCCH for the DL assignments occurs. Furthermore, as described in contributions [14]-[16], the support of DTX is important for conducting outer-loop PDCCH power control or CCE-aggregation-size control. Because of these advantages, DTX feedback is widely utilized in the Rel-8/9 network implementation and it is desired that this mechanism be reused as much as possible for commonality to Rel-8/9 networks. The disadvantage of having no DTX will be more serious for single codeword (CW) transmission. This is because PDCCH will be more erroneous for 1 CW transmission than for 2 CW transmission, particularly at the cell edge. Another reason is that the interpretation of the NACK/NACK state of 2 CW transmission as DTX may not be a problem due to the very low probability of being in a NACK/NACK state. Hence, the support of explicit DTX for 1 CW is desirable although there is a trade-off between performance and support of the explicit DTX.
(4) Required SNR to meet A/N performance requirements

Generally, a good level of A/N performance is preferred. However, the A/N performance is dependent on other design criteria as mentioned above. Thus, the trade-off should be carefully considered.
(5) Equalization of individual A/N bit performance will be considered 

In terms of bit equalization of individual A/N bit performance, the performance for a bit that provides the worst level should be investigated together with the average A/N performance.
2.2
Proposed Mapping Table

Based on the above discussion, the design criterion we would like to give the highest priority to is the support of fallback to Rel-8/9 PUCCH format 1a/1b for the sake of safe operation in Rel-10 networks. We would also like to give high priority to full support of implicit resource allocation in order to reduce the overhead of resource allocation. In addition to these, the support of explicit DTX is desirable. One of the candidates satisfying these design criteria is shown in Fig. 1. In this table, the mapping table for Rel-8/9 PUCCH format 1a/1b is fully reused for both 1 and 2 CW cases when only the DL PCC is assigned. The table also shows that the implicit resource allocation is fully supported. For the mapping table of 2 A/N bits, channel 1 (Ch 1) is implicitly derived from the PCC while Ch 2 is implicitly derived from the SCC. For the mapping table of 3 A/N bits, two kinds of resource allocations can be considered as shown in Fig. 1. In the case of 2 CW transmission on the PCC and 1 CW transmission on the SCC, Ch 3 is implicitly derived from the SCC while it is implicitly derived from the PCC for 2 CWs on the PCC and 1 CW on the SCC. For the mapping table of 4 A/N bits, Ch3 and Ch4 are implicitly derived from the PCC and SCC, respectively. As for explicit DTX, it is explicitly mapped for the case of a single CW on the PCC. However, regarding the explicit DTX and the A/N performance, we need to investigate carefully the performance.
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Figure 1 – Proposed mapping table for channel selection
3. Comparison of Proposals
3.1
Performance Evaluation
Table II in the Appendix gives the simulation parameters based on [17]. The system bandwidth of 10 MHz is assumed for the Enhanced Pedestrian-A (EPA) channel. The terminal speed of 3 km/h at the carrier frequency of 2 GHz is assumed. The threshold for DTX detection is determined such that the probability of the PUCCH DTX being detected as ACK becomes 1%. In the evaluation, the following three requirements are considered.
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Regarding the DTX detection and A/N detection, we employ joint DTX and A/N detection [15],[18]. Figures 2(a) and 2(b) show the required received SNR satisfying requirements (1)-(3) as a function of the number of A/N bits. Figures 2(a) and 2(b) show the average performance for all the bits and the performance of a bit that provides the worst performance, respectively. For reference, the performance of format 1b that supports 2-bit A/N in Rel-8/9 LTE is also plotted. Discussion based on the performance of the worst bit seems appropriate since the worst bit contributes to the requirement. For the case of 2 A/N bits, the performance levels of the mapping table proposed by CATT, NTT DOCOMO, and Qualcomm are degraded since the QPSK constellation for two resources (NTT DOCOMO), or for one resource (CATT and Qualcomm) is used to introduce the explicit DTX state. However, these performance levels are still better than or equal to that for Rel-8/9 format 1b. On the other hand, in the case of 4 A/N bits, a few mapping tables, e.g., CATT and ZTE in the worst bit case, do not achieve a good bit-equalization property resulting in worse performance than that for Rel-8/9 format 1b. 
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Figure 2 – Required SNR for A/N mapping table for channel selection
3.2
Discussion

Table I summarizes the proposals from each company from several viewpoints and shows our preference. The design criterion that we give the highest priority to is to support the fallback to Rel-8/9 PUCCH format 1a/1b. The mapping tables proposed by LGE, NTT DOCOMO, Panasonic, and Qualcomm fully support the fallback to PUCCH format 1a/1b and those proposed by Huawei, Nokia, and Samsung support the fallback to PUCCH format 1a only. However, there is no clear difference observed in the required SNR between the methods that supports fallback and those that do not. Hence, in our view, the mapping tables that support fallback to Rel-8/9 PUCCH format 1a/1b should be down selected. 
In terms of full support of implicit resource allocation, the same observation is made, i.e., there is no degradation in the required SNR by introducing full implicit resource allocation. Thus, the full implicit resource allocation should also be supported through 2-4 A/N bits. The mapping tables proposed by LGE, NTT DOCOMO, Panasonic, and Qualcomm also support this in addition to the fallback property.
In addition to the above two design criteria, support for explicit DTX is desired as much as possible since the explicit DTX will be widely used in the Rel-8/9 network/implementation. The mapping table proposed by NTT DOCOMO supports explicit DTX for 1 CW transmission on the PCC by mapping it to the unused constellation points. On the other hand, the mapping tables by Panasonic and Qualcomm partially support DTX in conjunction with NACK although there is a difference between the two proposals. The mapping table proposed by Panasonic supports a DTX/NACK state for 2-bit mapping table by means of not transmitting this state. However, the way of supporting explicit DTX should be carefully investigated taking into account the trade-off for the required SNR. 
Table I – Summary of Proposals and DOCOMO Preference
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4. Conclusion

In this contribution, we presented our views on the mapping pattern for PUCCH format 1b with channel selection. Based on the design criteria and discussion, our proposal is summarized below:
· Support for fallback to Rel-8/9 PUCCH format 1a/1b should be baseline since there is no loss in the required SNR.
· Full implicit resource allocation should also be supported through 2-4 A/N bits since there is no loss in the required SNR.
· Based on the above optimizations, the way of supporting explicit DTX should be considered, taking into account the performance, in order to maintain commonality with the Rel-8/9 network and in terms of implementation.
Current our preference is for the mapping tables proposed by LGE, NTT DOCOMO, Panasonic, and Qualcomm.
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Appendix

Table II – Simulation Conditions
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(c) 4-bit
Figure 3 – Error probability of channel selection (CATT)
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(c) 4-bit
Figure 4 – Error probability of channel selection (Huawei)
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(c) 4-bit
Figure 5 – Error probability of channel selection (LGE)
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(c) 4-bit
Figure 6 – Error probability of channel selection (Nokia)
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         (a) 2-bit                                                             (b) 3-bit
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(c) 4-bit
Figure 7 – Error probability of channel selection (NTT DOCOMO)
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         (a) 2-bit                                                             (b) 3-bit
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(c) 4-bit
Figure 8 – Error probability of channel selection (Panasonic)
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         (a) 2-bit                                                             (b) 3-bit
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(c) 4-bit
Figure 9 – Error probability of channel selection (Qualcomm)
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         (a) 2-bit                                                             (b) 3-bit
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(c) 4-bit
Figure 10 – Error probability of channel selection (Samsung)
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         (a) 2-bit                                                             (b) 3-bit
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(c) 4-bit
Figure 11 – Error probability of channel selection (ZTE)
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