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1. Introduction

ACK/NACK transmission schemes for supporting carrier aggregation have been discussed in several contributions [1-12]. Through the discussions, following alternatives for ACK/NACK transmission schemes have been proposed.

· Multi-sequence transmission

· Channel selection

· CC Bundling
Although further reduction of the transmission schemes might be useful from the standardization efforts perspective, we think support of all the above transmission schemes is essential for accommodating various scenarios efficiently as discussed in a companion contribution [1].

In this contribution, we focus on the channel selection scheme, which is useful to support DL carrier aggregation with efficient HARQ feedback in the middle SINR region maintaining single carrier properties, and further discuss how to efficiently support the channel selection considering possible misalignment period of the understanding b/w eNB and UEs. This is a resubmission document of R1-100364.
2. Discussion

Throughout this contribution, we assume that the number of available PUCCH resources for UL ACK/NACK is equal to the number of the DL CCs, and DL spatial multiplexing is not taken into account for the simplification of the discussion. The number of DL CCs to be monitored by the UE is semi-statically configured to the UE and PDCCH and DL data are sent via the DL CCs configured to the UE.
2.1. Issue for reusing rel-8 TDD ACK/NACK multiplexing scheme to the channel selection

Although many companies consider the reuse of the TDD ACK/NACK multiplexing scheme is sufficient for supporting channel selection up to 4 DL CCs, we see some issues which was not the case for TDD.
2.1.1 Ambiguity of the configured/activated number of DL CCs due to the process delay and/or signal receiving errors
Unlike the asymmetry of the UL/DL subframe configuration in rel-8 TDD, the asymmetry of the DL/UL component carrier in carrier aggregation is dedicatedly signalled to the UE. Further, RAN2 considers the activation and de-activation of the component carriers configured to the UEs depending on the needs.
Since, in the rel-8 TDD ACK/NACK multiplexing scheme, the number of UL ACK/NACK information is determined by the UL/DL subframe configuration, there would not be any misalignment of the understanding between eNB and UEs about the UL/DL subframe asymmetry when UEs start to send UL ACK/NACK signals.

However, for the ACK/NACK channel selection case, there would be some uncertainty periods of the understanding between eNB and the UE about the configured/activated UL/DL CC asymmetry. Such misalignment may happen due to the processing delay of the UEs and/or signal receiving errors for carrying reconfiguration/activation messages.
We propose to determine the channel selection mapping based on the RRC configuration than MAC or PDCCH based configuration. This can reduce the possibility of the misalignment caused by the processing delay and/or receiving error. Our understanding is that "configured component carriers" means “component carriers which are configured by RRC” and "activated component carriers" means “component carriers which are activated by MAC or PDCCH” in RAN2 discussion. 
2.1.2 Effects of the uncertainty period on the system behaviour
In the previous section, we proposed to determine the channel selection mapping based on RRC signalling. However, there are still some issues to be carefully considered.

Figure 1 shows the behaviour around RRC reconfiguration message. UE changes the ACK/NACK mapping based on RRC configuration after the successful reception of RRC reconfiguration message. According to section 11 of [13], which specifies processing delay requirements for RRC procedures, UE would change the parameter around the order of 15ms. However, eNB does not know the exact timing when the UE changes the parameters. Since several constellation points for UL ACK/NACK in different DL CC configuration may have different meaning, eNB should wait some explicit confirmations from UE whether UE has changed the ACK/NACK mapping or not.
To use RRC level confirmation like “RRCConnectionReconfigurationComplete” is most reliable for this purpose; however, this would further increase the uncertainty period by the order of additional 10-20ms. This may lead the delay of the channel set-up procedure; hence, we think to reduce the uncertainty period is important from the TCP flow control perspective.
To use L1 HARQ-ACK for the reception of RRC reconfiguration as the explicit confirmation can minimize the length of uncertainty period; however, this requires L1 HARQ-ACK should be sent before the RRC reconfiguration at UE side, and the reliability of L1 HARQ-ACK based confirmation may not be sufficient. If eNB misunderstands L1 HARQ-ACK from the UE, eNB and UE have the different understanding of the ACK/NACK mapping, and the recovery procedure for this misalignment takes a long time. In addition, RRC-MAC specific interaction within the eNB would be required to realize this.
Therefore, we think to ensure ACK/NACK procedure during RRC reconfiguration procedures is important.
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Figure 1 RRC reconfiguration procedures
2.2. Proposed modifications of ACK/NACK multiplexing mapping for channel selection up to 3 DL CCs configuration
If we just reuse the UL ACK/NACK mapping in rel-8 TDD multiplexing for channel selection case, there would be the problems for the understanding about the DL data reception status between eNB and the UE during above “misalignment” period. This may leads some issues as explained in the previous section.
However, such problems can be solved by designing the channel selection mapping as follows.

· The constellation point for the ACK/NACK signal is determined by the number of successfully received DL data, and is not changed according to the number of configured CC
· For the 2 DL CCs case, PUCCH resource which carries ACK/ACK information is identical to the pair of DL CCs where the UE received PDCCHs
An example of the channel selection mapping based on these strategies is shown in figures 2 to 4. As elaborated in the Annex, up to 3 DL CCs, such mapping strategies can avoid the misunderstanding of the DL data reception status even when the UE and eNB has different misunderstandings about the number of configured DL CCs. (i.e., even during misalignment period)
Hence, we propose to modify the mapping up to 3 DL CC cases as shown in figures 2 to 4, in order to avoid any misunderstanding about the data reception status at UE sides between UE and eNB even in the “misalignment” period. Moreover, by this mapping, PUCCH resource and constellation point for the feedback signal is only dependent on the received PDCCH; hence, in these figures, we do not indicate the “DTX” status in the UE’s mapping rules.
Although the proposed channel selection can accommodate only up to 3 DL CCs cases, such design can be extended to up to 5 DL CCs by utilizing CC bundling and/or multi-sequence transmission of the PUCCH. We think the proposed channel selection mapping is a good start point since the channel selection design should be optimized for such small number of DL CCs (i.e., 1 to 3).
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Figure 2 Mapping rules in case that UE/eNB understands that one DL CC is configured
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Figure 3 Mapping rules in case that UE/eNB understands that two DL CCs are configured
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Figure 4 Mapping rules in case that UE/eNB understands that three DL CCs are configured

2.3. ACK/NACK channel selection mapping alternatives for 4 DL CCs

In section 2.1, we discuss the channel selection mapping rules when number of DL CCs are smaller than 4, since we think the channel selection design should be optimized for such small number of DL CCs. In this subsection, we further discuss how to support larger number of DL CCs based on the proposed mapping strategies.
2.3.1 Alternative 1: Single carrier transmission

Here, we focus on maintaining the single carrier properties in case of channel selection with 4 DL CCs

Alternative 1-1 : Partial CC bundling and reuse the mapping for DL CCs = 3  

In this alternative, the mapping rules are the extension from the rules for 3 DL CCs case. In order to support 4 DL CCs configuration, partial bundling of 2 ACK/NACK information out of 4 ACK/NACK is utilized.

Although HARQ efficiency is degraded due to partial bundling, it has the merit that there would not be any misunderstanding of DL data reception status between eNB and UEs even in “misalignment” period.
Alternative 1-2 : Define the similar mapping as TDD ACK/NACK multiplexing

In this alternative, the mapping rules are defined independently from the 1 – 3 DL CC cases as shown in figure 5. This mapping has the merit that no ACK/NACK information is dropped; however, when eNB changes the configuration of the number of DL CCs to 4, there would be some misunderstanding of the DL data reception status during above “misalignment” period.

However, when 4 DL CCs are configured to the UEs, we can assume that the channel conditions of the UE are quite good and HARQ retransmission of the RRC message may not happen so frequently, so the “misalignment” period may be very short. In addition, in such a condition, L1 ACK-to-NACK error in uplink would not occur frequently. Hence, this alternative should also be carefully studied.
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Figure 5 Mapping rules in case that four DL CCs are configured (Alternative 1-2)
2.3.2 Alternative 2: multi-sequence transmission (Parallel channel selection)
Since we can assume that the channel conditions of the UE which is configured to use 4 DL CCs are quite good, it would be possible to utilize multi-sequence transmission for sending ACK/NACK information.
In this alternative, 4 DL CCs are divided into two groups, and within each group the same channel selection mapping is utilized. This results in the multi-sequence transmission of ACK/NACK information when eNB assigned the DL data to both CC group simultaneously.
2.3.3 Alternative 3: channel selection does not support 4 DL CCs

This alternative simply does not support channel selection for 4 DL CCs. If eNB wants to configure more than 3 DL CCs to the UE, eNB just configure the different ACK/NACK transmission scheme other than channel selection.

However, also in this case, there would be some “misalignment” period about the configured DL CCs between eNB and UEs; hence, the careful design would be necessary.

2.4. ACK/NACK channel selection mapping alternatives for 5 DL CCs

If the number of DL CCs is 5, it would be difficult for support “non-bundled HARQ feedback” and “single carrier transmission” simultaneously by channel selection. In other words, alternative 1-2 in section 2.2.1 is not possible. So, alternative 1-1, 2 or 3 should be considered.
3. Conclusion

In this contribution, we discussed how to support channel selection efficiently. Based on the discussions above, we propose followings.

· Determination of the channel selection mapping is based on the RRC.
· To modify the rel-8 TDD multiplexing mapping for accommodating the possible misalignment period about the understanding of configured DL CCs between eNB and UE

· Further discuss how channel selection can support the configurations of 4 and 5 DL CCs

· Careful study is needed whether we should give up single carrier properties in case that 4 or 5 DL CCs are configured to the UE
It should be noted that, in this contribution, DL spatial multiplexing was not taken into account for the simplification of the discussion. However, all the discussions above can be extended to the spatial multiplexing cases by using spatial bundling.
References
[1] R1-101255, Panasonic, “ACK/NACK transmission schemes for carrier aggregation”
[2] R1-093768, Alcatel-Lucent, “Control Channel Association for DL/UL Asymmetric Carrier aggregation”
[3] R1-093821, ZTE, “ACK/NACK Design for LTE-Advanced”
[4] R1-093838, Huawei, “PUCCH design for carrier aggregation”
[5] R1-093877, Mitsubishi Electric, “On the ACK/NACK signalling in PUCCH for LTE-Advanced”
[6] R1-093905, Nokia Siemens Networks, Nokia, “UL control signalling for carrier aggregation”
[7] R1-093942, Panasonic, “UL ACK/NACK transmission on PUCCH for carrier aggregation”
[8] R1-094083, Samsung, “UL ACK/NAK Transmission in LTE-A”
[9] R1-094131, CATT, “UL ACK/NACK transmission scheme for LTE-A”
[10] R1-094163, LG Electronics, “Uplink ACK/NACK transmission in LTE-Advanced”
[11] R1-094238, NTT DOCOMO, “PUCCH Design for Carrier Aggregation in LTE-Advanced”
[12] R1-094273, Ericsson, “PUCCH transmission for Carrier Aggregation”
[13] TS36.331 
Annex
Here, we elaborate how the modified mapping shown in section 2.1.3 can avoid the misunderstanding about the reception status of the DL data at eNB side even in “misalignment” period. (i.e., even when eNB and UE have different understanding about the number of configured DL CCs).
The most problematic case is that “UE’s understanding about number of DL CCs is 2, whereas eNB’s understanding about number of DL CCs is 3”. In this case, based on the proposed mapping rules shown in figures 1 to 3, the understandings for the UE and eNB sides are summarized as figure 6. As shown in this figure, since both UE and eNB can have the same understandings about the DL data reception status (i.e., ACK/NACK information for each DL TB), there would not be any problems even in the “misalignment” period.
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Figure 6 UEs understanding Mapping rules in case that four DL CCs are configured (Alternative 1-1)
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