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1. Introduction

At the RAN1#60 meeting, it was agreed that a single UE-specific UL component carrier (CC) would be configured semi-statically to carry the PUCCH ACK/NACK (A/N), scheduling request (SR), and periodic channel state information (CSI) from a UE. Furthermore, according to the agreements at the RAN1#58bis meeting, the following two A/N transmission schemes should be supported in Rel. 10.
· Full A/N transmission: One A/N for each DL CC transport block should be supported.
· Limited A/N transmission: Limited A/N transmission for the DL CC transport blocks should be supported for power limitation.
In [1], we proposed adopting a joint coding based scheme such as PUCCH format 2 or a new PUCCH format for the full A/N transmission, and proposed supporting limited A/N transmission based on the channel selection reusing PUCCH format 1a/b. Based on these proposals, this contribution presents further discussions from the viewpoint of radio resource assignments for each A/N transmission scheme.
2. Resource Assignments for Joint Coding Based Scheme

The PUCCH resources for the full A/N transmission using the joint coding of multiple A/N bits can be explicitly assigned using RRC signaling and semi-statically reserved for each UE. As presented in [2], Rel. 8 PUCCH resources can be used when DL assignment is only on the primary CC (PCC). The radio resources semi-statically reserved for joint coding are used only when the DL assignment includes at least one secondary CC (SCC). Therefore, in order to reduce the total amount of reserved resources, the same radio resources for joint coding may be assigned to multiple UEs as shown in Fig. 1. This means that DL assignments including the DL SCC are applied to only a single UE from among the UEs sharing the same radio resource for A/N transmission within a subframe. Therefore, to provide more scheduling flexibility and avoid collision of the A/N transmissions between UEs, we suggest a combination of the following approaches.
Approach 1: Send A/N on the PUSCH (piggy back).

Approach 2: Apply additional dynamic resource indication using the PDCCH [3],[4].

As we presented in [5], Approach 1 should be supported to retain a way to keep the single-carrier property. However, since Approach 1 is not a perfect solution to avoid the collision of A/N transmissions between UEs when considering the misdetection of the UL grant, additional support for Approach 2 is beneficial. As indicated in [3], we can consider reusing the TPC command for the DL SCC.

Proposal 1: Radio resources for joint coding based A/N transmission are explicitly assigned for each UE using RRC signaling.

Proposal 2: For the explicit resource assignments, additional dynamic resource indication using the PDCCH is beneficial.

[image: image1.emf]0 1

2 3

Slot

Time

Frequency

4

PUSCH PUSCH

PUSCH PUSCH

4

3

1 0

2

5

5

Resource block for 

full A/N transmission

Code 

multiplexing

One code resource 

reserved for multiple UEs


Figure 1 – Explicit resource assignment for joint coding based A/N transmission
3. Resource Assignments for Channel Selection Based Scheme

Regarding the channel selection based scheme, implicit resource assignment adopted in Rel. 8 LTE is valid at least when only the DL PCC is used to send the PDCCH by configuring the carrier indicator field (CIF) as shown in Fig. 2.
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Figure 2 – Implicit resource assignments for channel selection when CIF is configured

However, in order to support other carrier aggregation scenarios, an additional mechanism based on implicit, explicit, or hybrid resource assignment is required [6]. Although we do not see a significant difference among the schemes, explicit resource assignment (with dynamic resource indication) is slightly preferred.
Proposal 3: For channel selection based A/N transmission, implicit resource assignment is used at least when only the DL PCC is used to send the PDCCH by configuring the CIF.

Finally, in order to retain a way to keep the single-carrier property, limited A/N transmission on the PUSCH (piggy back) is also to be supported.
Proposal 4: Piggy back onto the PUSCH should be supported irrespective of A/N transmission schemes.

4. Conclusion

This contribution presented further discussions from the viewpoint of radio resource assignments for each A/N transmission scheme. Our current proposals are as follows.

Proposal 1: Radio resources for joint coding based A/N transmission are explicitly assigned for each UE using RRC signaling.

Proposal 2: For the explicit resource assignments, additional dynamic resource indication using the PDCCH is beneficial.

Proposal 3: For channel selection based A/N transmission, implicit resource assignment is used at least when only the DL PCC is used to send the PDCCH by configuring the CIF.

Proposal 4: Piggy back onto the PUSCH should be supported irrespective of A/N transmission schemes.
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