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1. Introduction

At the RAN WG1 #70bis meeting, details regarding PUCCH resource allocation for the EPDCCH were intensively discussed [1] - [4]. During the discussion, the focus was on the need for an ACK/NACK resource indicator (ARI) and antenna port (AP) specific offset. Then, it was agreed that no additional RRC bits for the PUCCH resource allocation configuration would be introduced. Therefore, in this contribution, we describe our views on the necessity of these features, especially ARI, for the PUCCH resource allocation from the viewpoint of the PUCCH resource overhead and PUCCH resource collision.
2. PUCCH Resource Allocation for EPDCCH
The PUCCH resource for the PDSCH allocated via the legacy PDCCH is implicitly obtained from the CCE index as
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 is configured by higher layer signaling. Regarding the PUCCH resource for the PDSCH allocated via the EPDCCH, the same approach is applied using the lowest ECCE index provided for each EPDCCH set. With the agreed PUCCH resource starting offset, 
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, for EPDCCH set s, the PUCCH resource for the EPDCCH can be written as
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 is the lowest ECCE index. Using the lowest ECCE index as 
[image: image7.wmf]s

ECCE,

n

 is the most straightforward at least for single-user MIMO. For multi-user MIMO, it was also proposed that an offset value associated with the demodulation reference signal (DM-RS) AP could be further added, or 
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 can be another CCE index associated with the DM-RS AP. 
Figure 1 shows an example of configuring multiple EPDCCH sets per UE. Since multiple EPDCCH sets are configured via UE-specific higher layer signaling, a different EPDCCH set is assigned to a different group of UEs. In Fig. 1, as a result, 3 EPDCCH sets are seen from the network (NW) perspective while only 2 EPDCCH sets are seen from the UE perspective. In such a case, the method for selecting a set specific offset, 
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, is important. 
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Figure 1 – Example of EPDCCH configuration.
3. PUCCH Resource Offset for Multiple EPDCCH Sets 

3.1
Semi-static PUCCH Resource Offset
Based on the discussion in Section 2, we consider the following 2 approaches to determine a semi-static offset.
· Approach 1: A set specific offset that avoids PUCCH resource collisions 
In approach 1, each offset value is determined so that PUCCH resource collisions among all the EPDCCH sets do not occur as shown in Fig. 2. However, excessive very high PUCCH resource overhead is required. Particularly, when the number of PRB pairs per set, i.e., the number of ECCEs, is large, the issue regarding PUCCH resource overhead becomes serious.
· Approach 2: A set specific offset that reduces the PUCCH overhead
In approach 2, the same set specific offset is used among different EPDCCH sets to minimize the PUCCH overhead as shown in Fig. 3. Although the PUCCH overhead is lower, the PUCCH resources of different EPDCCH sets collide with each other since the ECCE indices, 
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, of different EPDCCH sets are the same. 

Observation: Semi-static PUCCH resource offset for each EPDCCH set is not sufficient to avoid PUCCH resource collision while reducing the PUCCH resource overhead.
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Figure 2 – PUCCH resource indexing when the PUCCH resource collisions is avoided.

[image: image13.emf]EPDDCH set #1 

ECCEs #1 ~ #16

EPDDCH set #2 

ECCEs #1 ~ #16

PDCCH CCE 

index

EPDDCH set #2 

ECCEs #1 ~ #16

Resource collision occurs

Offset

N

1

Offset

N

2

PUCCH 

resource index

Offset

N

3


Figure 3 – PUCCH resource indexing when the PUCCH overhead is minimized.

3.2
Dynamic PUCCH Resource Offset
In order to avoid PUCCH resource collision while reducing the PUCCH overhead, the use of an ARI that indicates dynamically the offset value would be beneficial [5], [6]. Since it was agreed that no RRC signaling is introduced for PUCCH resource allocation, the values indicated by the ARI are to be fixed in the specification if supported. There are the two alternatives to determine these values. 

Alt. 1: Large ARI values such as (+-) 8, 16,…
· Large ARI values will be beneficial to reduce the PUCCH overhead when a set specific offset value is large as well and is determined to avoid PUCCH resource collisions among all the EPDCCH sets in the same way as approach 1. For instance, when only EPDCCH set #3 is used and EPDCCH sets #1 and #2 are not used in Fig. 2, an ARI value of ‘-32’ would be an appropriate value to reduce the PUCCH overhead. In this way, the PUCCH overhead can be reduced when more than two sets are used from the NW viewpoint. However, fixing four values may cause a loss in flexibility since the number of ECCEs per set varies depending on the PRB configuration. Furthermore, when 2 EPDCCH sets are used from the NW viewpoint and EPDCCH set #1 is prioritized, there is no advantage. 
Alt. 2: Small ARI values such as (+-) 1, 2, …
· Small ARI values will be beneficial to avoid PUCCH resource collisions when the same set specific offset is used among different EPDCCH sets to minimize the PUCCH overhead in the same way as approach 2. If the same ECCE index is used for the EPDCCH transmission, the PUCCH resource index is shifted by the ARI value of ‘1’. Although this alternative cannot perfectly avoid PUCCH resource collisions, the problem is lessened to a large extent [7]. Furthermore, for the EPDCCH transmission, since the probability of more than one ECCE being used would be higher than that for the legacy PDCCH, the effectiveness of the ARI will be enhanced. A small ARI value could also be used to avoid PUCCH resource collisions for MU-MIMO or SORTD. 
For both alternatives, the ARI value of ‘0’ should be supported as a default value. From the discussion above, our preference is to use small ARI values such as [-1, 0, +1, +2] if the 2-bit ARI is supported.
4. Conclusion

In this contribution, we investigated the necessity of the ARI in PUCCH resource allocation for the EPDCCH. In order to reduce dynamically the PUCCH overhead while avoiding PUCCH resource collisions among multiple EPDCCH sets, the use of ARI is considered to be beneficial. As a consequence of the discussion, we draw the following conclusion.
Observation: Semi-static PUCCH resource offset for each EPDCCH set is not sufficient to avoid PUCCH resource collision while reducing the PUCCH resource overhead.

Proposal: The 2-bit ARI to indicate a value of [-1, 0, +1, +2] should be supported.
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