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1. Introduction
PUCCH format 1a/1b resource allocation for HARQ-ACKs corresponding to PDSCH transport block scheduled via EPDCCH has been discussed in the 3GPP RAN1#71 meeting. Several agreements have been made as below with some FFS points:

· For FDD, the PUCCH resource 
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 is the PUCCH resource offset associated with EPDCCH set with index ‘j’
· Regardless of the minimum aggregation level of EPDCCHs in the EPDCCH set is 1 or 2 ECCE, 
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is determined for localized and distributed EPDCCH, respectively, as: 
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is the index of the first ECCE of an EPDCCH transmission in the EPDCCH set with index j; 
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is the number of ECCEs per PRB; 
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 is determined from DMRS port used to demodulate EPDCCH; 
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· Explicit 2-bit Ack/Nack resource offset (ARO) indication is always present for all the DL DCI formats that are carried by EPDCCH
· For EPDCCH transmitted on SCell, the resource allocation mechanisms are the same as Rel-10
· Rel-10 ARI is used
· The ARO field is set to all zeros
· The ARO field is not included in DCI formats 0 or 4
· Regardless if Rel-11 UE specific value of 
[image: image12.wmf])

1

(

PUCCH

N

 for CoMP operation is configured or not, Eq 1. is used for DL grants received on EPDCCH
· For TDD, for the case when UE is configured to monitor EPDCCH in all the subframes within the same bundling window, in addition to the terms present in the resource determination formula for FDD, for TDD the PUCCH resource depends also on: 
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 , where NeCCE,i,j  is equal to the number of eCCEs in subframe i in the EPDCCH set j configured for that UE, and m (0...M-1) is the relative index of the DL subframe of the PDSCH scheduled by EPDCCH

· The 2-bit ARO field is present also in TDD

· FFS: The definition of values for ARO for TDD (some examples listed below):

· Alt 1: same as in FDD

· Alt 2: {0, 2, -NeCCE,m,j, NeCCE,m,j}

· Alt 3: {0, 2, N(1)PUCCH,0 – N(1)PUCCH,j, N(1)PUCCH,1 - N(1)PUCCH,j}

· Alt 4: {0, -NeCCE,0,j, - (NeCCE,0,j + NeCCE,1,j ) ,  - (NeCCE,0,j + NeCCE,1,j + NeCCE,2,j ) }

· ….

· For carrier aggregation, the presence or usage of ARO is defined similarly as for FDD

· FFS: usage of ARO when DAI > 1 and the UE is configured with format 3

· FFS when UE is configured not to monitor EPDCCH  in some of the subframes within the same bundling window
In the email discussion following RAN1#71 the FFS points were partly fixed, and the tentative agreements (square-bracketed aspects are subject to further discussions in RAN1#72) are

· The four ARO values are {[-2], [-1], 0, 2}, i.e. the values 0 and 2 are agreed

· [The ARO bits are set to zero if DAI>1 and UE is configured with PUCCH format 3]

· [The PUCCH resource allocation is based on all subframes]

In this contribution we present our views on the remaining details related to ACK/NACK resource allocation principles to support EPDCCH operation in Release 11 taking the above agreement into account. 

2. Discussion
2.1 PUCCH resource usage and overhead with TDD and EPDCCH

The ARO in FDD is designed to solve the potential resource collision between multiple EPDCCH sets sharing the same PUCCH resource region. In TDD, the already agreed ARO value 0 and 2 also serve the same purpose. 
When compared to FDD, in TDD the PUCCH resource overhead in a single UL subframe is much higher. This is due to the reason that PUCCH resources for multiple DL subframes in the bundling window are “piled” in one UL subframe, as shown in Figure 1. Since there is no resource interleaving as in Rel-8, a single EPDCCH DL assignment allocation in subframe#3 can lead to full UL overhead of subframe#0/1/2  (i.e.  N_eCCE,0,j  + N_eCCE,1,j  +  N_eCCE,2,j  PUCCH resources need to be reserved, where N_eCCE,m,j  is the number of eCCEs in the EPDCCH set j in the mth subframe of the bundling window), no matter how many of the eCCEs are utilized in these three subframes.This leads to a situation where the PUCCH overhead with EPDCCH operation with TDD is in fact significantly higher than with legacy PDCCH. This would be the case e.g. with the ARO set {-2, -1, 0, 2} as there are no means to dynamically compress the PUCCH resource region with large negative ARO values.      
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Figure 1: Illustration of multi-subframe PUCCH resource arrangement.
Large negative ARO values could be used to dynamically move the HARQ-ACK resource for DL assignment transmitted in mth subframe of the bundling window to the PUCCH region corresponding to one of the previous subframes. As shown in the lower part of Figure 1, for example, for one particular UE, HARQ-ACK resources corresponding to four DL subframes are all moved into PUCCH resources corresponding to the first subframe, thus enabling resource compression among multiple DL subframes in the bundle window. 

The resource compression will in turn ensure flexible resource allocation between PUSCH and PUCCH. It is noted that dynamic HARQ-ACK resources are located in the innermost part of PUCCH (next to PUSCH) and being able to compress HARQ-ACK resource dynamically allows for scheduling PUSCH on those physical resources (PRBs) which would otherwise be reserved semi-statically for HARQ-ACK transmitted on PUCCH.

Observation: Large negative ARO values are necessary for avoiding excessive PUCCH overhead in TDD when EPDCCH is used. 
2.2 Definition of ARO

As discussed above, it is apparent that in addition to values agreed already ({0, 2}), large negative ARO values need to be introduced as well. In the following we present some consideration on the ARO values to select.
We propose that the remaining two ARO values are able provide PUCCH resource compression by means of large negative values. These AROs can be used to offset the HARQ-ACK resource determination so that the HARQ-ACK ends up being transmitted on PUCCH resources corresponding to another DL subframe. Moreover, the remaining values for ARO should depend on the relative DL subframe index m and the number of EPDCCH eCCE in a given EPDCCH set.   
When considering the need for resource compression, two different cases can be identified, namely:
· HARQ-ACK corresponding to EPDCCH transmitted in subframe m = 0, and

· HARQ-ACK corresponding to EPDCCH transmitted in subframe m > 0
For the case m=0 there is obviously little need for further resource compression, and the set ARO values could be used as such i.e. ARO = {-2,-1,0,2}. 

On the other hand, when m>0, two of the ARO values should allow for compressing HARQ-ACKs to PUCCH resource region corresponding to DL subframe n<m. A couple of options could be envisioned: 
· Alt 1: An ARO value results is HARQ-ACK being transmitted on the PUCCH resources corresponding to DL subframe n=0
· Alt 2: An ARO value results in HARQ-ACK being transmitted on the PUCCH resources corresponding to DL subframe n=m-1 (i.e. on HARQ-ACK resources corresponding to the previous DL subframe)

The principle of these two alternatives is shown in Figure 2. The corresponding behaviour can be achieved with following ARO definitions:
· Alt1:  When m > 0:  ARO = 
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· otherwise ARO = C
· Alt2: 
When m > 0:  ARO =
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Where 
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(0...M-1) is the relative index of the DL subframe of the PDSCH scheduled by EPDCCH, j is the index of the EPDCCH set, and C is one of the ARO values {-2, -1} agreed for FDD. Note that with the above formulation in the case when m = 0, the ARO definition is exactly the same as in the case of FDD. 
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Figure 2: PUCCH resource compression with ARO when m > 0
Proposal 1: The two remaining ARO values for TDD are selected from the following options:
· Alt1:  When m > 0:  ARO =
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· Alt2: 
When m > 0:  ARO =
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· otherwise ARO = C
where 
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(0...M-1) is the relative index of the DL subframe of the PDSCH scheduled by EPDCCH, j is the index of the EPDCCH set, and C is one of the ARO values {-2, -1} agreed for FDD.
2.3 ARO when DAI > 1 and UE is configured with format 3
Another point left open after post-RAN1#71 email discussions as the usage of ARO when DAI > 1 and UE is configured with format 3. In our view, since ARO is anyway in place, it would be good to be able to use it for something beneficial. We are not convinced of the benefits of adding two bits into the virtual CRC in this specific case. Instead, we see it as a cleaner solution to have uniform definition for ARO/ARI in both cases DAI=1 and DAI>1 and to allow for using TPC bits for the purpose they were originally intended for. 
Proposal 2: When DAI > 1, ARO bits are used for signalling ARI, and TPC bits are restored for power control commands.
2.4 Resource allocation when UE is configured not to monitor EPDCCH in some of the subframes of a bundling window
Regarding whether to optimize PUCCH resource allocation for the cases when UE is configured not to monitor EPDCCH in some of the subframe, our view is that this is not necessary. It cannot be assumed in general that the _all_ the UEs in the cell would have always the same set of subframes configured of EPDCCH monitoring. Even if there is just one UE having a different monitoring set configured, it makes it very complicated for the eNodeB scheduler to avoid PUCCH blocking. For this reason the PUCCH resource allocation should simply be based on all DL subframes, and no further resource allocation rules are needed for the special case when UE is not monitoring EPDCCH in some of the subframes.
Proposal 3: PUCCH resource allocation does not depend on the number of subframes in which a UE is configured to monitor EPDCCH.
3. Conclusions

In this contribution we discussed the remining TDD-specific aspects related to HARQ-ACK resource allocation for the PUSCH transport blocks scheduled via ePDCCH. Regarding the need for TDD-specific measures to avoid collisions, we make the following observation:
Observation: Large negative ARO values are necessary for avoiding excessive PUCCH overhead in TDD when EPDCCH is used. 
Furthermore, regarding HARQ-ACK signaling details for TDD, following proposal is made:

Proposal 1: The two remaining ARO values for TDD are selected from the following options:

· Alt1:  When m > 0:  ARO =
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· otherwise ARO = C
· Alt2: 
When m > 0:  ARO =
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· otherwise ARO = C
where 
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(0...M-1) is the relative index of the DL subframe of the PDSCH scheduled by EPDCCH, j is the index of the EPDCCH set, and C is one of the ARO values {-2, -1} agreed for FDD.
Regarding the two other open points we propose:

Proposal 2: When DAI > 1, ARO bits are used for signalling ARI, and TPC bits are restored for power control commands.
Proposal 3: PUCCH resource allocation does not depend on the number of subframes in which a UE is configured to monitor EPDCCH.
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