Page 1

3GPP TSG RAN WG1 #72
R1-130575
January 28th – February 1st, 2013
St. Julian’s, Malta
Agenda item:
7.2.3
Source: 
Qualcomm Incorporated
Title: 
On remaining issues for PUCCH resource allocation for EPDCCH in TDD
Document for:
Discussion and Decision
1
Introduction
In RAN1#71, good progress was made regarding PUCCH resource allocation for EPDCCH in TDD. In this contribution, we discuss some remaining issues for this topic. 
2
Discussion
In RAN1#71, it was agreed that:
· 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

· The four values are [-2], [-1], 0, 2. 

· 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
There are three open issues:

· Usage of ARO when DAI>1 and the UE is configured with format 3

· The first two values for ARO

· How to handle the case when only a subset of subframes in a bundling window are configured for EPDCCH for a UE

2.1
Using of ARO when DAI>1 and the UE is configured with PUCCH Format 3

In Rel-8, accumulative power control using the 2-bit TPC information field from DCIs in the one or more DL subframes of the same association set for PUCCH is supported. In Rel-10, in order to provide ACK/NAK resource indication for more efficient PUCCH format 3 management, the 2-bit TPC is re-interpreted as ACK/NAK resource indication (ARI) in a DCI with DAI>1. The 2-bit TPC in a DCI with DAI=1 is still used for PUCCH format power control. 

In Rel-11, due to the introduction of the 2-bit ARO, it becomes an open issue whether the 2-bit ARI with DAI>1 can be restored as the 2-bit TPC commands for accumulative power control. Note that for FDD, the following was agreed:

· 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 

For TDD, we have two options:

· Alt 1: Same as FDD, i.e., Rel-10 ARI is used, and the ARO field is set to all zeros
· Alt 2: Restore the TPC function when DAI>1 and the ARO field is used as ARI.
With Alt 2, the accumulative power control function for PUCCH can be re-stored. However, with PUCCH format 3 configured for the UE, it is unclear about the additional benefits of restoring accumulative power control compared with Rel-10. With Alt 1, the same commonality between FDD and TDD can be maintained, and the 2-bit ARO can be used as virtual CRC for additional control channel false alarm reduction.
As a result, Alt 1 is slightly preferred.

2.2
Values of ARO and Handling of Subframe-Dependent Presence of EPDCCH for a UE
These two open issues are somewhat correlated, since both targets PUCCH overhead management.
Among the four possible values by ARO, 2 of which were already agreed, namely, 0 and 2. For the remaining two values, there are a few options:
· Alt 1: Same as FDD, i.e., {-2, -1}.
· Alt 2: Tied with the number of ECCEs in a set/subframe, e.g., {-NECCEm,j, NECCE,m,j}, where m=0, 1, .., M-1,  is the index of the set of M DL subframes of the same association set and j=0,1 is the EPDCCH resource set index.
· Alt 3: Tied with the starting offsets configured for the two EPDCCH resource sets, e.g., {N(1)PUCCH,0 – N(1)PUCCH,j, N(1)PUCCH,1 - N(1)PUCCH,j}, where the subscript j is the EPDCCH resource set index.
Additional options are certainly possible as well. 
Among the three options, Alt 1 is the simplest and targeting more efficient PUCCH resource management for a given subframe as in the FDD case. Alt 2 and Alt 3 targets some PUCCH resource overhead compression across-subframes when there are only a subset of subframes configured for EPDCCH. Note that while EPDCCH is configured on a per UE basis, it is expected that in practice, the management of EPDCCH resource is more or less cell-specific. As a result, it is quite likely that the presence of EPDCCH is a subframe is more or less common to the UEs in a given cell. As a result, the accumulation of ECCE indices (i.e., the formula mentioned earlier
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) can be based on the set of EPDCCH subframes configured for the UE. Note also that Alt 2 and Alt 3 may sacrifice some flexibility in managing PUCCH resource from a single subframe perspective since it targets more or less across-subframe/across-subframe resource management. 

Given that, we propose:
· The remaining two values for ARO are defined the same as FDD, i.e., {-2, -1}

· The accumulation of ECCE indices are performed based on the set of configured EPDCCH subframes in an association set for the UE.
3
Conclusions 

In this contribution, we discussed a few remaining issues for PUCCH resource allocation for EPDCCH in TDD, and we propose that:
· When PUCCH format 3 is configured, the handling of ARO is the same as FDD, i.e., Rel-10 ARI is used, and the ARO field is set to all zeros
· The remaining two values for ARO are defined the same as FDD, i.e., {-2, -1}

· The accumulation of ECCE indices are performed based on the set of configured EPDCCH subframes in an association set for the UE.
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