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1 Introduction
The agreement on PUCCH resource allocation for EPDCCH-scheduled PDSCH in TDD in RAN1#71 was as follows [1]:

	Agreement:

· 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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· 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


Above three FFS points were extensively discussed in the email discussion [71-10]. The proposed conclusions from the chairman are as follows:

	· Agree that the four ARI values are {[-2], [-1], 0, 2}.  (i.e. the values 0 and 2 are agreed).
· For the other aspects:

· [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 show our view on the PUCCH resource allocation for EPDCCH-scheduled PDSCH in TDD. 
2 Discussion on remaining FFS aspects
In this section, we first discuss our proposal on the procedure when UE is configured not to monitor EPDCCH in some of the subframes within the same bundling window in Section 2.1. Then, the ARO values for TDD are proposed in Section 2.2. Finally, in section 2.3, we show our view on the usage of ARO when DAI>1 and the UE is configured with PUCCH format 3.
2.1 Procedure when UE is configured not to monitor EPDCCH in some of the subframes within the same bundling window
In TDD, as shown in the introduction, it was agreed that the PUCCH resource depends on 
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. Therefore, PUCCH resource pools corresponding to different subframes within the same bundling window for the same EPDCCH set are always orthogonal. Since semi-static offset values corresponding to different EPDCCH sets are independently configured, the clusters of PUCCH resource pools can be allocated overlapped or orthogonalized each other. Simple examples are illustrated in Fig.1.
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Fig.1.  Two examples of PUCCH resource allocation in TDD for EPDCCH.

In Rel.11, a UE can be configured not to monitor EPDCCH in some of the DL subframes [2]. For the case when UE is configured not to monitor EPDCCH in some of the subframes within the same bundling window, we have two options:

Option 1: PUCCH resource pools corresponding to all the DL subframes within a bundling window are reserved, even if some of them are configured not to monitor EPDCCH (Fig.2-1).
Option 2: PUCCH resource pools corresponding to some of the DL subframes within a bundling window are NOT reserved, if they are configured not to monitor EPDCCH (Fig.2-2).
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Fig.2-1.  Two examples of PUCCH resource allocation in TDD for EPDCCH (option 1).

[image: image5.emf]Subframe

D

D D

D

U

PUCCH resource index

EPDCCH set-specific offsets (orthogonal)

EPDCCH set 1

EPDCCH set 2

Subframe

D

D D

D

U

PUCCH resource index

EPDCCH set-specific offsets (overlap)

EPDCCH set 1

EPDCCH set 2


Fig.2-2.  Two examples of PUCCH resource allocation in TDD for EPDCCH (option 2).

The EPDCCH non-monitoring subframe pattern can be similar (or the same) among UEs in a cell if the reason of the configuration is for MBMS subframe avoidance or other cell level configuration case. On the other hand, the EPDCCH non-monitoring subframe pattern can be different among UEs if the reason of the configuration is for alleviating congestion of PDCCH UE-specific search space. Note that because PDCCH is more robust than EPDCCH because of CRS and higher diversity order, occasional reception of PDCCH for EPDCCH configured UE is useful for robustness perspective. Other use case of different configuration among UEs in a cell is for CoMP and (f)eICIC. Both cell common and UE individual way of the operation for EPDCCH non-monitoring subframe are possible by dedicated UE RRC signalling.
If EPDCCH non-monitoring subframe patterns are different among UEs in a cell, option 2 becomes quite complicated. PUCCH resources of different UEs corresponding to different DL subframes are allocated within the same PUCCH resource pool. This means PUCCH collision may occur even in the same EPDCCH set, and hence, eNB need to coordinate PUCCH resource allocation (and EPDCCH scheduling) across multiple DL subframes within the EPDCCH set. In order to avoid such additional complexity increase, we propose to adopt option 1, i.e. PUCCH resource pools corresponding to all the DL subframes within a bundling window are reserved, even if some of them are configured not to monitor EPDCCH. 
Proposal 1:
PUCCH resource pools corresponding to all the DL subframes within a bundling window are reserved, even if some of them are configured not to monitor EPDCCH

2.2 Values for ARO for TDD

The ARO values {-2, -1, 0, 2} were already agreed for FDD, but according to the proposed agreements by the chairman, -2 and -1 are still not agreed for TDD. As mentioned in Sect.2.1, another issue appears in TDD; that is, if option 1(PUCCH resource pools are reserved even not to monitor EPDCCH) is adopted, unwanted reservation of PUCCH resource pool(s) which corresponds to EPDCCH non-monitoring subframe(s) is (are) reserved and could be the large overhead.

In order to solve the issue, we propose to use the ARO. At least one of ARO indications should be a large negative offset value. The exact amount of offset should be the same as the total number of eCCEs within the EPDCCH set in the DL subframe. This realizes to reduce the PUCCH overhead, where the reduced resource amount could be the same as a PUCCH resource pool.
However, it is better to have an ARO offset “-1” which effectively solves the PUCCH collision except for the aggregation level is 1. Therefore, we propose to replace “-2” of the ARO offset value by 
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 when the EPDCCH is received in the subframe i in the EPDCCH set j. 
Proposal 2:

ARO values for TDD are {
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2.3 Usage of ARO when DAI > 1 and the UE is configured with format 3
Even when DAI>1 and the UE is configured with PUCCH format 3, the newly added 2-bit ARO field exist always. Some companies consider to use the ARO field as ARI or TPC command in this case, since in Rel.10 mechanism, TPC command is interpreted as ARI-field and hence dynamic power control by TPC command is not available. However, we consider the current TPC procedure sufficiently works well even in this case and we do not see a strong need for this, at least for Rel.11 operation. Therefore, we propose that the ARO-field is set zeros when DAI>1 on PCell and the UE is configured with PUCCH format 3. When channel selection and carrier aggregation are configured, for the case of M>2, ARO-field on PCell should also be set as zeros.
Proposal 3:

ARO-field is set zeros when DAI>1 and the UE is configured with PUCCH format 3

3 Conclusion
In this contribution, we propose following for PUCCH resource allocation for EPDCCH-scheduled PDSCH in TDD:
Proposal 1:

PUCCH resource pools corresponding to all the DL subframes within a bundling window are reserved, even if some of them are configured not to monitor EPDCCH

Proposal 2:

ARO values for TDD are {
[image: image8.wmf]j

i

eCCE

N

,

,

-

, -1, 0, 2}
Proposal 3:

ARO-field is set zeros when DAI>1 and the UE is configured with PUCCH format 3

References 

[1] 3GPP RAN1#71, Chairman’s note
PAGE  
3GPP
4/4

_1419664895.unknown

_1419688062.unknown

_1419688069.unknown

_1419229532.unknown

