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1 Introduction
PUCCH resource determination for EPDCCH was discussed extensively during the RAN1#70bis meeting. However, the only conclusion was that no additional RRC bits are used for PUCCH resource allocation configuration. Hence, numerous details remain and in this document, we discuss dynamic signaling of PUCCH resource offset by EPDCCH and use of antenna port. We also give detailed PUCCH ACK/NACK resource allocation expressions for both FDD and TDD. 
2 ECCE indexing within an EPDCCH set

The PUCCH resource should partially be determined from the lowest ECCE index of the corresponding EPDCCH and would thus depend on how the ECCEs are indexed within the EPDCCH set. In [1], two options for localized transmission were discussed; indexing across the PRB pairs first or indexing within a PRB pair first. The way of indexing would foremost depend on the search space design. We anticipate that the search space would maintain a tree-like structure among aggregation levels and that an EPDCCH candidate is defined by a set of contiguous ECCE indices. Since for localized EPDCCH, an EPDCCH candidate should ideally be confined to 1 (or at most 4) PRB pair(s), it follows that the ECCEs have to be indexed within a PRB pair first. That is, e.g., the first PRB pair in the EPDCCH set contains ECCE #0-#3, the second PRB pair contains ECCE #4-#7, and so on. Moreover, this form of indexing would also assure a resource efficient PUCCH allocation such that a second implicit resource (i.e., 
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 as for SORTD) can be derived from the ECCEs within a single EPDCCH candidate. For distributed EPDCCH transmission, the key point for the PUCCH resource reservation would be that an EPDCCH candidate is defined by a set of contiguous ECCE indices. The details of ECCE indexing for both localized and distributed transmission can be found in [2].
→ ECCEs should be indexed within a PRB pair first for localized transmission.

3 PUCCH ACK/NACK resource determination for FDD
According to the previous online discussions and the proposals in a number of contributions [3]
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 \* MERGEFORMAT [4]
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 \* MERGEFORMAT [9]
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 \* MERGEFORMAT [10], the index of the DMRS port of EPDCCH is proposed to be an additional component to determine the PUCCH ACK/NACK resource, which can avoid the PUCCH ACK/NACK resource collision in case the EPDCCHs of two UEs are multiplexed by transparent MU-MIMO. Using DMRS port index gives the flexibility for the eNodeB to perform transparent MU-MIMO for EPDCCH, e.g., two EPDCCHs can be transmitted on the same ECCEs in CoMP scenario 4 to achieve cell splitting gain without any impact on the complexity either on the eNodeB or UE side. Moreover, the specification effort is marginal. In other words, the use of DMRS port index comes for free. 
Regarding the use of ARI, firstly it is not clear how many PUCCH PRB pairs that can be saved. Secondly, it is assumed that the PUCCH ACK/NACK resource region corresponding to different EPDCCH sets has partial or full overlap. In order to coordinate the ACK/NACK resources corresponding to the EPDCCHs from different EPDCCH sets, there would be an additional scheduler restriction on the EPDCCH assignment in different EPDCCH sets, especially when the system load is high. Thirdly, adding two bits in the DCI as ARI increases the overhead in the DCI format, which will degrade the performance of EPDCCH (e.g., see Figure 1 in the Appendix, showing a performance loss of about 0.6 dB for Format 1A). Moreover, the additional standardization effort is needed to discuss whether to reuse some bits or introduce new bits in the DCI formats for ARI and define the values indicated by ARI.   
Hence, it is proposed that the PUCCH ACK/NACK resource for FDD (for PUCCH format 1a/1b) is determined by  



[image: image2.wmf]index

AP

n

N

n

ECCE

k

PUCCH

PUCCH

_

)

1

(

,

)

1

(

+

+

=


(1)
where 
[image: image3.wmf])

1

(

,

k

PUCCH

N

 is the higher layer configured PUCCH resource starting offset of EPDCCH set 
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 on which the detected EPDCCH is transmitted and 
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 is the index of the first ECCE used for transmission of the corresponding EPDCCH. For localized EPDCCH transmission,
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 is the index of DMRS port used for the demodulation of EPDCCH in the PRB pair where 
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It is noted that the relation between AP_index and DMRS port in (2) depends on the antenna port association discussion. Here, it is assumed that the four ECCEs, i.e., #0, #1, #2, #3 in one PRB pair are associated with DMRS port 107, 108, 109 and 110, respectively. Once the antenna port association is decided, there will be a corresponding relation between AP_index and DMRS port. 

For distributed EPDCCH transmission,
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 assuming MU-MIMO is not supported for distributed EPDCCH transmission. 

4 PUCCH ACK/NACK resource determination for TDD
4.1 HARQ-ACK multiplexing

In TDD, when PUCCH format 1b with channel selection and HARQ-ACK multiplexing is used, PUCCH resources corresponding to M=1, 2, 3 or 4 downlink subframes should be reserved. These resources should be unique, such that there is no collision between PUCCH resources reserved from different subframes, nor from different EPDCCHs. A main issue is to assure that excessive PUCCH resources are not reserved for low and medium system loads, which is part of the resource allocation scheme in Rel-8. 
In [5]-[11], it was proposed to first assign PUCCH resources sequentially over ECCEs in one EPDCCH set within a subframe and then in an increasing order over subframes. This implies that even a single EPDCCH transmission in subframe 
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 requires PUCCH resources being reserved for all subframes 
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. For example, to just transmit an EPDCCH in the last subframe, may require a reservation of 
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 PUCCH PRB pairs assuming an EPDCCH set size of 8 PRB pairs, 4 ECCEs/PRB pair, M=4 and 18 PUCCH resources/UL PRB pair. Hence, this form of sequential PUCCH resource allocation gives unacceptable overhead and penalizes scheduling in certain subframes, i.e., with high indices i. One should therefore instead try to allocate the PUCCH resources such that UEs can be scheduled on a reasonably low-indexed PUCCH resource in any subframe. This can be achieved by a small change of the 
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 value of the existing resource allocation formula from Rel-8 as 
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where c is selected from 
[image: image15.wmf]}

,

1

,

0

{

K

=

c

 such that 
[image: image16.wmf]1

,

+

<

£

c

i

ECCE

c

N

n

N

 and 
[image: image17.wmf]i

ECCE

n

,

 is the number of the first ECCE used for transmission of the corresponding EPDCCH in the associated subframe. In the Appendix, examples are given for an EPDCCH set size of 4 PRB pairs. Tables 1, 2 and 3 are obtained using 
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, respectively. Table 4 illustrates a sequential mapping that would represent the proposals of [5]-[11] . 

To investigate the PUCCH resource efficiency, we perform simulations using Table 1-4 according to the assumptions given in Table 5. The system load is varied by setting the number of scheduled users per subframe. For the distributed EPDCCH, the scheduler is trying to select EPDCCH candidates corresponding to as low as possible indexed ECCEs within its search space. For the localized EPDCCH, the scheduler is randomly selecting an EPDCCH candidate, which models the ergodic behavior of channel dependent scheduling. 

Figure 2 shows the average number of required PUCCH PRB pairs for distributed EPDCCH under the different ECCE to ACK/NACK resource mapping schemes. The results verify that our proposed schemes can save PUCCH ACK/NACK resources when the system load is low. When the number of scheduled UEs per subframe is 1, 2, and 3, Table 4 (i.e., sequential indexing according to [5]-[11]) requires 100%, 33% and 33% more PUCCH PRB pairs.  
Figure 3 shows the average number of required PUCCH PRB pairs for localized EPDCCH. The results show that the same PUCCH ACK/NACK resource reservation overhead among the different ECCE to ACK resource mapping schemes. The reason is that the EPDCCH candidates for localized transmission are distributed across all the available PRB pairs to achieve frequency scheduling gain [15], and the transmitted EPDCCH candidate is randomly selected to model the frequency scheduling gain. However, it should be noted that, with any of Tables 1-3, the eNodeB could still choose to trade-off frequency selectivity and PUCCH resource efficiency in the scheduling. That would become much more difficult to do with Table 4, since there is always PUCCH resource inefficiency when large indexed subframes need to be used. Furthermore, with burst traffic models, only one or a few of the M subframes may contain EPDCCH transmissions and the PUCCH resource savings from Tables 1-3 may be even larger.  

Considering the advantage of PUCCH overhead reduction, it is proposed to use the formula (3) as the PUCCH ACK/NACK resource scheme for TDD HARQ-ACK multiplexing
4.2 HARQ-ACK bundling
In Rel-8, the PUCCH resource for HARQ-ACK bundling is determined from the smallest index in the downlink association set K for which the UE detected the downlink control channel. For that subframe, the same resource allocation formula is assumed as used for HARQ-ACK multiplexing. This assures that UEs being configured with HARQ-ACK bundling and HARQ-ACK multiplexing will not face PUCCH resource reservation collisions and could be multiplexed without scheduling constraints. 
→ The same resource allocation scheme should be used for HARQ-ACK bundling for EPDCCH as HARQ-ACK multiplexing for EPDCCH. 
That is, assuming our proposal from above, we would have
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where c is selected from 
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 is the number of the first ECCE used for transmission of the EPDCCH in subframe 
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 should be used as for HARQ-ACK multiplexing.
4.3 Impact of UE-specific parameters
In [12], it was suggested to restrict the EPDCCH subframe monitoring configuration to always encompass all M subframes, in order to prohibit the mixed usage of PUCCH resources from PDCCH and EPDCCH. Given that the UE is monitoring the CSS on the PDCCH and that the UE is not expected to receive the EPDCCH in a special subframe with configuration 0 or 5 (normal CP), or with configuration 0, 4, or 7 (extended CP), it appears that it will have to be possible to receive both PDCCH and EPDCCH in the M subframes. Hence, it is unclear how such a restriction would be applicable. 
→ No restrictions are made on the subframes for EPDCCH monitoring.
As the signaling of subframes for EPDCCH monitoring is UE-specific, this would imply that, in order to avoid PUCCH resource collisions among UEs, the same resource reservation formula should be used for all UEs, i.e., it should not be dependent on any UE-specific parameters or be interpreted differently among UEs. Similarly, the parameter Xthresh, which determines the supported aggregation levels, will be UE-specific as it depends on the CSI-RS configurations, the CRS configurations, the starting OFDM symbol for EPDCCH and possibly also the DCI format. Accordingly, this prohibits the incorporation of aggregation levels into the resource reservation formula, e.g., as suggested in [8] and [13]. 
→ UE-specific parameters, such as the minimum aggregation level, cannot be part of the resource allocation formula.
5 Conclusion 

For FDD, resources for PUCCH format 1a/1b are determined by:
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 for localized EPDCCH and
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For TDD, resources for PUCCH format 1b with channel selection and HARQ-ACK multiplexing are determined by:
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and c is selected from 
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 is the number of the first ECCE used for transmission of the corresponding EPDCCH in the associated subframe. Suitable values could be 
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For TDD, resources for PUCCH format 1b with channel selection and HARQ-ACK bundling are determined by:
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where c is selected from 
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General assumptions on the PUCCH resource allocation:

→ ECCEs should be indexed within a PRB pair first.

→ The same resource allocation scheme should be used for HARQ-ACK bundling for EPDCCH as HARQ-ACK multiplexing for EPDCCH. 

→ No restrictions are made on the subframes for EPDCCH monitoring.
→ UE-specific parameters, such as the minimum aggregation level, cannot be part of the resource allocation formula.
References

[1] NSN, Nokia, “eCCE indexing in support of implicit HARQ-ACK resource allocation”, R1-124191, San Diego, USA, Oct. 8-12, 2012. 

[2] Huawei, HiSilicon, “Mapping of ECCE to EREGs for localized and distributed transmission”, R1-124697, New Orleans, USA, Nov. 12-16, 2012.

[3] Huawei, HiSilicon, “PUCCH ACK/NACK resource determination for EPDCCH”, R1-124082, San Diego, USA, Oct. 8-12, 2012.
[4] ZTE, et al., “WF on PUCCH resource in response to EPDCCH for FDD”, R1-124631, San Diego, USA, Oct. 8-12, 2012.

[5] Alcatel-Lucent SB, Alcatel-Lucent, “Remaining details of PUCCH resource allocation for EPDCCH”, R1-124423, San Diego, USA, Oct. 8-12, 2012.
[6] Panasonic, “EPDCCH-PUCCH resource allocation”, R1-124545, San Diego, USA, Oct. 8-12, 2012.

[7] Qualcomm, “PUCCH resource allocation for EPDCCH”, R1-124453, San Diego, USA, Oct. 8-12, 2012.

[8] Samsung, “PUCCH resource allocation for TDD EPDCCH”, R1-124384, San Diego, USA, Oct. 8-12, 2012.

[9] Ericsson, ST-Ericsson, “PUCCH resource allocation for EPDCCH”, San Diego, USA, Oct. 8-12, 2012.

[10] NSN, Nokia, “Remaining issues on HARQ-ACK resource allocation for data scheduled via EPDCCH: TDD aspects”, R1-124190, San Diego, USA, Oct. 8-12, 2012.

[11] New Postcom, “Remaining details of PUCCH resource allocation for EPDCCH”, R1-124223, San Diego, USA, Oct. 8-12, 2012.

[12] Intel, “PUCCH resource allocation”, R1-124122, San Diego, USA, Oct. 8-12, 2012.

[13] Texas Instruments, “Outstanding aspects of PUCCH resource allocation for EPDCCH”, R1-124141, San Diego, USA, Oct. 8-12, 2012.

[14] Huawei, et al.,, “Way forward proposal on BD split for EPDCCH, R1-124460, San Diego, USA, Oct. 8-12, 2012.
[15] Huawei, HiSilicon, “Search space design for EPDCCH”, R1-124078, San Diego, USA, Oct. 8-12, 2012.
Appendix

A.1 Examples of PUCCH resource allocation

Table 1. PUCCH resource assignment for different subframes i for an EPDCCH set consisting of 16 ECCEs, M=4 and 
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Table 2. PUCCH resource assignment for different subframes i for an EPDCCH set consisting of 16 ECCEs, M=4 and 
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Table 3. PUCCH resource assignment for different subframes i for an EPDCCH set consisting of 16 ECCEs, M=4 and 
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Table 4. PUCCH resource assignment for different subframes i for an EPDCCH set consisting of 16 ECCEs and M=4.
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A.2 Simulation assumptions
Table 5. Simulation assumptions of required PUCCH PRB for Table 1-4
	Parameter
	Value

	Number of PUCCH resources per UL PRB pair
	18

	EPDCCH set size
	4 PRB pairs

	Number of ECCEs
	4 per PRB pair

	Number of scheduled users
	[1, 2, 3, 4]

	Aggregation levels/Number of EPDCCH candidates  – distributed EPDCCH 
Search spaced defined according to [15].
	1/6, 2/6, 4/2, 8/2 

	Aggregation level distribution – distributed EPDCCH
	20%, 65%, 10%, 5%

	Aggregation levels/Number of EPDCCH candidates  – localized EPDCCH 
Search space defined according to [15].
	1/6, 2/6, 4/2, 8/2

	Aggregation level distribution – localized EPDCCH
	20%, 65%, 10%, 5%


A.3 Numerical results
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Figure 1. BLER for DCI format 1A with and without 2 ARI bits for aggregation level 1 on an ETU 3 km/h channel.
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Figure 2. The average number of required PUCCH PRB pairs for distributed transmission for the different PUCCH resource-to-ECCE mappings of Tables 1-4.
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Figure 3. The average number of required PUCCH PRB pairs for localized transmission for the different PUCCH resource-to-ECCE mappings of Tables 1-4.
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