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1 Introduction
In RAN1#70, the following agreements on the PUCCH ACK/NACK resource determination were made:
· Lowest ECCE index of the corresponding EPDCCH is a component of PUCCH resource    determination. 

· A UE is configured with a semi-static PUCCH resource starting offset for each EPDCCH set and ECCE is indexed per EPDCCH set.
In addition, there are three open issues: 
· FFS until RAN1#70bis between 

· Option A) not to use dynamically signaled PUCCH resource offset by EPDCCH

· Option B) dynamically signaled PUCCH resource offset by EPDCCH

· Whichever of options A and B is chosen, RRC signalling will not be introduced.

· FFS until RAN1#70bis for localized EPDCCH among
· Option X) not to use antenna port index
· Option Y) to use antenna port index of EPDCCH
· Option Z) to use antenna port index of PDSCH

· TDD aspects are FFS – if solutions are needed, aim for solutions without RRC impact. 

In this document, our views on dynamic signaling of PUCCH resource offset by EPDCCH and use of antenna port are presented. We also give detailed PUCCH ACK/NACK resource determination expressions for both FDD and TDD. 
2 Dynamic signaling of PUCCH resource offset by EPDCCH
Based on the discussion in RAN1#70 and the related contributions [1]-[3], dynamic signalling of PUCCH resource offset is performed by adding two bits (i.e., ARI) in the EPDCCH DCI. The resource offset is then indicated by ARI, which together with the lowest ECCE index, is utilized to determine the PUCCH ACK/NACK resource. The main motivation using ARI is to reduce the PUCCH ACK/NACK resource overhead; however, the use of ARI from different proponents is diverse in [1]-[3]. In this section, the different methods using ARI are discussed separately with regards to whether the ARI is necessary under the current agreement. 
In [1], it is assumed that several EPDCCH sets are configured for one UE and there is a semi-static PUCCH starting resource offset for each EPDCCH set. The ARI is contained in the DCI and is used to dynamically indicate which configured semi-static PUCCH starting resource offset value would be used to determine the PUCCH ACK/NACK resource. This method can compress the reserved PUCCH ACK/NACK resources and release some resources for PUSCH when there is an unused EPDCCH set (i.e., no EPDCCH transmission in the set). 
For example, two EPDCCH sets are configured and the corresponding PUCCH starting resource offsets are 
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 respectively, which is illustrated in Fig. 1. If EPDCCH set #0 is unused and EPDCCHs are transmitted in EPDCCH set #1, the ARI in the DCI could indicate that the PUCCH starting resource offset is 
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. Then all the ACK/NACKs in response to the EPDCCHs transmitted in EPDCCH set #1 will be transmitted the ACK/NACK region reserved for EPDCCH set #0 and the ACK/NACK region for EPDCCH set #1 can be released for PUSCH.  
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Fig. 1. Relation between EPDCCH sets and corresponding PUCCH ACK/NACK regions for different semi-static PUCCH resource starting offset values.
However, when the eNodeB assigns EPDCCH on the configured EPDCCH sets, the EPDCCH assignment can be done starting from the smallest value of PUCCH starting resource offset in an ascending order, e.g., the order is EPDCCH set #0 first and then EPDCCH set #1. In this manner, the reserved PUCCH ACK/NACK resources corresponding to the unused EPDCCH sets can be automatically released. Hence, proper scheduling by the eNodeB of the EPDCCH can release unused PUCCH resources and it is unnecessary to introduce an ARI.  
In [2]
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[3],  in order to reduce PUCCH ACK/NACK resource overhead, it is assumed that different EPDCCH sets share the same PUCCH resource starting offset and they are mapped onto the same PUCCH ACK/NACK region. Due to the ECCEs being indexed within each EPDCCH set, there may be PUCCH ACK/NACK resource collisions. It is proposed to use the ARI dynamically indicating an offset to avoid the collision. 

Based on the agreement, there is a semi-static PUCCH resource starting offset for each EPDCCH set. As the configuration of each PUCCH resource starting offset is up to the eNodeB implementation, it is not certain, or required, that two or more EPDCCH sets share the same PUCCH starting resource offset and ACK/NACK region. When the PUCCH ACK/NACK resources corresponding to each EPDCCH set are configured to be disjoint or there is only one EPDCCH set configuration, there is no PUCCH ACK/NACK resource collision. Hence an ARI would not be needed and would only contribute to larger overhead in the DCI. Furthermore, 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. If further considering the increased overhead in DCI due to the ARI, it is not preferred to use the ARI.  
Regarding the motivation to reduce PUCCH resource reservation overhead by ARI, it is necessary to analyze how serious the additional PUCCH ACK/NACK resources overhead is due to the introduction of EPDCCH. For PDCCH, when the number of used OFDM symbols is 3, there is about 21.4% downlink resources assigned for PDCCH from system perspective for normal CP. If this resource efficiency is also assumed for EPDCCH resource configuration, there could be up to about 10 PRB pairs configured for EPDCCH for 10 MHz, which corresponds to 40 ECCEs assuming 4 ECCEs per PRB pair. In case there is a one-to-one mapping between ECCE and PUCCH ACK/NACK resource, the number of reserved PUCCH ACK/NACK resources for EPDCCH will be similar to that of PDCCH with 3 OFDM symbols. In the system using EPDCCH only, e.g., in NCT, the total PUCCH ACK/NACK resource overhead is similar to the legacy system. If both PDCCH and EPDCCH are used in the system, the number of OFDM symbols for PDCCH will be reduced when more UEs use EPDCCH instead of PDCCH, e.g., there is 1 OFDM symbol for PDCCH and 8 PRB pairs for EPDCCH, which does not increase the total PUCCH ACK/NACK resources overhead much compared to legacy system. A special case of a larger number of scheduled UEs might be CoMP scenario 4 which may need more configured EPDCCH resources. However, it is noted that there is an area splitting gain for PUCCH in CoMP scenario 4 and the potential increased PUCCH ACK/NACK resources overhead would not be a serious issue. Hence, the additional PUCCH ACK/NACK resource overhead due to the introduction of EPDCCH is limited and and it is unnecessary to introduce an ARI.  

In summary, we find that the eNodeB has sufficient means to release unused PUCCH ACK/NACK resources by use of the semi-statically configured PUCCH resource offsets and by proper scheduling of the EPDCCH. Hence, any form of dynamic PUCCH resource offset signalling (i.e., ARI) is not needed. 
Observation 1: Dynamically signaled PUCCH resource offset by EPDCCH is not needed.
3 Use of antenna port index for PUCCH resource reservation
For localized EPDCCH, there is the assumption that transparent MU-MIMO is supported, i.e., two EPDCCHs from different UEs are transmitted on the same ECCEs and utilize two different DMRS ports. If only the lowest ECCE index of the corresponding EPDCCH is used, there will be PUCCH ACK/NACK resource collision for the two UEs multiplexed by MU-MIMO. To avoid the resource collision, the antenna port index is needed as an additional component to determine the PUCCH ACK/NACK resource. 
For the utilization of antenna port index, it is straightforward to utilize the DMRS port index of EPDCCH because two UEs in the form of MU-MIMO are associated with different DMRS ports, which can solve the resource collision. However, the antenna port index of PDSCH cannot guarantee that the two UEs’s PDSCH use different DMRS ports when their EPDCCH is transmitted by MU-MIMO. Furthermore, CRS based PDSCH cannot have different antenna port indices when the corresponding DCI is transmitted on EPDCCH.
Observation  2: For localized transmission, antenna port index of EPDCCH is used as an additional component to determine the PUCCH ACK/NACK resource.

4 PUCCH ACK/NACK resource determination for FDD
According to the agreement and the aforementioned proposals, the PUCCH ACK/NACK resource for FDD (for PUCCH format 1a/1b) is determined by  
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is the RRC configured PUCCH resource starting offset of EPDCCH set 
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 on which the detected EPDCCH is transmitted and 
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For distributed EPDCCH transmission,
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. The indexing of ECCE for both localized and distributed transmission is discussed in [4].
5 PUCCH ACK/NACK resource determination for TDD
In TDD, when PUCCH format 1b with channel selection 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. In Rel-8, the assignment of PUCCH resources to subframes and CCEs was made to facilitate release of unused PUCCH resources (which instead could be used for PUSCH) considering the dynamically varying downlink control region. This was achieved by dividing the CCEs indices into subsets (by means of the Nc values in [5]), where each subset corresponds to available CCEs for a given length of the downlink control region. PUCCH ACK/NACK resources were then sequentially assigned in an increasing order to each subset for all M subframes, starting with the subset associated with the smallest control region length, and then PUCCH ACK/NACK resources were assigned to the next subset in an increasing order of the control region length, and so on. Hence, the PUCCH ACK/NACK resources overhead could be reduced by transmitting the PDCCH on low-numbered CCEs, which automatically occurs when the size of the downlink control region is small. 
While there is currently no possibility to dynamically adjust the EPDCCH set sizes, or the number of such sets, PUCCH ACK/NACK resource savings are still possible for the EPDCCH. This can be achieved by designating sets of contiguous PUCCH resource indices to PRB pairs, allowing the eNodeB to control the PUCCH overhead by transmitting the EPDCCH on low-numbered ECCEs.
Table 1 shows an example of this for M=4 and for an EPDCCH set consisting of 4 PRB pairs (16 ECCEs). At the discretion of the eNodeB, the number of PUCCH ACK/NACK resources is reduced if the EPDCCHs are transmitted on low-numbered ECCEs for any subframe. Note that this assignment principle of PUCCH ACK/NACK resource to subframes and ECCEs follows exactly that of Rel-8 and should fit well with current eNodeB schedulers. For example, consider localized EPDCCH transmission and where the EPDCCH is scheduled on any of 
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in all subframes i, then only 16 PUCCH resources (0-15) are reserved, compared to the worst case of 64 resources. For distributed EPDCCH transmission, EREGs from multiple PRB pairs in the EPDCCH set may be utilized. Suppose such a set of EREGs is referred to as a distributed ECCE [6]. Then, the PUCCH ACK/NACK resource overhead is also under the eNodeB control by the same principle of scheduling the EPDCCH on low-numbered distributed ECCEs. Hence, Table 1 applies to both localized and distributed EPDCCH transmission.
Table 1. PUCCH resource assignment for different subframes i for an EPDCCH set consisting of 16 ECCEs and where M=4. 
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	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	0
	0
	1
	2
	3
	16
	17
	18
	19
	32
	33
	34
	35
	48
	49
	50
	51

	1
	4
	5
	6
	7
	20
	21
	22
	23
	36
	37
	38
	39
	52
	53
	54
	55

	2
	8
	9
	10
	11
	24
	25
	26
	27
	40
	41
	42
	43
	56
	57
	58
	59

	3
	12
	13
	14
	15
	28
	29
	30
	31
	44
	45
	46
	47
	60
	61
	62
	63


The PUCCH resource assignment could be put in a succinct form for any M and any EPDCCH set size such as


[image: image16.wmf]index

AP

N

n

N

i

N

i

M

n

k

PUCCH

i

ECCE

c

c

i

PUCCH

_

)

1

(

)

1

(

,

,

1

)

1

(

,

+

+

+

×

+

×

-

-

=

+


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.

For both TDD and FDD, we assume that the existing Rel-10/11 PUCCH resource reservation principles for carrier aggregation apply and can be straightforwardly extended for EPDCCH according to the non-carrier aggregation PUCCH ACK/NACK resource expressions given in Sec. 4 and 5.   
6 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 distributed EPDCCH.
For TDD, resources for PUCCH format 1b with channel selection 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.
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