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1. Introduction

The basic framework for EPDCCH-based dynamic PUCCH resource allocation was agreed at the RAN1 #70 meeting. In summary, the resource for 1Tx PUCCH transmission can be derived from the general expression

[image: image1.wmf](

)

(

)

]

[

]

[

ARI

)

1

(

k

 

UE,

-

PUCCH

eCCE

1

D

+

+

+

=

p

PUCCH

k

N

n

f

n



(1)
Where,
· The term 
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is a function of the lowest-indexed eCCE in EPDCCH set k that is used to construct the transmitted EPDCCH. The eCCEs are indexed per EPDCCH set.
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is a semi-statically configured PUCCH resource starting offset for EPDCCH set k
· The other two parameters are FFS and have been proposed to resolve PUCCH resource collision either between PDCCH and EPDCCH and/or between EPDCCH sets: 

· Inclusion of an antenna port offset kp (primarily for MU-MIMO localized EPDDCH transmission)

· Inclusion of a dynamically signaled HARQ resource indicator (ARI) offset ΔARI.

This contribution addresses these unresolved aspects for an FDD system but we note that the conclusions reached can also apply to TDD.
2. Discussion

The dedicated PUCCH offset 
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offers the possibility of avoiding resource collision by configuring non-overlapping dynamic PUCCH regions corresponding to the PDCCH and each configured EPDCCH set. However, this approach may incur a large penalty with respect to UL spectral efficiency because of the increased PUCCH overhead. It may be recalled that one of the objectives of the EPDCCH WID is an increased control channel capacity. Consider a scenario for a 10 MHz carrier with PDCCH capacity NCCE = 37 CCEs (corresponding to 4 CRS ports, Ng = ½, CFI = 3). By configuring K = 2 EPDCCH sets, 4 PRB pairs/set and 4 eCCEs/PRB pair would give an EPDCCH capacity of NeCCE = 32 eCCEs. For ΔshiftPUCCH = 2, the corresponding PUCCH regions are roughly 2 PRBs each for PDCCH and EPDCCH i.e. a 100% increase in PUCCH overhead to support both PDCCH and EPDCCH. Moreover, we note that the legacy dynamic PUCCH region was already under-utilized because only a few CCEs, those with the lowest index for a PDCCH candidate and scheduling DL assignment or SPS release, can be assigned in the dynamic PUCCH region. Therefore, if overlapping PUCCH regions are considered to reduce PUCCH overhead, resource collision techniques need to be considered. 
2.1. Collision Avoidance using antenna port offset

It was agreed that MU-MIMO operation of localized EPDCCH can be supported in a transparent manner. A pair of UEs can be assigned the same set of eCCEs, and, more importantly, the same starting eCCE index. The antenna port specific offset kp in (1) resolves PUCCH resource collision between the UEs. It was also agreed at RAN1 #69 that for localized allocation, each eCCE index is associated by specification with one antenna port and that if multiple eCCEs in a PRB pair are used for a DCI, one antenna port is selected from the associated antenna ports for EPDCCH demodulation. Although the exact eCCE-to-antenna port mapping scheme is still an open question, there seems to be some consensus that it would be based on the C-RNTI and fixed in the specification. Therefore, to avoid resource wastage for localized EPDCCH when multiple UEs are assigned eCCEs in the same PRB pair, the resource allocation for N eCCEs per PRB pair can be defined as [1]
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It can be seen that while an antenna port offset can avoid resource collision for MU-MIMO localized EPDCCH transmission, it is neither applicable for distributed EPDCCH nor is it sufficient if overlapping regions are configured for multiple EPDCCH sets. 
2.2. Collision Avoidance using ARI
A dynamically signaled HARQ-ACK resource indicator (ARI) was proposed in e.g. [2] to resolve PUCCH resource collision. With ARI the PUCCH resource allocation of (1) can be defined as
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A 2-bit ARI field can be defined with values [-δ, 0, δ, 2 δ] where δ is the unit offset value. For example, δ = 2 ensures that two consecutive resources are reserved in the case of PUCCH transmit diversity. Hence, the eNB has 3 possible offsets to avoid collision between PUCCH resources when PUCCH regions are overlapped between PDCCH and EPDCCH sets. In contrast to Rel-10, where TPC field of a DCI format scheduling PDSCH on a SCell is re-defined as an ARI value, the ARI considered here is explicitly signaled in a new field in a DCI format. 
The EPDCCH blocking probability taking into account PUCCH resource blocking is shown in Figure 1 for different overlapping ratios between PUCCH regions corresponding to 2 EPDCCH sets (other simulation assumptions are described in the Appendix). Figure 1(a) depicts the case where there is no ARI, whereas Figure 1(b) depicts the case where ARI (with δ = 1) is present. It can be seen that for 10% blocking probability, 8 UEs (or rather 8 DCI allocations) can be scheduled without ARI whereas at least 12 UEs can be scheduled with ARI – a 50% increase in control channel capacity. These results and observations are aligned with similar results shown in [2] and confirm intuition that the flexibility provided by dynamically signaling an ARI offset results in reduced blocking probability.  
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Figure 1 EPDCCH blocking probability for varying ratios of overlapping PUCCH regions: (a) No ARI, and (b) ARI
However, it is also instructive to evaluate the possible drawbacks associated with introducing ARI. One disadvantage of introducing the ARI field is the DL signaling overhead. First, the ARI field shall be added to all DCI formats transmitted on EPDCCH (except DCI format 4). Adding at least 2 bits to DCI format 0, for example, reduces the coverage for EPDCCH with respect to UL grants. For DCI format 0 in a single CC configuration and aperiodic SRS configured, there is only a slight increase in DL overhead ranging from 5.4% (1.4 MHz) to 4.4% (20MHz). 
Applicability for CA: a UE that is configured to receive PDSCH on a SCell shall be configured with either PUCCH format 1b with channel selection or PUCCH format 3. For either format, the PUCCH resource(s) corresponding to PDSCH on a SCell is indicated by the ARI value in the TPC field of the DCI scheduling the PDSCH. Hence, if EPDCCH schedules PDSCH on a SCell, there is no need for an ARI field in the DCI format. As such, the ARI field is either not configured or the field should be reserved. 
Overall, the benefits of ARI outweigh the main drawback, which is a slight loss in DL coverage. 
Proposal: Introduce an explicit ARI field for DCI formats transmitted on the EPDCCH except DCI format 4. Decide between two options:

· Option 1: the ARI field is only present for DCI formats scheduling PDSCH on the primary cell

· Option 2: The ARI field is reserved in the following cases:

· For PDSCH on a SCell indicated by the detection of an EPDCCH.

· For a TDD UE configured for PUCCH Format 3 and DAI > 1 in a DCI message transmitted on EPDCCH.
3. Conclusion

This contribution analyzed two approaches for resolving PUCCH resource collision between PUCCH regions corresponding to PDCCH and EPDCCH sets. Our recommendations are:
· For localized EPDCCH transmission consider support of an antenna port offset.

· Introduce an explicit ARI field for DCI formats transmitted on the EPDCCH except DCI format 4. Decide between two options:

· Option 1: the ARI field is only present for DCI formats scheduling PDSCH on the primary cell

· Option 2: The ARI field is reserved in the following cases:
· For PDSCH on a SCell indicated by the detection of an EPDCCH.

· For a TDD UE configured for PUCCH Format 3 and DAI > 1 in a DCI message transmitted on EPDCCH.
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Appendix
Table 1 Simulation Assumptions

	Parameter
	Assumption

	Number of EPDCCH sets
	2

	Number of PRB pairs per EPDCCH set
	4

	NeCCE for each set
	16

	Aggregation Level (AL)
	{1,2,4,8}

	Number of candidates per AL
	{6, 6, 2, 2}split equally between sets

	Search space randomization
	Rel-8 hashing function

	UE distribution according to AL
	{0.6, 0.2, 0.15,0.05}

	Percentage overlap between PUCCH regions
	{0, 25, 50, 75, 100} %

	ARI range
	[-1, 0, 1, 2]
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