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Discussion/Decision
1
Introduction

It has been agreed that local eCCE indexing is used for each EPDCCH set and the PUCCH resource starting point is individually configured per EPDCCH set by higher layer signaling. In RAN1 #70bis, it was extensively discussed whether ARI is used for EPDCCH or not. A way forward [1] proposed 2bit fixed ARI always for EPDCCH, however RAN1 couldn’t reach a consensus. The followings are captured in RAN1 #70bis chairman’s note as an outcome of the discussions:

R1-124659
Harmonised proposal on PUCCH format 1a/1b resource allocation for EPDCCH 
Panasonic, Samsung, RIM, CATT, Sharp, Intel, InterDigital

· Antenna port offset is supported for localized transmission, and explicit 2-bit ARI always present for all the DL DCI formats that are carried by EPDCCH

· The 4 values of the ARI are fixed in the specifications, {0, a1, a2, a3}

· a1, a2, a3 are FFS until RAN1#71

Conclusion: No additional RRC bits for PUCCH resource allocation configuration. 

As seen in the note, no meaningful progress was made in the last RAN1 meeting for the PUCCH resource allocation and the PUCCH resource allocation for EPDCCH is still open issue. Therefore, in this contribution, we discuss on the PUCCH resource allocation associated with EPDCCH and evaluate the performance with system level simulation.
2
PUCCH resource allocation
Since the semi-static PUCCH resource starting point is configured independently for each EPDCCH set, the PUCCH resources for multiple EPDCCH sets may or may not be overlapped between EPDCCH sets which could be handled by eNB according to the situation in order to minimize uplink resource waste. In [2], it is shown that overlapping PUCCH resource increased EPDCCH blocking probability due to PUCCH resource collision between EPDCCH sets. This is mainly because local eCCE index is used and PUCCH resource is implicitly selected by the first eCCE index used for the DCI so that the same first eCCE index may be used for two different DCIs in two EPDCCH sets.
The reduction of PUCCH resource collision for EPDCCH has been extensively discussed in RAN1 and the PUCCH resource collision occurs in following cases:

· Two or more EPDCCH sets are sharing PUCCH resource and the same first eCCE index is used for two or more DCIs in different EPDCCH sets.

· The same first eCCE index is used with different antenna ports for MU-MIMO transmission.

In order to address the PUCCH resource collision for abovementioned cases, it has been proposed to use 2-bit dynamic offset indication (so-called ARI) which will be transmitted in a DCI and/or antenna port index in the PUCCH resource indication. The introduction of 2-bit dynamic offset indication increases DCI payload size slightly and we expect that the coverage loss from the 2-bit payload size increment will be marginal and the loss can be easily compensated by power control as well. Given that the coverage loss is not an issue for the ARI, the rest issues would be the specification effort and implementation complexity. Since the ARI has been used in carrier aggregation case, the specification effort may not be significant as long as the H-ARQ procedures defined for carrier aggregation is unchanged. In addition, the implementation complexity seems to be insignificant as well since it has been employed in carrier aggregation already. On the other hand, the benefit of ARI seems to be clear that blocking probability due to PUCCH resource collision could be significantly reduced by using ARI when the PUCCH resources are shared by two or more EPDCCH sets, which allows better uplink resource utilization.
In section 3, we evaluated the blocking probability with and without ARI when the PUCCH resources are fully overlapped for two EPDCCH sets. From the results, it is observed the significant gain in terms of blocking probability when 2-bit ARI is introduced. Therefore, it seems to be beneficial to adopt 2-bit ARI for EPDCCH.

Proposal 1: two bit ARI is supported for EPDCCH
Since ARI can be used to avoid PUCCH resource collision already, the additional use of antenna port index may not provide meaningful gain while requiring specification efforts. Therefore, if ARI is introduced it is straightforward not to introduce antenna port index.
Proposal 2: if ARI is introduced, antenna port index is not used for PUCCH resource allocation
3.
Simulation Results
In this section, we evaluated EPDCCH blocking probability with PUCCH resource allocation. In the simulation, if any one of EPDCCH resource and PUCCH resource is collided for a UE, it is considered as blocking. For two bit ARI, the offset values {-2, 0, 2, 4} are used together with greedy scheduler in which the EPDCCH resource is first selected and the scheduler try to find out appropriate offset which may avoid blocking. Some further details of simulation assumptions are listed in table 1 in Appendix.
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Figure 1. Blocking probability with and without ARI for K=2 and N=4.

The figure 1 shows the blocking probability according to the existence of 2-bit ARI when the PUCCH resources are fully overlapped between two EPDCCH sets. As seen in the figure, the blocking probability gets lower significantly with 2-bit ARI.
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Figure 2. Blocking probability with and without ARI for K=2 and N=8.

In the figure 2, the performance benefit from 2bit ARI becomes more significant as the number of PRB per EPDCCH gets larger. This is mainly because the larger degree of freedom in the PUCCH resource selection.
4.
Conclusions

In this contribution, we discussed and evaluated PUCCH resource allocation methods. From the discussions and observations, we propose followings:
Proposal 1: two bit ARI is supported for EPDCCH 
Proposal 2: if ARI is introduced, antenna port index is not used for PUCCH resource allocation
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Appendix
Table 1. System-level Simulation Assumptions
	System Bandwidth
	10MHz

	Antenna configuration
	2x2

	Channel models
	UMa

	Velocity [km/h]
	3

	Codebook for PMI reporting
	Rel-8

	Chanel estimation
	Ideal

	HomoNet deployment
	57 cells

	EPDCCH scheduling
	Random

	Number of UE and distribution
	16 UEs/cell, uniform distribution

	# of PRBs in an EPDCCH set (N)
	4 and 8

	# of EPDCCH set (K)
	{KL=0, KD=2}

	Drops, TTIs
	1 drop and 2000TTIs per drop

	Transmission schemes for EPDCCH
	Per-RB based (RBF)

	Number of eCCE allocation
	Wideband SINR based

	PUCCH resource
	Two EPDCCH sets share the same PUCCH resources

	Aggregation level [# of eCCE]
	1, 2, 4, 8

	
	








