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1 Introduction
In RAN1#70, following were agreed on PUCCH resource allocation for EPDCCH [1]:
	· 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; eCCE is indexed per EPDCCH set
· 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 contribution, we propose following.

· To introduce 1-bit ARI on EPDCCH. The PUCCH resource index is determined by the ARI-indicated dynamic offset in addition to the lowest eCCE index and the semi-static PUCCH resource starting offset.

· The exact value of ARI-indicated dynamic offset. The ARI offset varies depending on the configuration of PUCCH resource. Therefore, additional RRC signalling is not needed to decide the amount of dynamic offset.
· The interleaving function between the lowest eCCE index and PUCCH resource index. The interleaving function offers flexible frequency-scheduling among multiple EPDCCHs, especially in case of localized EPDCCH.
2 Introduction of ARI in EPDCCH 
2.1 PUCCH resource collision in Rel.11
In RAN1#70, it was agreed that multiple EPDCCH sets can be configured in a UE-specific manner (Fig.1) and eCCE is indexed per EPDCCH set. This means that the same eCCE index exists in different EPDCCH sets. Furthermore, the lowest eCCE index of the corresponding EPDCCH set is a component of PUCCH resource determination. Therefore, if the PUCCH resource for each EPDCCH set is decided in a same manner as in Rel.8, i.e., semi-static PUCCH resource starting offset + the lowest eCCE index, PUCCH resource collision can happen among the PUCCH resources for different EPDCCH sets. If PUCCH resource pools for PDCCH and EPDCCH are overlapped, the PUCCH resource collision may happen also. 
The simplest way to avoid the PUCCH resource collision is to orthogonalize different PUCCH resource pools by using semi-static PUCCH resource starting offset for each EPDCCH set (and that for PDCCH) (Fig.2). This is reasonable if the EPDCCH is fully loaded situation. However, when EPDCCH set is not fully loaded, available number of PUCCH resources within the PUCCH resource pool is too much. In this case, semi-static PUCCH resource starting offset for each EPDCCH set can be configured to be the same so as to overlap PUCCH resource pools corresponding to different EPDCCH sets. In case the load is expected to be intermediate between full load and low load, partial overlap of multiple PUCCH resource pools corresponding to different EPDCCH sets is also possible.

For EPDCCH, MU-MIMO operation can be applied. In MU-MIMO operation, multiple EPDCCHs are transmitted to different UEs using the same eCCEs. Note that MU-MIMO includes cell-splitting type operation in a single physical cell ID like CoMP scenario 4. If the semi-static PUCCH resource offset is configured to be common among MU-MIMO UEs, PUCCH resource collision happens. However, since the semi-static PUCCH resource offset is set in a UE-specific manner, the semi-static PUCCH offset values can be differentiated among MU-MIMO UEs (group of UEs or individual UEs). This solves PUCCH resource collision.
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Fig.1.  Two EPDCCH sets are configured.

[image: image2.emf]N

N

E-PDCCH(1)

N

E-PDCCH(2)

Total of PUCCH resorces

Available PUSCH resources

PUCCH resource pool for PDCCH

PUCCH resource pool for E-PDCCH set (1)

PUCCH resource pool for E-PDCCH set (2)

Total of uplink resorces


Fig.2.  Example of PUCCH resource allocation in Rel.11.
2.2 The need for ARI in EPDCCH
Although to adjust semi-static offset elaborately among multiple EPDCCH sets and among UEs helps to reduce the PUCCH resource collision as stated in Section 2.1, to have dynamic offset offers more flexibility of PUCCH resource usage. The flexibility obtained by dynamic offset on PUCCH resource has following merits. 
· To allow overlapping PUCCH resource pools corresponding to different EPDCCH sets and/or to PDCCH since PUCCH resource collision between EPDCCH and PDCCH, and/or among EPDCCH sets can be avoided by the dynamic offset. The overlapping of PUCCH resource pools can reduce the total amount of PUCCH overhead (Fig.3).

· To avoid PUCCH resource collision between MU-MIMO EPDCCHs in a same EPDCCH set. 
Therefore, we propose to introduce ARI (i.e., Option B in FFS of RAN1#70) in EPDCCH which offers dynamic offset of PUCCH resource for EPDCCH. To have many ARI bits is desirable for flexibility perspective. On the other hand, to increase DCI format size has impact on the coverage of EPDCCH, which is already deteriorated from PDCCH because of channel estimation difference between CRS and DMRS. Therefore, we propose 1 bit as ARI which indicates whether the dynamic offset is added or not.
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Fig.3.  Overlapped PUCCH resource pools.
2.3 Exact values of dynamic offsets by ARI
When PUCCH resource pool is not overlapped with other PUCCH resource pool (Fig.4 (a)), PUCCH resource collision happens only when MU-MIMO is operated among multiple EPDCCHs corresponding to the same EPDCCH set. In order to avoid PUCCH resource collision in MU-MIMO, small value for the dynamic offset is sufficient; larger value is undesirable since it may results larger PUCCH overhead. On the other hand, when PUCCH resource pool is overlapped with other PUCCH resource pools (Fig.4 (b)), it happens not only when MU-MIMO is applied, but also when different UEs are assigned by different EPDCCH sets while their corresponding PUCCH resource index is the same. In case if PUCCH resource pools for different EPDCCH sets are overlapped, larger value is desirable for the dynamic offset since small offset may result in PUCCH resource collision to the other UEs in the same PUCCH resource pool.

From the above observation, the appropriate dynamic offset value of ARI is different depending on whether the PUCCH resource pools is overlapped with other PUCCH resource pools or not. If multiple EPDCCH sets are configured, UE knows whether the PUCCH resource pools corresponding to the EPDCCH sets are overlapped or not. Therefore, we propose the following:
Change the dynamic offset value of ARI depending on whether PUCCH resource pools of multiple EPDCCH sets configured to the UE is overlapped or not. If overlapped, the offset value is large enough to avoid collision with the overlapped PUCCH resource pools. If not overlapped, the dynamic offset value is small in order to avoid PUCCH overhead increase.
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(a) Dynamic offset by ARI when not overlapped
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(b) Dynamic offset by ARI when overlapped

Fig.4.  Possible combination of semi-static and dynamic offsets on PUCCH resource pools.
Regarding exact values of dynamic offsets of ARI, when multiple PUCCH resource pools corresponding to different EPDCCH sets are not overlapped, the dynamic offset by ARI should be +1. This is because in non-overlapping case, MU-MIMO operation is the reason of PUCCH collision. Assuming that the aggregation level is mainly 2 or more, this offset (i.e., +1) offers the lowest collision probability on MU-MIMO pair while realizes the minimum increase of PUCCH overhead.
On the other hand, when multiple PUCCH resource pools corresponding to different EPDCCH sets are overlapped, it is desirable to have large offset enough to achieve sufficiently lower collision probability among multiple PUCCH resource pools; the offset value should be M(i) for EPDCCH set (i), where M(i) denotes the total number of eCCEs in an EPDCCH set (i). Since M(i) depends on the number of PRB pairs within EPDCCH set (i), dynamic offset values may not be the same among different EPDCCH sets. Assuming two different PUCCH resource pools corresponding to different EPDCCH sets are overlapped, by having ARI indicating one of 0 and M(i) as the dynamic offset, PUCCH resource collision between the two PUCCH resource pools can be completely avoided. Therefore, we propose the following:
· ARI corresponding to the EPDCCH set (i) indicates 0 or +1 in following conditions:

· When a UE is configured with a single EPDCCH set

· When a UE is configured with multiple EPDCCH sets and a PUCCH resource pool corresponding to the EPDCCH set (i) is not overlapped with the other PUCCH resource pools

· ARI corresponding to the EPDCCH set (i) indicates 0 or M(i) in following conditions:

· When a UE is configured with multiple EPDCCH sets and a PUCCH resource pool corresponding to the EPDCCH set (i) is overlapped with the other PUCCH resource pools

Note that the ambiguity of dynamic offset (i.e., +1 or +M(i)) during RRC reconfiguration of EPDCCH set(s) or semi-static offset(s) of PUCCH resource pool(s) is not a specific problem for this proposal since our understanding of uncertain period applies whether the whole EPDCCH is correctly received or not. Even if the whole EPDCCH reception itself is not impacted by RRC reconfiguration period, one of ARI value always indicates “+0 (i.e., no dynamic offset)” may help to reduce the uncertainty during the reconfiguration period. 
3 Linkage between eCCE index and PUCCH resource index
In case of partial overlapping, EPDCCH scheduling restriction is another way to compress the PUCCH resource overhead. This is possible by only using lower eCCE index per EPDCCH set as in Fig. 5. However, in localized EPDCCH, only using lower eCCE index may result in PRB restriction within EPDCCH set assuming eCCE numbering is incremented within a PRB pair like Fig. 6. Figure 7 illustrates an example of localized EPDCCH operation and corresponding PUCCH resource usage when PUCCH scheduling restriction is carried out. This results the degradation of frequency-scheduling gain in localized EPDCCH.
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Fig.5.  Partial overlapping of multiple PUCCH resource pools.
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Fig.6.  eCCE numbering in localized EPDCCH.
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Fig.7.  Example of localized EPDCCH operation with scheduling restriction for PUCCH resource compression.
In order to alleviate EPDCCH scheduling restriction while realizing compression of PUCCH resources by PUCCH scheduling restriction, some kind of randomization/interleaving is useful between DL frequency index within EPDCCH set and UL PUCCH resource index order, so that regardless of frequency position on DL localized EPDCCH transmission, UL PUCCH position can be compressed. 

We propose to use the following interleave function at least for localized EPDCCH:
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where neCCE, NPRB, and MeCCE denote the lowest eCCE index used for EPDCCH transmission, the number of PRB pairs within EPDCCH set, the number of eCCEs within a PRB pair, respectively, and the PUCCH resource index is determined by (ARI offset is not present here for simplicity)
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where 
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 is the semi-static PUCCH resource starting offset for the EPDCCH set. An example of the result is illustrated in Fig. 8. Assuming 
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 is 0 for simplicity, 0, 1, 4, 5, 8, 9, 12, and 13th eCCE are available as the lowest eCCE index of EPDCCH transmission without using 8th-15th PUCCH resource index. Therefore, EPDCCHs can be scheduled on arbitral PRB pair within EPDCCH set. Therefore, frequency-scheduling gain of EPDCCH can be obtained.
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Fig.8. The use of interleave function between eCCE index and PUCCH resource index in localized EPDCCH.
Note that in distributed EPDCCH, since eCCE is distributed over multiple PRB pairs within EPDCCH set, such randomization/interleaving is not necessary between DL frequency index within EPDCCH set and UL PUCCH resource index. Therefore, PUCCH resource index could simply be determined without using the above interleave function. However, if commonality is important between localized EPDCCH and distributed EPDCCH, Eqs. (1) and (2) could also be applied to distributed EPDCCH without any demerit. 
4 Conclusion
In this contribution, we propose following for PUCCH resource allocation of EPDCCH:
· Introduce 1-bit ARI to apply dynamic offset on PUCCH resource index.

· The exact value of ARI dynamic offset is depending on whether PUCCH resource pool is overlapped with other PUCCH resource pools or not.

· ARI corresponding to the EPDCCH set (i) indicates 0 or +1 in following conditions:
· When a UE is configured with a single EPDCCH set
· When a UE is configured with multiple EPDCCH sets and a PUCCH resource pool corresponding to the EPDCCH set (i) is not overlapped with the other PUCCH resource pools
· ARI corresponding to the EPDCCH set (i) indicates 0 or M(i) in following conditions:
· When a UE is configured with multiple EPDCCH sets and a PUCCH resource pool corresponding to the EPDCCH set (i) is overlapped with the other PUCCH resource pools
Note that M(i) denotes the total number of eCCEs in an EPDCCH set (i)
· Introduce interleave function between eCCE index of EPDCCH and PUCCH resource index at least for localized EPDCCH.
· It alleviates frequency scheduling restriction on localized EPDCCH when only using lower PUCCH resource index to compress the PUCCH overhead.
· For distributed EPDCCH, PUCCH resource index could simply be determined without using interleave function. However, if commonality is preferable, the same interleave function can be used.
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