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1 Introduction
In RAN1 #70, the determination of PUCCH format 1a/1b resource for E-PDCCH was discussed with the following agreements 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; 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.
With the above agreements in RAN1 #70, the following three options exist for PUCCH format 1a/1b resource allocation for EPDCCH:

· Option 1: ARI is used to indicate the PUCCH format 1a/1b resource [1]

· Option 2: DMRS AP index of the E-PDCCH is used to indicate the PUCCH format 1a/1b resource [2]

· Option 3: DMRS AP index of the PDSCH is used to indicate the PUCCH format 1a/1b resource [3]

In RAN1 #70bis, further discussion took place, focusing on Option 1 and Option 2. It was agreed that no additional RRC signaling bits shall be introduced for PUCCH format 1a/1b resource allocation for EPDCCH. 

In this contribution, we further discuss the remaining open issues on this topic.
2 Localized EPDCCH
Since it has been agreed that PUCCH format 1a/1b resource starting offset can be independently configured for each EDPCCH set and on a per UE basis, it is possible to avoid PUCCH format 1a/1b resource collision between any two EPDCCH sets. On the other hand, this would require significant amount of PUCCH format 1a/1b resources reserved for EPDCCH, considering multiple UEs can be configured with EPDCCH and up to 2 EPDCCH sets can be configured for each UE. Therefore, the PUCCH format 1a/1b resources for EDPCCH sets of different UEs shall overlap in practice. More specifically, the following configurations are possible.
· Configuration 1: Multiple UEs are configured with the same EPDCCH set and the same PUCCH format 1a/1b resource starting offset.
If MU-MIMO is not adopted on the EPDCCH set, then each eCCE in the EPDCCH can only be used by one UE’s EPDCCH transmission. Given that the PUCCH format 1a/1b resource is implicitly derived from the eCCE index, there will not be any PUCCH format 1a/1b resource collision among the multiple UEs.

In case MU-MIMO with orthogonal DMRS APs is adopted for EPDCCH transmission, then the same set of eCCEs is used to transmit multiple EPDCCHs to different UEs on different DMRS APs. Option 2 with AP offset can avoid PUCCH format 1a/1b resource collision between the multiple UEs when the EPDCCH aggregation level is 2 or above, since each eCCE is only associated with one DMRS AP. On the other hand, Option 1 with ARI can avoid PUCCH format 1a/1b resource collision even when MU-MIMO is applied to EPDCCH of aggregation level 1.   

In case MU-MIMO with non-orthogonal DMRS AP is adopted for EPDCCH transmission, then the same set of eCCEs is used to transmit multiple EPDCCHs to different UEs on the same DMRS AP. Such operation may occur in case 1) the EPDCCH aggregation level of one for the multiple UEs; or 2) CoMP scenario 4 to achieve area splitting gain for EPDCCH; or 3) SDMA for EPDCCH. In these applications, Option 1 with ARI can alleviate the PUCCH format 1a/1b resource collision among the multiple UEs. 

· Configuration 2: Multiple UEs are configured with different EPDCCH sets but the same PUCCH format 1a/1b resource starting offset.

This configuration is mainly to reduce the PUCCH format 1a/1b resource overhead associated with EPDCCH. Scheduler restrictions shall be applied to ensure that EPDCCHs in the multiple UEs’ different EPDCCH sets do not lead to PUCCH format 1a/1b resource collision, which amount to EPDCCH blocking probability. If the association between eCCE and DMRS AP is static [4], then Option 2 with AP offset cannot effectively avoid PUCCH format 1a/1b resource collision if the starting eCCE indices of the EPDCCHs on the different EPDCCH sets are the same. On the other hand, Option 1 with ARI can avoid the PUCCH format 1a/1b resource collision in such a case, which reduces the EPDCCH blocking probability.
Figures 1 – 2 illustrate a couple of examples where Option 2 alone is not sufficient to avoid PUCCH format 1a/1b resource collisions for EPDCCH, assuming the eCCEs of different UEs correspond to the same set of PUCCH format 1a/1b resources. 
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Figure 1: SDMA for EPDCCH
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Figure 2: CoMP scenario 4 for EPDCCH

With the above analysis, it is preferable that ARI and AP offset are used jointly to determine the PUCCH format 1a/1b resource for EPDCCH. Assuming AP offset can provide a range of PUCCH format 1a/1b resource offset of {0, 1, 2, 3} relative to the PUCCH format 1a/1b resource derived from the lowest eCCE index, the additional offset provided by ARI can be of {-2, 0, 2, 4}, which allows the possibility to use the PUCCH format 1a/1b resources reserved for eCCEs in a neighboring EPDCCH PRB pair. In detail, we have the following proposal: 

Proposal 1: The PUCCH format 1a/1b resource for a localized EPDCCH is derived by
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is the semi-statically configured PUCCH format 1a/1b resource starting offset for E-PDCCH set 
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 and its value depends on the DMRS AP used for the EPDCCH according to Tables 1 – 3 below; and 
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 and its value is indicated by a 2-bit ARI in the DCI format carried on EPDCCH.
For localized EPDCCH, the following is proposed in [6] as the association between DMRS AP and eCCE index. The corresponding 
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  is also included.
Table 1: Normal subframe (normal CP) or special subframe with configuration 3, 4, or 8 (normal CP)
	E-CCE index within a PRB pair
	Associated DMRS port
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Table 2: Special subframe with configuration 1, 2, 6, 7, or 9 (normal CP)
	E-CCE index within a PRB pair
	Associated DMRS port
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Table 3: Normal subframe (extended CP) or special subframe with configuration 1, 2, 3, 5, or 6 (extended CP)
	E-CCE index within a PRB pair
	Associated DMRS port
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3 Distributed EPDCCH

For distributed EPDCCH, two fixed DMRS APs can be associated with it as proposed in [6]. Consequently, AP offset is not useful to determine the PUCCH format 1a/1b resource for distributed EPDCCH. One aspect that needs to consider is eREG/ECCE mapping, especially considering the possibility of multiplexing localized and distributed EPDCCH in the same set of PRBs.
Table 4 shows the eREG-to-ECCE mapping and ECCE indexing for localized EPDCCH [4]. Following proposal 1, not considering the effects of 
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, the PUCCH format 1a/1b resource indexing is shown in the last row of Table 4. Table 5 shows the eREG-to-ECCE mapping and ECCE indexing for distributed EPDCCH [7]. Not considering the effects of 
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, two possible PUCCH format 1a/1b resource indexing alternatives are provided in the last two rows of Table 5. 

Assuming that a localized EPDCCH set and a distributed EPDCCH share a common set of 4 PRB pairs and a common set of 16 PUCCH format 1a/1b resources, a distributed EPDCCH of aggregation level 1 with ECCE #2 will block localized ECCE #{0, 4, 8, 12} from the RE perspective. In addition, with PUCCH resource indexing Alt1 for distributed EPDCCH, the distributed EPDCCH with ECCE #2 will block localized ECCE #2 being used as a localized EPDCCH of aggregation level 1, since the PUCCH format 1a/1b resource would otherwise collide between the distributed and localized EPDCCHs. The PUCCH resource indexing Alt2 can avoid the additional EPDCCH blocking due to PUCCH format 1a/1b resource collision caused Alt1. 
Table 4: Localized EPDCCH, 4 PRB pairs per E-PDCCH set, 4 E-REGs per E-CCE
	E-CCE #
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	PRB pair #
	0
	0
	0
	0
	1
	1
	1
	1
	2
	2
	2
	2
	3
	3
	3
	3

	
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3

	
	4
	5
	6
	7
	4
	5
	6
	7
	4
	5
	6
	7
	4
	5
	6
	7

	
	8
	9
	10
	11
	8
	9
	10
	11
	8
	9
	10
	11
	8
	9
	10
	11

	
	12
	13
	14
	15
	12
	13
	14
	15
	12
	13
	14
	15
	12
	13
	14
	15

	PUCCH resource indexing
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15


Table 5: Distributed EPDCCH, 4 PRB pairs per E-PDCCH set, 4 E-REGs per E-CCE
	E-CCE #
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	PRB pair 0
	0
	12
	8
	4
	1
	13
	9
	5
	2
	14
	10
	6
	3
	15
	11
	7

	PRB pair 1
	4
	0
	12
	8
	5
	1
	13
	9
	6
	2
	14
	10
	7
	3
	15
	11

	PRB pair 2
	8
	4
	0
	12
	9
	5
	1
	13
	10
	6
	2
	14
	11
	7
	3
	15

	PRB pair 3
	12
	8
	4
	0
	13
	9
	5
	1
	14
	10
	6
	2
	15
	11
	7
	3

	PUCCH 

Resource  indexing Alt1
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	PUCCH 

Resource  indexing Alt2
	0
	4
	8
	12
	1
	5
	9
	13
	2
	6
	10
	14
	3
	7
	11
	15


Proposal 2: The PUCCH format 1a/1b resource for a distributed EPDCCH is derived by
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is the semi-statically configured PUCCH format 1a/1b resource starting offset for E-PDCCH set 
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Proposal 3:  Assuming the eREG-to-ECCE mapping and ECCE indexing in [7],
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· In case of 2 PRB pairs in the EPDCCH set and 4 eREGs per ECCE
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· In case of 4 PRB pairs in the EPDCCH set and 4 eREGs per ECCE
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· In case of 8 PRB pairs in the EPDCCH set and 4 eREGs per ECCE
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· In case of 2 PRB pairs in the EPDCCH set and 8 eREGs per ECCE
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· In case of 4 PRB pairs in the EPDCCH set and 8 eREGs per ECCE
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· In case of 4 PRB pairs in the EPDCCH set and 8 eREGs per ECCE
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4 TDD aspects

The design of PUCCH format 1a/1b resource for EPDCCH in FDD can be directly reused for TDD in case M = 1, i.e. there is only one DL subframe associated with an UL subframe. In case M > 1 for TDD, i.e. the PUCCH format 1a/1b resource for EPDCCH in multiple DL subframes shall be transmitted in the same UL subframe, then some additional specification work is required.
One straight forward approach is that the PUCCH format 1a/1b resource for an EPDCCH set in different DL subframes are concatenated sequentially, as shown in Figure 3. Assuming the PUCCH format 1a/1b resource starting offset is 
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Figure 3: Concatenation of PUCCH format 1a/1b resources for EPDCCH set k, for TDD with M = 4

In case a UE is configured with two EPDCCH sets, Figures 4 shows the per EPDCCH set concatenation of PUCCH format 1a/1b resources, following the agreement that the PUCCH format 1a/1b resource starting offset is configured independently for each EPDCCH set.
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Figure 4: Concatenation of PUCCH format 1a/1b resources per EPDCCH set

Although the method as shown in Figures 3 and 4 is simple, it assumes non-overlapping PUCCH format 1a/1b resources for an EPDCCH set in different DL subframes. From the PUCCH format 1a/1b resource overhead saving perspective, it is desirable to have a mechanism such that the PUCCH format 1a/1b resources reserved for an EPDCCH set does not grew linearly with the number of DL subframes associated with one UL subframe. In the extreme case, the PUCCH format 1a/1b resource for an EPDCCH set in different DL subframes can completely overlap, leading to minimum amount of reserved PUCCH format 1a/1b resources for an EPDCCH set. Such a property is desirable especially 1) when only a very few UEs are connected in the serving cell, e.g. in small cell deployments, or 2) when the load on EPDCCH set is low, or 3) when most of the UEs are configured with PUCCH format 3. It should be pointed out that scheduling restriction is required for EPDCCH, if the PUCCH format 1a/1b resources for EPDCCH in different subframes overlap. However, such scheduler restriction is not severe for the above mentioned scenarios. 
In order to allow flexible PUCCH format 1a/1b resource allocation for EPDCCH in case of TDD and M>1, it is proposed that the PUCCH format 1a/1b resource starting offset is independently configured for each of the M DL subframes in the association set. With such a scheme, the PUCCH format 1a/1b resources for EPDCCH in different subframe can be completely non-overlapping, partial overlapping, or full overlapping, at the eNB’s configuration. This would then provide sufficient flexibility for different EPDCCH loads. In other words, when the EPDCCH load is high, it is preferable to configure the PUCCH format 1a/1b resources to be non-overlapping, which reduces the EPDCCH block probability. In case the EPDCCH load is low, then it is better to configure the PUCCH format 1a/1b resources to be full overlapping, which requires the least amount of PUCCH overhead. In addition, with subframe specific configuration of PUCCH format 1a/1b resource starting offset, the issue of different M values for different UL subframes as identified in [5] can also be solved.  

With the above analysis, we have the following proposal:

Proposal 4: In case of TDD and with M > 1, the PUCCH format 1a/1b resource starting offset for an EPDCCH set k is independently configured for each of M DL subframes.

5 Conclusions

In this contribution, we discuss the remaining open issues on determination of PUCCH format 1a/1b resource for E-PDCCH. The following proposals are made:
Proposal 1: The PUCCH format 1a/1b resource for a localized EPDCCH is derived by
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is the semi-statically configured PUCCH format 1a/1b resource starting offset for E-PDCCH set 
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 and its value is indicated by a 2-bit ARI in the DCI format carried on EPDCCH.
· Normal subframe (normal CP) or special subframe with configuration 3, 4, or 8 (normal CP)
	E-CCE index within a PRB pair
	Associated DMRS port
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· Special subframe with configuration 1, 2, 6, 7, or 9 (normal CP)
	E-CCE index within a PRB pair
	Associated DMRS port
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· Normal subframe (extended CP) or special subframe with configuration 1, 2, 3, 5, or 6 (extended CP)
	E-CCE index within a PRB pair
	Associated DMRS port
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Proposal 2: The PUCCH format 1a/1b resource for a distributed EPDCCH is derived by
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Proposal 3:  Assuming the eREG-to-ECCE mapping and ECCE indexing in [7],
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· In case of 2 PRB pairs in the EPDCCH set and 4 eREGs per ECCE

	
[image: image64.wmf]eCCE

n


	0
	1
	2
	3
	4
	5
	6
	7

	
[image: image65.wmf](

)

eCCE

n

f


	0
	4
	1
	5
	2
	6
	3
	7


· In case of 4 PRB pairs in the EPDCCH set and 4 eREGs per ECCE
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· In case of 8 PRB pairs in the EPDCCH set and 4 eREGs per ECCE
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· In case of 2 PRB pairs in the EPDCCH set and 8 eREGs per ECCE
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· In case of 4 PRB pairs in the EPDCCH set and 8 eREGs per ECCE
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· In case of 4 PRB pairs in the EPDCCH set and 8 eREGs per ECCE
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Proposal 4: In case of TDD and with M > 1, the PUCCH format 1a/1b resource starting offset for an EPDCCH set k is independently configured for each of M DL subframes.
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