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1. Introduction
In RAN1#70, the following agreements are obtained:
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In this contribution, the remaining details of PUCCH resource allocation for EPDCCH are discussed.
2. Discussion
2.1. Necessity of dynamically signaled PUCCH resource offset by EPDCCH
In RAN1#70, it has been agreed that ECCE is indexed per EPDCCH set. This causes duplications of indices among ECCEs which are located in the different EPDCCH sets. As ECCEs which have the same indices increase, PUCCH resources implicitly determined by the indices collide more frequently. In order to avoid such collision, semi-static PUCCH resource starting offset for each EPDCCH set can be used. More specifically, ECCEs which have the same indices can correspond to PUCCH resources in the different regions. This, however, raises the significant UL overhead. Therefore, the use of full or partial overlap among PUCCH resource regions corresponding to different EPDCCH sets should be taken into account.
Observation 1:

· Full or partial overlap among PUCCH resource regions corresponding to different EPDCCH sets alleviates UL overhead.
When full or partial overlap among PUCCH resource regions corresponding to different EPDCCH sets is applied, PUCCH resources collide as mention above. Figure 1 shows the blocking probability of PUCCH resources tied to two different EPDCCH sets in case of full or partial overlap. It is obvious that PUCCH blocking becomes more frequent based on a increase of proportion of overlapping. Figure 2 shows the blocking probability in case that ARI [1]-[3] is adopted. It demonstrates that ARI provide almost full avoidance of PUCCH blocking so that blocking probability of full overlap case is almost the same as that of non-overlap case. Hence, ARI should be introduced.
Proposal 1:

· Dynamically signalled PUCCH resource offset by EPDCCH, i.e. ARI, should be introduced.
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Figure 1: Blocking of PUCCH resources tied to two different EPDCCH sets.
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Figure 2: Blocking of PUCCH resources tied to two different EPDCCH sets (ARI is adopted).
2.2. Necessity of use of antenna port index
For MU-MIMO, MU-MIMO multiplexing of ePDCCHs leads to the situation where different UEs have the same lowest eCCE index. Similarly, MU-MIMO multiplexing of PDSCHs causes collisions of PRB indices. However, as mentioned in the previous section, it is also necessary to introduce dynamic offset for PUCCH resources corresponding to ePDCCH in order to avoid collisions of overlapped PUCCH resources corresponding to different ePDCCH sets. 
Observation 2:

· Dynamically signalled PUCCH resource offset by EPDCCH can be used for avoiding collisions caused by MU-MIMO.
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Figure 3: Blocking of PUCCH resources tied to two different EPDCCH sets in case of MU-MIMO (AP index is adopted).
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Figure 4: Blocking of PUCCH resources tied to two different EPDCCH sets in case of MU-MIMO (ARI is adopted).
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Figure 5: Blocking of PUCCH resources tied to

two different EPDCCH sets in case of MU-MIMO

(Both AP index and ARI are adopted).
Figure 3, Figure 4 and Figure 5 show the blocking probabilities in case that DMRS antenna port (AP) index [4]-[6], ARI and both of them are adopted respectively. It demonstrates that ARI outperforms AP index. Furthermore, the benefit of applying AP index on top of ARI is marginal. Therefore, it is not necessary to use AP index for avoiding collisions caused by MU-MIMO.
Proposal 2:

· It is not necessary to use antenna port index for determination of the PUCCH resource.
2.3. Remaining issues on PUCCH resource assignment for EPDCCH
It should be decided how to introduce a semi-static PUCCH resource starting offset for each EPDCCH set.

· Alt. 1: Legacy N(1)PUCCH is replaced to the semi-static PUCCH resource starting offset for each EPDCCH set.

· Alt. 2: The semi-static PUCCH resource starting offset for each EPDCCH set is applied in addition to the legacy N(1)PUCCH.

We slightly prefer Alt.1.
Proposal 3:

· Legacy N(1)PUCCH is replaced to the semi-static PUCCH resource starting offset for each EPDCCH set.
In Rel-10, implicit PUCCH resource determination is adopted in cases where multiple serving cells are configured as well as single serving cell cases. For such CA cases, i.e. “PUCCH format 1b and channel selection is configured and EPDCCH is detected on the PCell” and “PUCCH format 3b is configured and PDSCH is transmitted only on the PCell”, the same derivation should be used. Also, the same derivation should be used for cases where two antenna port transmission is configured.
For TDD, the same principle should be applied as much as possible.
Proposal 4:

· For non-CA and CA cases, i.e. “PUCCH format 1b and channel selection is configured and EPDCCH is detected on the PCell” and “PUCCH format 3b is configured and PDSCH is transmitted only on the PCell”, the same derivation should be used.
· The same derivation should be used for cases where two antenna port transmission is configured.
· The same principle should be applied for TDD as much as possible.
3. Conclusion

Based on the above discussion, Sharp proposes that:
Proposal 1:

· Dynamically signalled PUCCH resource offset by EPDCCH, i.e. ARI, should be introduced.
Proposal 2:

· It is not necessary to use antenna port index for determination of the PUCCH resource.
Proposal 3:

· Legacy N(1)PUCCH is replaced to the semi-static PUCCH resource starting offset for each EPDCCH set.
Proposal 4:

· For non-CA and CA cases, i.e. “PUCCH format 1b and channel selection is configured and EPDCCH is detected on the PCell” and “PUCCH format 3b is configured and PDSCH is transmitted only on the PCell”, the same derivation should be used.
· The same derivation should be used for cases where two antenna port transmission is configured.
· The same principle should be applied for TDD as much as possible.
According to the above proposal, we prepare the text proposal as attached in the Appendix.
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5. Annex
Table A1: Simulation assumptions

	Parameter
	Assumption

	Number of EPDCCH sets
	2

	NECCE
	32 (16 per EPDCCH set)

	Number of UEs
	2-16

	Number of PUCCH resources per UE
	1

	Aggregation level
	{1, 2, 4, 8}

	Distribution of each aggregation level
	{60%, 20%, 15%, 5%} for {1, 2, 4, 8}

	Search space for each aggregation level
	{3, 3, 1, 1} for {1, 2, 4, 8} per an EPDCCH set

	Hashing function for search space randomization
	Rel-8 hashing function

	EPDCCH scheduling
	Greedy algorithm

	Relative offset of PUCCH resource between two EPDCCH sets
	One of {0, 4, 8, 12} is commonly used among UEs using ePDCCH.

	ARI
	2 bits: {-2,-1, 0, +1}


6. Appendix
6.1. Text proposal for 10.1.2.1 in TS36.213
10.1.2.1
FDD HARQ-ACK procedure for one configured serving cell

HARQ-ACK transmission on two antenna ports 
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For FDD and one configured serving cell, the UE shall use PUCCH resource 
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· for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe 
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· for a PDSCH transmission indicated by the detection of a corresponding EPDCCH in subframe 
[image: image19.wmf]4

-

n

 , or for an EPDCCH indicating downlink SPS release (defined in section 9.2) in subframe 
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· for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected in subframe 
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 is determined according to higher layer configuration and Table 9.2-2. For a UE configured for two antenna port transmission, a PUCCH resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource 
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6.2. Text proposal for 10.1.2.2.1 in TS36.213
10.1.2.2.1
PUCCH format 1b with channel selection HARQ-ACK procedure

[Skipping.. ]
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· for a PDSCH transmission indicated by the detection of a corresponding PDCCH in subframe 
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, and for transmission mode that supports up to two transport blocks, the PUCCH resource 
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· for a PDSCH transmission indicated by the detection of a corresponding EPDCCH in subframe 
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 on the primary cell, or for an EPDCCH indicating downlink SPS release (defined in section 9.2) in subframe 
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· for a PDSCH transmission on the primary cell where there is not a corresponding PDCCH/EPDCCH detected in subframe 
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· for a PDSCH transmission indicated by the detection of a corresponding PDCCH/EPDCCH in subframe 
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 for the transmission mode that supports up to two transport blocks  is determined according to higher layer configuration and Table 10.1.2.2.1-2. The TPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource values from one of the four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.1-2. For a UE configured for a transmission mode that supports up to two transport blocks a PUCCH resource value in Table 10.1.2.2.1-2 maps to two PUCCH resources 
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6.3. Text proposal for 10.1.2.2.2 in TS36.213
10.1.2.2.2
PUCCH format 3 HARQ-ACK procedure

For FDD with PUCCH format 3, the UE shall use PUCCH resource 
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· for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding PDCCH in subframe 
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· for a PDSCH transmission only on the primary cell indicated by the detection of a corresponding EPDCCH in subframe 
[image: image78.wmf]4

-

n

, or for an EPDCCH indicating downlink SPS release (defined in section 9.2) in subframe 
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· for a PDSCH transmission only on the primary cell where there is not a corresponding PDCCH/EPDCCH detected in subframe 
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 is determined according to higher layer configuration and Table 9.2-2. For a UE configured for two antenna port transmission for PUCCH format 1a/1b, a PUCCH resource value in Table 9.2-2 maps to two PUCCH resources with the first PUCCH resource 
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· for a PDSCH transmission on the secondary cell indicated by the detection of a corresponding PDCCH/EPDCCH in subframe 
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 is determined according to higher layer configuration and Table 10.1.2.2.2-1. The TPC field in the DCI format of the corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource values from one of the four resource values configured by higher layers, with the mapping defined in Table 10.1.2.2.2-1. For a UE configured for two antenna port transmission for PUCCH format 3, a PUCCH resource value in Table 10.1.2.2.2-1 maps to two PUCCH resources with the first PUCCH resource 
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. A UE shall assume that the same HARQ-ACK PUCCH resource value is transmitted in each DCI format of the corresponding secondary cell PDCCH/EPDCCH assignments in a given subframe.

Agreements:


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. 
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_1409651363.unknown

_1409651311.unknown

_1409651289.unknown

_1409651298.unknown

_1409651246.unknown

_1380377286.unknown

_1380377322.unknown

_1408866906.unknown

_1408867961.unknown

_1380377340.unknown

_1380377299.unknown

_1380377262.unknown

_1380377263.unknown

_1380377223.unknown

_1378820894.unknown

_1378821924.unknown

_1380377137.unknown

_1380377165.unknown

_1380377191.unknown

_1380377159.unknown

_1378821969.unknown

_1378822023.unknown

_1378822048.unknown

_1380015064.unknown

_1378822058.unknown

_1378822035.unknown

_1378822015.unknown

_1378821937.unknown

_1378821952.unknown

_1378821932.unknown

_1378821815.unknown

_1378821852.unknown

_1378821906.unknown

_1378821821.unknown

_1378821835.unknown

_1378820950.unknown

_1378820962.unknown

_1378820937.unknown

_1360942107.unknown

_1378820832.unknown

_1378820865.unknown

_1378806983.unknown

_1378806999.unknown

_1378808617.unknown

_1378806906.unknown

_1378806960.unknown

_1367668907.unknown

_1269684606.unknown

_1269684797.unknown

_1269684802.unknown

_1357115735.unknown

_1357115778.unknown

_1344932119.unknown

_1269684663.unknown

_1269683765.unknown

