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1   Introduction
The following was agreed in the post RAN1#69 email discussion
· The PUCCH Format 1a/1b resource for HARQ-ACK transmission in response to ePDCCH-scheduled PDSCH  is at least partly implicitly determined 

· FFS which resource index could be used 
· Specification support for avoiding collisions of PUCCH format 1a/1b resources corresponding to ePDCCH and PDCCH is provided 

· FFS how to provide collision avoidance
In this document, we provide our views on PUCCH resource allocation for FDD with dynamic scheduling.
2   Discussion
Given the agreement to at least ‘partially implicitly’ determine the PUCCH resource, two options are possible
· Option 1: PUCCH resource is based on starting RB index of assigned PDSCH

· Option 2: PUCCH resource is based on starting eCCE index of the EPDCCH assigning the PDSCH
With option 1, if the network has to avoid scheduler restrictions due to PUCCH collisions, the number of reserved PUCCH resources (for non MU-MIMO case) should be equal to 
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 , i.e., 100 resources for 20MHz bandwidth.
With option 2, the number of reserved PUCCH resources depends of the number of EPDCCH search spaces configured by the eNB. Since EPDCCH search space configuration is expected to be UE specific (see [1]), the eNB has the flexibility to configure a small number of search spaces for low cell loading and increase the number of search spaces (or the number of PRB-pairs of each search space) as the cell loading increases. Table 1 lists some options. 

Table 1 – PUCCH resources with option 2 for various search-space configurations

	Number of PRB-pairs of each search space
	Number of  localised search spaces allocated by eNB
	Number of distributed search spaces allocated by eNB
	PUCCH resources reserved for localised
	PUCCH resources reserved for distributed
	Total PRB-pairs used for EPDCCH monitoring (localized + distributed)
	Total PUCCH resources
(4eCCEs/PRB-pair)

	4
	1
	1
	16
	16
	8
	32

	4
	1
	2
	16
	32
	12
	48

	4
	2
	1
	32
	16
	12
	48

	4
	2
	2
	32
	32
	16
	64

	8
	1
	1
	32
	32
	16
	64

	8
	1
	2
	32
	64
	24
	96

	8
	2
	1
	64
	32
	24
	96

	8
	2
	2
	64
	64
	32
	128


As shown in Table 1, compared to option 1 where the overhead is fixed based on bandwidth, option2 gives the eNB more control on the number of reserved PUCCH resources based on EPDCCH control signalling load. Given this, we prefer option 2.
Proposal 1: PUCCH resource index for TBs scheduled on PDSCH using EPDCCH is implicitly linked to the starting eCCE index of the EPDCCH assigning the PDSCH.

Another aspect of the post RAN1#69 agreement is to provide “specification support” to avoid collisions between PUCCH resources corresponding to PDCCH and EPDCCH. This can be achieved by providing UE specific PUCCH resource offsets to the UE configured for EPDCCH monitoring. The offsets can be sent to the UE via higher layers as part of EPDCCH set up signalling discussed in [1]. 
Also, as discussed in [1], we expect the UE to be separately configured with an EPDCCH localised search space (with 
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 eCCEs) and an EPDCCH distributed search space (with  
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 eCCEs).  Given this, separate PUCCH offsets corresponding to different search spaces can be configured via higher layers. Having separate offsets avoids the need for having a ‘global eCCE index’ for every eCCE in a subframe that is known to all the UEs configured with EPDCCH. 
For a UE that is assigned a PDSCH via EPDCCH in distributed search space, the corresponding PUCCH resource (i.e., HARQ-ACK resource for the TB(s) received on PDSCH) is given using
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 is the starting eCCE index of the eCCEs on which the EPDCCH is detected within the UE’s EPDCCH distributed search space. 
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 is a UE specific offset configured by higher layers.

For a UE that is assigned a PDSCH via EPDCCH in localised search space, the corresponding PUCCH resource is given using
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 is the starting eCCE index of the eCCEs on which the EPDCCH is detected  within the UE’s EPDCCH localised search space, 
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 is a UE specific offset configured by higher layers and,
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is a parameter based on the antenna port on which EPDCCH is detected. For example,  
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if EPDCCH is detected on antenna ports 7, 8, and,  
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, if EPDCCH is detected on antenna ports 9, 10. 
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 allows the eNB to use MU-MIMO. 
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Figure 1 – Indexing of PUCCH resources corresponding to EPDCCH

Figure 1 shows an example of how PUCCH resource offsets may be configured. In the figure, UE1 and UE2 are configured to monitor the same EPDCCH distributed search space EDS1 but different localised search spaces, ELS1 and ELS2 respectively. UE3 is configured to monitor a separate distributed search space (EDS2). From eNB perspective, the offsets can be signalled to make the PUCCH resources overlap (less UL control channel overhead with the penalty of scheduling restrictions). However, this is transparent to the UE. 
3   Conclusions
We propose the following
Proposal 1: PUCCH resource index for TBs scheduled using EPDCCH is implicitly linked to the starting eCCE index of the EPDCCH assigning the PDSCH.

Proposal 2a:  If UE detects EPDCCH in a distributed search space, the corresponding PUCCH resource is determined using
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 is the starting eCCE index of the eCCEs on which the EPDCCH is detected within the UE’s EPDCCH distributed search space. 
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 is a UE specific offset configured by higher layers.

Proposal 2b: If UE detects EPDCCH in a localised search space, the corresponding PUCCH resource is determined using 
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 is the starting eCCE index of the eCCEs on which the EPDCCH is detected  within the UE’s EPDCCH localised search space, 
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is a parameter based on the antenna port on which EPDCCH is detected.
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