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1 Introduction 
At RAN 1 #68 meeting, a WF [1] on the definition of eCCE was proposed, but was not eventually able to be agreed:

· A PRB pair contains M eCCEs 

· An eCCE is a basic unit of ePDCCH similar as CCE to PDCCH
· Size of an eCCE in terms of number of REs is comparable to size of CCE
· M can be 2, 3 or 4 (FFS) 
In [2] a simple structure of DCI multiplexing was proposed with joint consideration of the DMRS antenna port configuration and spatial multiplexing transmission. In this contribution, we discuss further details of the (e)CCE definition and numbering.

2 Discussions

2.1 Definition of (e)CCE
In Rel-10, the basic unit of resource for the legacy PDCCH is the Control Channel Element (CCE), which consists of 36 REs. Link adaptation is carried out by aggregating different numbers of CCEs according to different aggregation levels, namely 1, 2, 4 or 8 CCEs.  For ePDCCH, link adaptation is still essential to ensure the robust reception of the DCI messages, so it is natural to use a similar resource unit which has a comparable size with CCE. For simplicity, we refer to this as an eCCE, regardless of whether the definition may happen to end up the same as that of a CCE.     
It has been agreed that the multiplexing of PDSCH and ePDCCH within a PRB pair is not permitted. Therefore, the resources that could be used for DCI transmission within a PRB pair are solely dependent on the number of available REs which may vary with the starting symbol of the ePDCCH and the number of reference signals self-contained in this PRB pair. As a result, a constant size of eCCE may not be possible. Moreover, other control channels such as ePHICH as proposed by our companion contribution [3] may be transmitted together with ePDCCH within a PRB pair, so then the definition of eCCE may also take the ePHICH resources into account. 
Various possibilities exist to take into account these variable numbers of REs, including:

1. Set the eCCE size according to the minimum number of REs that would ever be available, and either:

a. do not use any additional REs if some exist in a given PRB pair; this would fail to exploit all the available resources and would mean that the network could not get a robustness gain from freeing up additional REs (e.g. by reducing or eliminating the legacy control region); or, 
b. use rate-matching (repetition) to increase the number of coded bits for transmission according to the number of REs actually available.

2. Set the eCCE size according to the maximum number of REs that would ever be available, and use rate-matching (puncturing) to reduce the number of coded bits for transmission according to the number of REs actually available.
If we follow the terminology of Rel-8/9/10, the CCE size refers to the size of a coded control channel unit after all rate matching. This implies that for ePDCCH the eCCE size would be variable depending on the number of REs available. In practice, this variability would be within a defined range. Methods 1b and 2 are similar in effect, while method 1a is not desirable for the reason explained above. 
Proposal 1: Variable size of eCCE needs to be supported within a specified range, using rate-matching to adapt to the number of REs actually available.

Different from legacy PDCCH which utilizes transmit diversity, spatial multiplexing (i.e., SU-MIMO and MU-MIMO) could be applied by ePDCCH. As SU-MIMO would complicate the overall system design such as reference signal configuration, search space design, etc, while without sound benefits compared to rank 1 transmission, we propose to not consider the SU-MIMO of ePDCCH in Rel-11. It could be FFS for a future release. MU-MIMO of ePDCCH should take a similar way as MU-MIMO PDSCH transmission whereby the spatial multiplexing is transparent to each user, i.e., the UE is not aware of other UEs’ transmission on the same time-frequency resources. In this way, each eCCE simply needs to be mapped to time-frequency resources in terms of a set of REs, and associated with a specific DM-RS port.
Proposal 2: SU-MIMO of ePDCCH is not supported in Rel-11.
Proposal 3:Each  eCCE is mapped to a set of time-frequency REs and associated with one DM-RS port.
2.2 eCCE numbering
In Rel-10, the position of each CCE in the legacy control region follows a single rule applicable to all the UEs, and the CCEs are numbered in sequence over the entire control region. The starting position of the UE-specific search space (USS) is derived by a Hashing function in terms of the CCE index. The eCCEs would also need to be indexed in order to specify the USS in ePDCCH and to identify associated PUCCH A/N resources [4]. 

Proposal 4: The eCCEs need to be indexed to enable the USS position to be specified and to enable implicit indexing of the PUCCH A/N resources.
Whatever method is chosen for the eCCE indexing, it needs to result in unique identification of the eCCE for the purpose of PUCCH A/N resource association. Two possible methods are considered here:

· Global eCCE indexing: The eCCEs are numbered globally over the whole system bandwidth. 
· Localized eCCE indexing: Each UE first locates the PRB pairs of its own USS, and then the eCCEs for a given UE are indexed according to their locations within the USS, relative to the USS..

The global eCCE indexing is similar to the legacy PDCCH. The range of the Hashing function for the USS location in each subframe would need to be restricted depending on the total resources allocated for all the ePDCCH search spaces. The existing PUCCH A/N indexing scheme could easily be reused, although this kind of implicit indexing may result in significantly over-dimensioned PUCCH resource allocation because PDSCH resources are counted together with ePDCCH resource for the PUCCH indexing.   

Alternatively, for the localized eCCE numbering, the eCCE index merely reflects the local position of the eCCE(s) carrying the DL grant within the UE’s allocated PRB pair(s). The Hashing function for the USS would need to be defined separately according to a combination of PRB indices and local eCCE numbers. In order to avoid PUCCH A/N resource indexing collisions, each ePDCCH would need to be differentiated by its PRB index in addition to the eCCE offset value to the first eCCE within the PRB pair according to the eCCE numbering sequence; the associated DMRS port and/or scrambling sequence should also be used. The PUCCH A/N resource could be implicitly indexed according to some kind of predefined linkage rules to the combination of these three parameters (PRB index, local eCCE index and associated DMRS port and/or scrambling sequence). 
One simple example can be seen in Figure 1 where PRB pairs n and n+1 are allocated for potential ePDCCH transmission for a given UE and the eCCEs are numbered in sequence in these two PRB pairs. eCCE 4 is detected by the UE for DCI transmission, whose offset value relative to the first eCCE within PRB n+1 is 0 according to our localized eCCE numbering sequence. Two ePDCCHs sharing the same time-frequency resources (i.e, MU-MIMO) are configured with two different scrambling sequence (i.e, SCID=0 and SCID=1). Each of the two ePDCCHs could be identified by a combination of PRB index, eCCE offset value and scrambling ID so that implicit linkage between this combination and PUCCH A/N resources could be constructed. As with the global indexing, direct implicit indexing may result in significantly over-dimensioned PUCCH resource allocation because PDSCH resources are counted together with ePDCCH resource for the PUCCH indexing.  

[image: image1.emf]eCCE 0

P

R

B

 

n

eCCE 1

eCCE 2

eCCE 3

eCCE 4, offset=0, SCID=0

eCCE 4, offset=0, SCID=1

PDSCH

P

R

B

 

n

+

k

.

 

.

 

.

P

R

B

 

n

+

1

eCCE 5

eCCE 6

eCCE 7

eCCE 4


Figure.1. An example of localized eCCE numbering
3 Conclusions

This contribution outlined the principles of eCCE definition including the eCCE size and eCCE spatial multiplexing. The necessity of eCCE numbering was discussed as well and two eCCE numbering schemes were proposed. In summary, the following proposals were made:
Proposal 1: Variable size of eCCE needs to be supported within a specified range, using rate-matching to adapt to the number of REs actually available.
Proposal 2: SU-MIMO of ePDCCH is not supported in Rel-11.
Proposal 3:Each  eCCE is mapped to a set of time-frequency REs and associated with one DM-RS port.
Proposal 4: The eCCEs need to be indexed to enable the USS position to be specified and to enable implicit indexing of the PUCCH A/N resources.
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