3GPP TSG RAN WG1 Meeting #70
                      
     R1-123250
Qingdao, China, 13th – 17th August 2012
Agenda Item:        7.6.1
Source:            NEC Group

Title:
eREG and eCCE definitions and mappings for ePDCCH 
Document for:   Discussion/Decision
1 Introduction

In last RAN1 meeting, several contributions discussed eREG and eCCE definitions and mappings for ePDCCH. To this end, RAN1 agreed the following [1]:
· At least for distributed transmission, the 144 REs for normal CP in a PRB pair in a normal subframe (not counting the 24 DMRS REs) are divided into one of {8,12,16,24 or 36} (FFS, revisit on Wed to narrow down – revisit at RAN1#70) equal-sized non-overlapping resource element groups (eREG)

· Detailed design of the eREG mappings are FFS

· An eCCE is formed by grouping of multiple eREGs 

· An eCCE groups eREGs located in multiple PRB-pairs

· For localized transmission, an eCCE is transmitted in one PRB-pair 

· FFS whether an eCCE for localized transmission is formed by grouping multiple eREGs

· The number of eCCEs within a PRB pair in a normal subframe is FFS between:

· 2 or 4 depending on overhead of other signals, and 

· 3 or 4 depending on overhead of other signals, and 

· 4 in at least the PRB pairs that do not contain PBCH/PSS/SSS

· The number of eCCEs in a PRB pair in a special subframe is FFS from 1 or 2 of {2,3,4} (FFS)

· FFS whether different special subframe configurations can have different value(s) 

In this contribution, we express our view on eREG and eCCE definitions and mappings for localized and distributed ePDCCH transmission. 
2 Discussion

eCCE is considered as the minimum unit for assigning the DCI for ePDCCH, and on ePDCCH multiplexing is based on eCCE. Although it is desirable to have eCCE size similar to that of  legacy CCE (e.g., eCCE size is around 36 REs) in order to inherit the design of legacy PDCCH, it is however not possible to have a common eCCE size or to have same number of eCCEs in all sub-frames and PRB-pairs. On a given PRB pair, the number of available REs for ePDCCH transmission can vary significantly depending on:

·  Legacy control region size
·  Sub-frame type
·  Number of CRS ports
·  Number of CSI-RS ports
·  Presence of PSS/SSS/PBCH in the PRB
So far, RAN1 has agreed to rate match around most of the above colliding REs, which basically determines the number of available REs for ePDCCH [1]. However, there are several possible variations of eREG and eCCE mappings, and these had been discussed in the past meetings [1]. The key motivations for different mappings are:

·   Able to achieve frequency diversity gain

· Able to randomize interference in different deployment scenarios (ex.: HetNet and CoMP)

·   Able to support eCCE level or PRB level ICIC

·   Closely align with legacy PDCCH design

· Simplicity and common design for any configurations (ex.: localised and distributed transmission)

The following sections outline our proposal to define eREG and eCCE definitions and mappings to meet the above desired features.  
2.1 
eREG definition 
eREG shall be defined as a group of 4 consecutive REs in all OFDM symbols  of a PRB-pair. 

· 24 DM-RS REs are excluded in mapping REs to eREG. 

· In case of OFDM symbols with DM-RS, adjacent OFDM symbols are considered jointly in defining eREG.  
· 144 REs (1PRB-pair – 24 DM-RS REs) for normal CP in a PRB pair in a normal subframe are divided into 36 equal-sized non-overlapping resource element groups (eREG)
· REs are first grouped in frequency and then in time to define eREG numbering.  
We propose the eREG mapping as shown in Figure 1, where each eREG fits within OFDM symbol, except for OFDM symbols with DM-RS. This provides unique eREG definition for any sub-frame type and any size of legacy control region.    
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Figure 1: eREG definition and mapping for normal sub-frame
It should be noted that RAN1 decided to choose one of {8, 12, 16, 24 or 36} eREG groups. Then, this will result in eREG size as one of {18, 12, 9, 6, 4} REs. Since eCCE size is considered close to that of legacy CCE (i.e., 36 REs), it is not much benefits defining eRBG size of 18 or 12 REs. Moreover, small DCI size with aggregation level 1 will result in selecting REs within a PRB-pair even for distributed transmission. On the other hand eREG size of 9 have problem with SFBC transmit diversity schemes due to odd number of symbols defined as eREG size, in particularly orphan RE problem.  Therefore, we propose to consider eREG size of 4 REs. 
The eREG size of 4 REs has following advantages over other considered sizes:

· eREG size aligns with legacy REG. This simplifies specification and implementation to certain extent.

· Smaller eREG provides more randomizations of interference. 

· Smaller eREG provides flexibility for defining eCCE and its mappings.

· If eREG size is comparable to eCCE size, there are no real benefits in defining eREG.  

· REs used for transmission of small DCI with aggregation level 1 will be distributed in multiple PRB-pairs for distributed transmission. 

· Well suited to provide unique definition for localized and distributed transmission. 
· Fits well with SFBC transmit diversity scheme, if  it is defined for ePDCCH transmission.
Proposal 1: We propose to define eREG as a group of 4 consecutive REs in all OFDM symbols of a PRB-pair. In case of OFDM symbols with DM-RS, adjacent OFDM symbols are considered jointly in defining eREG.  
· REs are first grouped in frequency and then in time to define eREG numbering.  

2.2

eCCE definition 
eCCE shall be defined as a group of N eREGs where the N could vary from sub-frame to sub-frame and from one PRB-pair to the next. The number of eCCEs in a PRB-pair is selected such that N could be close to 9 eREGs. The number of eCCEs in a PRB pair shall be:

· 3 or 4 for normal sub-frames
· 2 or 3 for special sub-frames
eREG are selected in a distributed manner to form eCCE. Let the maximum number of eREGs defined per PRB-pair in a sub-frame is 
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 could be defined based on the number  of available REs in a sub-frame, considering the sub-frame type, the size of legacy control channel region and the transmission of PBCH/PSS/SSS, CRS and CSI-RS. Let the number of available REs for ePDCCH transmission in a PRB-pair is 
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The value of 
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2.2.1 Localised transmission

Let the eREGs from a PRB-pair be 
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. The localised eCCE mapping eCCE#n, 
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where 
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. It should be noted that eCCE index is defined for one PRB-pair. If more than one PRB-pair are allocated for localised transmission, the eCCE indexes are defined by concatenating eCCE indexes from PRB-pair from ascending order.  

Figure 2 show an example of eREG to eCCE mappings for localized transmission for 
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Figure 2: eCCE definition and mapping for localised transmission
2.2.2  
Distributed transmission
Let the eREGs be 
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 number of PRB-pairs are concatenated in ascending order of PRB-index. The distributed eCCE mapping eCCE#n, 
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. Figure 3 shows an example of eREG to eCCE mappings for distributed transmission for 
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Figure 3: Distributed eCCE mapping for 
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Proposal 2: We propose to define eCCE as a group of N eREGs where the N could vary from sub-frame to sub-frame. The number of eCCEs in a PRB-pair is selected such that N could be close to 9 eREGs.

· For localised transmission eREGs are selected within a PRB-pair in a distributed manner to form eCCE.

· For distributed transmission eREGs are selected within M PRB-pairs in a distributed manner to form eCCE and M is configurable parameter. 

· The number of eCCEs in a PRB pair shall be:

· 3 or 4 for normal sub-frames
· 2 or 3 for special sub-frames
2.3

Localised and distributed ePDCCH in same PRB pair
The localised and distributed transmission can be supported within a same PRB-pair from eNB perspective for improved resources utilizations.  However, this might have some impacts on eNB implementations and restrict scheduling flexibility. We have the following two options for this issue. 
· Option-1: Localised and distributed ePDCCH in different PRB pair
· Option-2: Localised and distributed ePDCCH in same PRB pair
Table 1: Comparison of Option-1 and Option-2
	
	Pros
	Cons

	Option-1: 

Localised and distributed ePDCCH in different PRB pair


	1. Simple mapping rule

2. Independent transmission schemes for localised and distributed transmission

3. Flexibility for eNB implementation and scheduling

	1. Possible resources waste  

	Option-2: 

Localised and distributed ePDCCH in same PRB pair


	1. Improved resources utilizations
	1. Complicated mapping rule 
2. Limitation on scheduling flexibility
3. Might have eNB implementation complexity if different transmission scheme within PRB-pair is supported





Table 1
 shows the pros and cons of the two options. Considering simplicity and flexibility, we propose to consider option-1.
Proposal 3: We suggest to consider that localized and distributed ePDCCH are transmitted in a different PRB- pair.

3 Conclusion

We presented our views on on eREG and eCCE definitions and mappings for localized and distributed ePDCCH transmission, and we propose the following: 
Proposal 1: We propose to define eREG as a group of 4 consecutive REs in a OFDM symbols in the data region of a PRB-pair. In case of OFDM symbols with DM-RS, adjacent OFDM symbols are considered jointly in defining eREG.  
· REs are first grouped in frequency and then in time to define eREG numbering.  

Proposal 2: We propose to define eCCE as a group of N eREGs where the N could vary from sub-frame to sub-frame. The number of eCCEs in a PRB-pair is selected such that N could be close to 9 eREGs.

· For localised transmission eREGs are selected within a PRB-pair in a distributed manner to form eCCE.

· For distributed transmission eREGs are selected within M PRB-pairs in a distributed manner to form eCCE and M is configurable parameter. 

· The number of eCCEs in a PRB pair shall be:

· 3 or 4 for normal sub-frames
· 2 or 3 for special sub-frames
Proposal 3: We suggest to consider that localized and distributed ePDCCH are transmitted in a different PRB- pair.
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