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1 Introduction

In RAN1#66bis meeting, several motivations have been identified for introducing enhanced PDCCH (ePDCCH) as follows:
· Introduce an enhanced physical downlink control channel that is:
· able to support increased control channel capacity
· able to support frequency-domain ICIC
· able to achieve improved spatial reuse of control channel resource 
· able to support beamforming and/or diversity
· able to operate on the new carrier type and in MBSFN subframes
· able to coexist on the same carrier as legacy UEs

Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.
Our proposal is to define a uniform ePDCCH design to support above motivations. In this contribution, we consider some aspects of ePDCCH search space design and propose some starting points for further discussion.
2 ePDCCH common search space
In Rel-8/9/10, each UE monitors a UE specific search space and the common search space in PDCCH control region. Common search space is shared by all UEs. The common search space is used for common control information, such as SIB, paging and power control and for the handling of the search space conflict among UEs. 

For Rel-11 UEs that are configured to read the ePDCCH, a common search space may be necessary in following cases:

· To manage the conflict of UE specific search space
· The UE is an MTC device, which may only receive parts of the bandwidth, and therefore generally cannot receive the legacy PDCCH, which is distributed across the whole bandwidth;

We think determining ePDCCH design based on MTC assumptions is premature, since MTC scenario is still in discussion.
Therefore, currently we see only DCI format with CRC scrambled by C-RNTI is necessary. From UE behavior point of view, there is no difference between ePDCCH common search space and UE specific search space.
Proposals:

· If ePDCCH common search space is supported, only DCI format with CRC scrambled by C-RNTI is necessary. 
3 ePDCCH search space configuration
In Rel-8/9/10, PDCCH search space is defined by a set of PDCCH candidates at different aggregation levels {1,2,4,8}. Each candidate is composed of such a number of CCEs, which are distributed (more or less randomly) across the whole bandwidth to achieve diversity. The concepts of search space, aggregation level and CCEs can be reused in ePDCCH. 
Similar as R-PDCCH, ePDCCH will be transmitted in PDSCH region. And in order to support frequency-domain ICIC, ePDCCH candidates should be located on limited number of PRBs.  Therefore, ePDCCH candidates at different aggregation level can be configured by higher layer signaling. 
The configuration of a single ePDCCH candidate includes three parts: a combination of PRB pairs, CCE index within each PRB pair and antenna port of the PRB.
· Configuration of the combination of PRB pairs per ePDCCH candidate
Three possibilities for configuring the combination of PRB pairs for each candidate are listed below: 

· Full flexibility with bitmap:

Bitmap is used to indicate which PRB pairs are assigned for each ePDCCH candidate. It has full flexibility of assigning the PRB pairs across the whole bandwidth. Therefore, both localized and distributed allocation are supported for each candidate. However, it costs
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bits for each ePDCCH candidate.
· Limited flexibility with resource allocation type 0/1/2:
PDSCH resource allocation type 0/1/2 is used for indicating the PRB pairs for each ePDCCH candidate. Resource allocation type 0 supports localized allocation and resource allocation type 1/2 supports distributed allocation. Resource allocation type 0/1 costs 
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 bits for each ePDCCH candidate. P is the resource block group size, whose value depends on the bandwidth.  Resource allocation type 2 costs 
[image: image3.wmf]é

ù

)

2

/

)

1

(

(

log

DL

RB

DL

RB

2

+

N

N

bits for each ePDCCH candidate. In order to support PDSCH, the allocation scheme support large number of resource allocation. On the orther hand, such large number of resource indication would not be necessary for ePDCCH purpose.
· Full flexibility with enumeration:

Enumeration is used to indicate the index of each PRB pair belonging to the candidate. For example, 20MHz bandwidth has 100 PRB pairs, so it needs 7 bits to indicate the index of each PRB pair. In general, 
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 bits are needed to indicate the index of each PRB pair belonging to the candidate. The total number of bits cost for each candidate is (
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 * the number of PRB pair in a search space) bits
Table1: 
	
	Bitmap
	Resource allocation type 0/1/2
	Enumeration

	Achievable flexibility
	Full flexibility
	Limited flexibility
	Full flexibility

	Number of bits per candidate for 20MHz bandwidth
	100 bits
	Type 0/1: 25 bits

Type 2: 13 bits
	Maximum 7*8 =56 bits


Table 1 shows that both bitmap and enumeration have the full flexibility of assigning the PRB pairs for each candidate. However, bitmap costs much more bits, i.e. much more signaling overhead, compared with enumeration. Resource allocation type 0/1/2 costs fewer number of bits, but the flexibility is limited.
· Configuration of CCE index within each PRB pair per ePDCCH candidate
Rel-8/9/10 PDCCH can only be transmitted using a distributed allocation. The ePDCCH should be possible to be transmitted both in a localized and a distributed fashion. Therefore, original PDCCH methods of fully interleaved CCEs can not be reused. We propose to divide one PRB pair into 2 or 4  eCCEs. Then, eCCE index within each PRB pair to be used for aggregation should be indicated implicitly or explicitly.
· Explicit configuration (cost per indicated eCCE)

· 1 bit if there are 2 eCCEs per PRB pair
· 2 bits if there are 4 eCCEs per PRB pair
· Implicitly derived
· For the UE specific search space, the eCCE index can be derived from the UE ID (like C-RNTI)

· For the common search space, the eCCE index should be common for all the UEs sharing the common search space.
· Configuration of antenna port per ePDCCH candidate

If at most 4 antenna ports are supported for ePDCCH, the number of bits for antenna port is 2 bits.

From above, we can see that the most signaling overhead is the configuration of the combination of PRB pairs per ePDCCH candidate. Therefore, how to optimize the configuration of the combination of PRB pairs per ePDCCH candidate should be further studied.

Proposals:

· How to optimize the configuration of the combination of the PRB pairs per ePDCCH candidate should be further studied. 
4 Number of ePDCCH blind decoding trials
In Rel-8/9/10, UE blindly decodes 2 DL DCI formats and 1 or 2 UL DCI formats for each aggregation level candidate. The total number of blind decoding trial is 44 (=6x2 + 16x2) or 60 (=6x2 + 16x3). The number of blind decoding trials of ePDCCH should be limited within the reasonable complexity. There is tradeoff between number of DCI formats and the number of ePDCCH candidate.
Where the scheme of demodulation/decoding is different from single DM-RS port transmission scheme such as SFBC for Tx diversity, the number of the blind decoding should be counted as separate trials. One method is that the total number of blind trials is the same regardless of SFBC or not, but some blind trials are implicitly or explicitly indicated whether decoding should be assumed with SFBC or not.. 

Therefore, the total number of blind decoding trials is (number of candidates * number of DCI format for each candidate * number of Tx scheme supported for each candidate). It can be seen that, assuming the same number of blind decoding trials, one possibility is to support larger number of DCI formats and Tx schemes within fewer number of candidates; another possibility is to support different DCI formats and Tx schemes over larger number of candidates. The first one costs less signaling overhead for configuring the ePDCCH candidates, but the second one has more diversity by supporting different DCI formats or different Tx schemes on different ePDCCH candidates.   
5 Summary

This contribution discussed some aspects of ePDCCH search space design. Based on the discussion, the following proposals are made:
· If ePDCCH common search space is supported, only DCI format with CRC scrambled by C-RNTI is necessary. 
· How to optimize the configuration of the combination of the PRB pairs per ePDCCH candidate should be further studied. 
· We propose to divide one PRB pair into [2 or 4]  eCCEs
References

[1] R1-120237
"Multiplexing between DL assignment and UL grant," Panasonic 
[2] R1-120234
" Reference signals for enhanced PDCCH," Panasonic
[3] R1-120235
" Multiplexing between ePDCCH and PDSCH," Panasonic 







_1268818733.unknown

_1388935024.unknown

_1388936453.unknown

_1265514321.unknown

