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1   Introduction
In this document, we discuss the following aspects

· Options for configuring UESS for EPDCCH. 
· EPDCCH search space configuration for localised and distributed mapping.

· Transmission modes applicable for EPDCCH.
2   Discussion
Configuration of EPDCCH UESS  
To start monitoring EPDCCH UESS candidates, the UE has to receive EPDCCH set up signalling (e.g. PRB pairs on which EPDCCH monitored) from the eNB. We consider the following approaches for sending such set up signalling to the UE:
· Approach 1 – EPDCCH set up information is sent to the UE via UE specific RRC messages. CSS is used to assign the PDSCH corresponding to these RRC messages.
· Approach 2- EPDCCH set up information is sent to the UE via UE specific RRC messages. CSS or PDCCH based UESS is used to assign the PDSCH corresponding to these RRC messages. UE starts monitoring EPDCCH based UESS after receiving EPDCCH set up information. 

· Approach 3 – A common set of PRB pairs, on which all UEs in a cell monitor EPDCCH, is broadcast using one of the SIBs. UE specific EPDCCH set up information (i.e., RB indices of additional UE specific PRB-pairs in addition to the common PRB-pairs) is sent separately to each UE via UE specific RRC messages. EPDCCH based UESS (monitored initially on the common PRB-pairs) is used to assign the PDSCH corresponding to these RRC messages. UE starts monitoring EPDCCH based UESS on both the common and additional PRB pairs after receiving UE-specific EPDCCH set up information.
Approach 1 is not desirable as it leads to overloading of CSS. Approach 2 uses PDCCH UESS to set up EPDCCH UESS. Approach 3 de-links EPDCCH set up signalling from PDCCH UESS. However, this approach has larger specification impact. 
Given the smaller specification impact, our preference is to adopt Approach 2 for Rel11. 

Proposal 1: EPDCCH set up information is sent to the UE via UE specific RRC messages. CSS or PDCCH based UESS is used to assign the PDSCH corresponding to these RRC messages. UE starts monitoring EPDCCH based UESS after receiving EPDCCH set up information. 
EPDCCH search space 

Localised Transmission

Figure 1 shows EPDCCH search space candidates for localised EPDCCH transmission
[image: image1.emf] 

P

D

C

C

H

EPDCCH

EPDCCH

EPDCCH

EPDCCH

EPDCCH

EPDCCH

eCCE0,  eCCE1 ,  eCCE2,  eCCE3

eCCE4,  eCCE5,  eCCE6,  eCCE7

eCCE8,  eCCE9,  eCCE10,  eCCE11

eCCE12,  eCCE13,  eCCE14,  eCCE15

...

….,  eCCE_Necce_loc-1

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Allowed starting eCCE 

locations for L=1

Allowed starting eCCE 

locations for L=2

Allowed starting eCCE 

locations for L=4

Allowed starting eCCE 

locations for L=8

N_ecce_loc-1


Figure 1- EPDCCH search space for localised mapping

For localised mapping, each eCCE is mapped entirely within a single PRB-pair. An integer number of eCCEs (e.g. 4 eCCEs) are mapped to each PRB-pair. Since the number of PRB-pairs used for EPDCCH monitoring is a UE specific parameter, the total number of eCCEs monitored in a subframe (
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[image: image3.wmf]1

,

eCCE_loc

-

k

N

with eCCE0 corresponding to the first eCCE in the PRB-pair with the lowest RB index. Following similar terminology as that of Rel10, for subframe 
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, the eCCEs corresponding to EPDCCH candidate m of the EPDCCH localised search space 
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 (Eq. 1)
where 
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 is the total number of eCCEs in the localised search space in subframe 
[image: image10.wmf]k

, 


[image: image11.wmf]()

0,,1

L

mM

=-

L

 and 

[image: image12.wmf])

(

L

M

 is the number of EPDCCH candidates to monitor in the given search space and

and 
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is a hashing function.

For PDCCH search space, the starting CCE index (i.e., the CCE index of PDCCH candidate corresponding to
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For EPDCCH search space, since the eCCE indices for localised mapping are not interleaved, REs corresponding to adjacent eCCE indices are also physically adjacent. Given this, if an approach similar to PDCCH is followed, the ability of the eNB to transmit EPDCCH in a frequency selective manner (i.e., EPDCCH candidates on different PRB-airs) is severely reduced. For example, considering figure 1, if the starting eCCE index for aggregation level 1 is eCCE8, and 4 candidates are monitored at aggregation level 1, they will be {CCE8, CCE9, CCE10, CCE11}. As all these candidates are present in the same PRB-pair, frequency selective transmission of EPDCCH is not possible. In order to avoid this, we propose that, for EPDCCH, the starting eCCE index of each EPDCCH candidate is determined based on a hashing function 
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 (Eq. 2)
where  
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. This spreads the eCCE candidate indices across all the configured PRB-pairs and allows the eNB the flexibility to pick the appropriate candidate based on CSI feedback. Another aspect of the proposed search space is - for higher aggregation levels, the allowed starting eCCE indices are restricted (i.e., {0,2,4,6..} for L=2, {0,4,8..} for L=4 ) such that eCCEs of a given EPDCCH candidate are adjacent as much as possible. For example, considering figure 1, if 4 eCCEs are mapped per PRB-pair, all EPDCCH candidates up to aggregation level 4 have eCCEs that occupy the same PRB-pair. 
Proposal 2: For localised mapping, the eCCEs corresponding to EPDCCH candidate m in subframe 
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of the EPDCCH localised search space 
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 is the total number of eCCEs in the localised search space in subframe 
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Distributed Transmission

Figure 2 shows EPDCCH search space candidates for distributed EPDCCH transmission.
[image: image29.emf] 

P

D

C

C

H

EPDCCH

EPDCCH

EPDCCH

EPDCCH

EPDCCH

EPDCCH

eREG0',  eREG1 '...eREG15'

eREG16',  eREG17'...eREG31 '

eREG32,  eREG33  ...eREG47'

eREG48',  eREG49'  ...eREG63'

0' 1' 2' 3' n’

(Nereg-1)’

4' 5' 6' 7' 8' 9' 10' 11'

Interleaver

0 1 2 3 n

Nereg-1

4 5 6 7 8 9 10 11

eCCE0 eCCE1 eCCE2 eCCE_Ndecce - 1

EPDCCH

EPDCCH

eREG0',  eREG1 '...eREG15'

eREG16',  eREG17'...eREG31 '

eREG32,  eREG33  ...eREG47'

eREG48',  eREG49'  ...eREG63'


Figure 2- EPDCCH search space for distributed mapping

As shown in the figure, PRB-pairs used for distributed mapping are grouped into PRB-pair-groups. A similar proposal was made in [2]. Each PRB-pair group is considered by the UE as a separate search space. Within each PRB-pair-group, the REs are first grouped into eREGs. For the example shown in figure 2, each PRB-pair-group has 64 eREGs (16 eREGs per PRB pair). The number of eREGs in a PRB-pair is fixed in the specification. The number of PRB-pairs in a PRB-pair-group may be fixed or made configurable from a fixed set of values. 
The eREGs are first indexed as  
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 is the number of eREGs in a PRB-pair-group. These indices are then interleaved (using the same sub-block interleaver as in Rel10). The interleaved eREGs with logical indices 
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 are then grouped into eCCEs. For the example shown in Figure 2, four eREGs are grouped into one eCCE. The eCCEs within each distributed search space are indexed as 
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Following similar terminology as that of Rel10, for subframe 
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, the eCCEs corresponding to EPDCCH candidate m of the EPDCCH distributed search space 
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where 
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Unlike localised mapping, the equation for determining the search space candidates and the hashing function for EPDCCH distributed mapping can be similar to that of Rel10 PDCCH since the eCCEs for distributed transmission are created using interleaved eREGs (similar to interleaved REGs used for PDCCH).

PRB-pairs used for localised mapping and PRB-pair-groups used for distributed mapping can be configured separately. The UE is expected to be configured to monitor one EPDCCH distributed search space (EDS) and/or one EPDCCH localised search space (ELS). Configuring the UE with multiple EDSs does not give much gain as the blind decodes have to be split between the different EDSs. However, the network can have multiple EDSs and configure different groups of UEs to monitor different EDSs. 
Proposal 3a: PRB-pairs used for distributed mapping are grouped into PRB-pair-groups. Each PRB-pair group is considered by the UE as a separate search space.

Proposal 3b: eCCEs for distributed mapping are created using interleaved eREGs. The number of Resource Block Pairs per PRB-pair-group (which determines
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Proposal 3c: eCCEs corresponding to EPDCCH candidate m of the EPDCCH distributed search space 
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 is the number of eCCEs in a PRB-pair-group in subframe 
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Proposal 4: The UE to be configured to monitor one EPDCCH distributed search space (EDS) and/or one EPDCCH localised search space (ELS)

Transmission modes applicable to EPDCCH
Transmission modes that support DMRS based transmission schemes and CSI-RS based feedback reporting (i.e., tm9 and any new CoMP related transmission modes agreed for Rel11) should be supported with EPDCCH. With regard to supporting other transmission modes, aspects such as the relevant use cases, likelihood of deployment, specification and testing complexity should be carefully considered. For example, tm5 has not been deployed until Rel10, and it is quite unlikely that it will be deployed with EPDCCH in Rel11 or in a future release. Given this, we do not see a need for supporting tm5 with EPDCCH. For tm1-tm8, since the UE is not expected to receive CSI-RS in these TMs, the combination of tm1-tm8 with EPDCCH is not relevant for CoMP Scenario 4. Further, if EPDCCH is used for tm1-8, only distributed mapping can be used (due to absence of CSI-RS based feedback). As shown in [1], distributed EPDCCH performance is at least 2.6-3dB worse than PDCCH. Given this, the system performance benefit of using tm1-8 with EPDCCH instead of PDCCH is not clear. 

Considering these aspects, for Rel11, we prefer to support EPDCCH only with transmission modes that support DMRS based transmission schemes and CSI-RS based feedback reporting (i.e., tm9 and any new CoMP related transmission modes agreed for Rel11).

Proposal 5: EPDCCH is supported only with transmission modes that support DMRS based transmission schemes and CSI-RS based feedback reporting (i.e., tm9 and any new transmission mode(s) agreed for Rel11).
EPDCCH Scrambling initialization 

EPDCCH scrambling initialization is an open issue which was addressed briefly in the email discussion on the draft CR for 36.211. For Rel-10, the PDCCH scrambling sequence generator is initialized using the equation 
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 implying that the scrambling sequence initialization is cell-specific. Given the EPDCCH is UE-specific, it is proposed that the scrambling sequence generator is also UE-specific (similar to the PDSCH scrambling sequence generator) i.e. scrambling sequence generator for EPDCCH shall be initialised at the start of each subframe using
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where 
[image: image45.wmf]RNTI
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 corresponds to the RNTI associated with the EPDCCH transmission. Note that since a UE monitors DCI scrambled by C-RNTI and SPS C-RNTI, it is further proposed that 
[image: image46.wmf]RNTI

n

 should correspond to the UE’s C-RNTI. 
Proposal 6: The scrambling sequence generator for EPDCCH shall be initialised at the start of each subframe using
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where 
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 corresponds to the UE’s C-RNTI.

3   Conclusions
We propose the following
Configuration of EPDCCH UESS  

Proposal 1: EPDCCH set up information is sent to the UE via UE specific RRC messages. CSS or PDCCH based UESS is used to assign the PDSCH corresponding to these RRC messages. UE starts monitoring EPDCCH based UESS after receiving EPDCCH set up information. 

EPDCCH Search Space for localised and distributed mapping
Proposal 2: For localised mapping, the eCCEs corresponding to EPDCCH candidate m in subframe 
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of the EPDCCH localised search space 
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 is the total number of eCCEs in the localised search space in subframe 
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Proposal 3: eCCEs corresponding to EPDCCH candidate m of the EPDCCH distributed search space 
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 is the number of eCCEs in a PRB-pair-group in subframe 
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Proposal 3a: PRB-pairs used for distributed mapping are grouped into PRB-pair-groups. Each PRB-pair group is considered by the UE as a separate search space.

Proposal 3b: eCCEs for distributed mapping are created using interleaved eREGs. The number of Resource Block Pairs per PRB-pair-group (which determines
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) can be configurable from a fixed set of values. 

Proposal 4: The UE to be configured to monitor one EPDCCH distributed search space (EDS) and/or one EPDCCH localised search space (ELS)

Transmission Modes applicable to EPDCCH
Proposal 5: EPDCCH is supported only with transmission modes that support DMRS based transmission schemes and CSI-RS based feedback reporting (i.e., tm9 and any new transmission mode(s) agreed for Rel11).

Scrambling sequence initialisation for EPDCCH
Proposal 6: The scrambling sequence generator for EPDCCH shall be initialised at the start of each subframe using
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where 
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 corresponds to the UE’s C-RNTI.
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� If CIF is supported with EPDCCH and if the UE is configured with CIF then � EMBED Equation.3  ��� where � EMBED Equation.3  ��� is the carrier indicator field value.


� If CIF is supported with EPDCCH and if the UE is configured with CIF then � EMBED Equation.3  ��� where � EMBED Equation.3  ��� is the carrier indicator field value.
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