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1. Introduction 
In RAN1 #69 meeting, some agreements were reached on ePDCCH searching space and multiplexing design:
· At least for USS, a RE that collides with any other signal is not used for ePDCCH

· Coding chain rate-matching is used around:


· CRS 

· New antenna port on NCT

· Region up to the PDSCH starting position

· PBCH and PSS/SSS if ePDCCH transmission in these PRB pairs is supported 

· Around ZP and NZP CSI-RS configured for the UE receiving ePDCCH:

· Working assumption that coding-chain rate matching is used
· FFS whether anything needs to be specified in relation to PRS 

· 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) 

· FFS whether ePDCCH can be transmitted in PRB pairs in which:

· PBCH is transmitted

· PSS/SSS is transmitted

· PSS/SSS collide with DMRS

In this contribution, some remaining issues are discussed which include 
· Number of eREGs in a PRB pair

· Exact eREG mapping to REs

· Number of eREGs in an eCCE for distributed transmission, and number of eCCEs in a PRB pair for localised transmission

· Whether ePDCCH can be transmitted in PRB pairs in which PBCH or PSS/SSS are transmitted
2. Remaining issues for ePDCCH design
2.1. Support of eCCEs in localized ePDCCH transmission
Similar to legacy PDCCH,  eCCEs were introduced for ePDCCH, which is considered as the smallest scheduling unit of control channel element  at least from logical channel perspective. Whether to further split eCCE into smaller units is still an open issue. Some companies have proposed to further split eCCE into smaller units, which can be called eREGs, at least for distribute ePDCCH transmission [1].  It is similar to the REG as defined in Rel-8 legacy PDCCH. In Rel-8, each REG consists of 4 REs, which could be consecutive in the frequency domain. The main purpose of introducing REG in Rel-8 is for the convenience of interleaving and implementation of transmit diversity. 
In Rel-11, two types of transmission will be supported for ePDCCH, namely, the localized transmission and distributed transmission. For localized transmission, the REs to carry the ePDCCH for a particular UE would in general be allocated consecutively without interleaving with other ePDCCH. This would facilitate the support of channel dependent beamforming and frequency selective scheduling. On the other hand, unlike Rel-8 where Alamouti coding is used as the transmit diversity for legacy PDCCH,  the transmit diversity adopted for ePDCCH in Rel-11 would be implementation dependent beamforning.  These changes on ePDCCH seems to remove the need of further splitting eCCEs into eREGs at least for localized transmission. 
For the number of eCCEs supported within a PRB pair for localized transmission, there are a number of options, ranging from 2-4 for a FDD subframe.  In our view, 4 could be a good choice for normal CP  and 2 for extended CP based on the following considerations: 
· As up to 4 DMRS ports would be used for ePDCCH demodulation within a PRB in case of normal CP, and it was agreed that there is implicit association between DMRS ports and eCCE index, allocating 4 CCEs in a PRB pair would allow an one-to-one association between DMRS port and all eCCEs within a PRB pair. 
· Allocating 4 eCCEs in a PRB pair could lead to about 25 REs (assuming 3 symbols for legacy PDCCH, 2 CRS ports, and no  CSI-RS) per eCCE, which provides a finer granularity than  the CCE of legacy PDCCH. Although allocating 3 eCCEs in a PRB pair could make the size of eCCE closer to that of CCEs,   it would need to introduce new aggregation levels  such as 3 and 6 in order to have E-PDCCH aligned with the PRB boundary.  Otherwise, some existing aggregation levels (ALs) (like AL=4,8) would not align with PRB boundary,  which may lead to some DMRS association  and detection issue. For example, different DMRS ports may need to be assigned to an ePDCH in different PRBs, which is not in-line with the existing agreement that one DMRS port is used for an ePDCCH  
· On the other hand, allocating 2 eCCEs in a PRB pair for normal CP could lead to eCCEs with a larger size (e.g. 50 REs) as compared with that of  the CCEs (36 REs).
· In case of extended CP, there is only two DMRS ports defined, so it would be appropriate to divided a PRB pair into two eCCEs  
On mapping of ePDCCH to REs within the allocated eCCEs, it is believed that some simple mapping such as that similar to PDSCH mapping could be used, i.e., mapping ePDCCH symbols to REs along frequency direction followed by time over the allocated eCCEs.  Some alternatives would be to spread the symbols of an ePDCCH across the whole PRB pairs and interleaved with symbols from other ePDCCHs to achieve more even payload size as well as some diversity. However, the gain of such operation may not bring much benefit but yet make the specification a bit more complicated. 
To summarize our views, the following proposals could be considered
Proposal:
· For localized transmission, only support eCCE as the smallest control channel element without the need to further split it into eREGs.
· Allocating four  eCCEs  in a PRB pair for normal CP and two eCCEs in a PRB pair for extended CP .   
· Mapping ePDCCH to REs first along frequency direction followed by time direction over the allocated resources (eCCEs)
2.2. Support of eREGs in distributed ePDCCH transmission

For distributed ePDCCH transmission, as it was agreed to even support aggregation level (AL) equal to 1, splitting eCCE further into smaller unit such as eREG could help to achieve more diversity gain, especially frequency diversity gain. For example, an eCCE could further consist of a number of eREGs, which could be spread and transmit from different resource blocks for more frequency diversity gain. In terms of defining eREGs for distributed ePDCCH transmission, some aspects needs to be considered
1. The association between eREG and antenna port (AP). This is because there are more eREGs than AP in a PRB pair, which means a multiple-to-one mapping relation needs to be built up.

2. The definition of eREGs. There are diffident ways of partitioning a PRB pair to obtain eREGs, which includes TDM, FDM and may be combination of TDM/FDM. 
3. For extended CP case, as there are only two TPs.  The association of eREGs and TPs would be different from normal CP.
4. Distributing eREGs across the spectrum for diversity gain.  The eREGs of an ePDCCH would be distributed across the system bandwidth for transmission in order to obtain frequency diversity gain. The way to distribute eREGs of an ePDCCH could be either pre-determined, or through an interleaving process with all eREGs from all ePDCCH.
2.3. Support of ePDCCH transmission in PRB pairs where PSS and SSS are transmitted

In RAN1 #69 meeting, it was agreed that rate-matching will be applied to ePDCCH to work around those REs used to transmit PSS/SSS. It is FFS whether ePDCCH should be transmitted in PRB pairs where PSS and SSS are transmitted. 

Rel-8 PSS and SSS are transmitted in the last two symbols in slot 0 and 10 over the central 6 PRBs of the system bandwidth for FDD.  As the DMRS ports (denoted as ports {107,108,109,110}in [2]) used for demodulation of ePDCCH will be transmitted also on these two symbols, collision would occur.  Similar concerns exist for TDD.  In general, PSS/SSS should be kept untouched without puncturing due to its importance in synchronization operation for the whole system, the options left could be as follows
1. Transmit PSS/SSS in other OFDM symbols

2. Puncture DMRS on those symbols where collision occur

3. Move DMRS transmitted on those two OFDM symbols to other OFDM symbols

The options 1 and 3 as mentioned above would require new design efforts and may be  hard  to accomplish within the given  timeframe of Rel-11.  The option 2 may need the least efforts among the three options. However, considering the fact that if the DMRS on those two symbols are punctured, the DMRS symbols within a subframe would be reduced by half,  that could greatly impact the performance of ePDCCH.  To avoid such situation, it would be better to not schedule any ePDCCH transmission in those PRB pairs where PSS/SSS are transmitted for Rel-11. In another word, an ePDCCH region should not include those PRBs where PSS/SSS are transmitted. 
Proposal:
· For Rel-11, ePDCCH should not be configured/scheduled in PRB pairs where PSS/SSS are transmitted. 
3. Conclusions

In this contribution, some remaining issues related to ePDCCH design are discussd. To summarize the discussion, the following points could be considered
· For localized transmission, only support eCCE as the smallest control channel element without the need to further split it into eREGs.

· Allocating four  eCCEs  in a PRB pair for normal CP and two eCCEs in a PRB pair for extended CP .   

· Mapping ePDCCH to REs first along frequency direction followed by time direction over the allocated resources (eCCEs)

· For Rel-11, ePDCCH should not be configured/scheduled in PRB pairs where PSS/SSS are transmitted. 
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