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1 Introduction

At the RAN1#70 meeting, substantial progress has been achieved on the details of eREG/eCCE design for EPDCCH [1]:
· The specification supports the case that an eCCE is formed by N eREGs in distributed and localized
· N= 4 in following cases. (This corresponds to 4 eCCEs per PRB pair in localized transmission.)
· In normal subframe (normal CP) or special subframe configs 3,4,8 (normal CP) 
· N=8 in following cases. (This corresponds to 2 eCCEs per PRB pair in localized transmission)
· Special subframe configs 1,2,6,7,9 (normal CP)
· Normal subframe (extended CP) and special subframe configs 1,2,3,5,6 (extended CP) 
· Aggregation levels supported for EPDCCH are:

· In normal subframes (normal CP) or special subframe configs 3,4,8 (normal CP), and the available REs in a PRB pair is less than Xthresh, 

· For localised: 2, 4, 8, working assumption 16 subject to feasible search space design

· For distributed: 2, 4, 8, 16, working assumption 32 subject to feasible search space design

· In all other cases:

· For localised: 1, 2, 4, working assumption 8 subject to feasible search space design

· For distributed: 1, 2, 4, 8, working assumption 16 subject to feasible search space design

· Working assumption that Xthresh = 104

· Total number of ePDCCH USS blind decodes per CC is 32 or 48 depending on configuration of UL MIMO

· The UE is not expected to receive EPDCCH in a special subframe with special subframe configuration 0 or 5 in normal CP, or special subframe configuration 0, 4, or 7 in extended CP.
· The eREG to RE mapping is fixed in specifications given the Frame structure type, subframe configuration and CP length

· Special subframes with the same DMRS positions have the same eREG to RE mapping

· The eREG to RE mapping does not depend on the PRB pair#, subframe#, legacy control region size, DwPTS length or presence of other signals such as CRS,CSI-RS,PRS,

· eREG indices are sequentially mapped  to the REs without REs for DMRS (24 for normal CP and 12 for extended CP) in a frequency first and then time manner, within each PRB pair 

· It is FFS whether to support cyclic shift of the assigned eREG indices in each OFDM symbol or further rearrangement in the OFDM symbols carrying DMRS.

However, there are still some remaining open issues to be finalized. In this contribution, we provide our considerations on these open issues.
2 Discussion
2.1 Scrambling sequence
Since Rel-8, a cell-specific scrambling sequence has been applied to PDCCH, where the scrambling sequence generator is initialized using a cell specific equation
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. The scrambling sequence for EPDCCH has not yet been decided [2]. However, given that the EPDCCH, as well as the associated DMRS scrambling sequence [3], is UE specific configured, it may also be beneficial to introduce UE specific scrambling for EPDCCH. Considering in CoMP Scenario 4 where all the transmission points (TPs) shares the same cell ID, if the same PRB pairs are used for EPDCCH among the TPs, the inter TP interference may become significant if the same scrambling sequence is applied among TPs. Moreover, unlike the PDCCH case, MU-MIMO can be used for EPDCCH transmission. As a result, the inter-UE interference should be taken into account, which also suggests that a UE specific scrambling need to be applied. 

The UE specific scrambling sequence generator should be initialized at the start of each subframe by:
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,
which is similar to the existing PDSCH scrambling initialization as defined in [2], with the exception that only single codeword transmission is assumed per UE per subframe.
Besides the above issue, there are some further details to be considered. The 
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 may be set as the C-RNTI, Temporary C-RNTI or SPS C-RNTI. It can be further decided on whether only one of them (e.g. C-RNTI) is selected, for the sake of reducing the decoding complexity of UE. However, in some scenario the C-RNTI may not be available, only the Temporary C-RNTI is available. Such aspect may need further study.

Proposal 1: The UE specific scrambling sequence is adopted for EPDCCH. The scrambling sequence generator should be initialized at the start of each subframe by
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, where the 
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 can be FFS.
2.2 Cyclic shift
The number of available REs for each eREG in a PRB pair may change dramatically, due to the presence of other signals or channels. Consequently, the number of the available REs and the coding rate may be unbalanced between different eCCEs consisting of different eREGs. In order to harmonize the number of available REs among different eCCEs, applying cyclic shift on the assigned eREG indices in each OFDM symbol can be considered. With the aid of cyclic shift, the amount of available REs can be statistically balanced among different eCCEs.
Moreover, applying a cyclic shift scheme may also equalize the distance between eREGs and DMRS, so that statistically similar channel estimation performance can be achieved for each eREG. With the eREG cyclic shift used, the eCCE to eREG mapping randomization is not needed [4], which can simplify the system design.

From the perspective of interference mitigation between TPs or cells, the cyclic shift also helps to randomize the interference between TPs or cells. It can be configured by higher layer signaling, and cyclically shift the eREG indices based on the cell ID or VCID, for the sake of inter-TP coordination. Hence we suggest that:
Proposal 2: The cyclic shift of the eREG indices is supported and configured by higher layer signaling.
2.3 Inter cell interference coordination
The design of EPDCCH naturally supports inter-cell interference coordination (ICIC) at the PRB level. In [5] there are some concerns on the overhead of PRB level ICIC, and it is proposed to further support the interference coordination on the eCCE level. However, such a scheme requires more stringent time synchronization among cells, which limits its applicable scenarios. 
Moreover, the gain of such eCCE level ICIC is not clear in comparison with the PRB level ICIC. Even if the EPDCCH REs can be coordinated among cells or TPs, the collision of DMRS from different cells/TPs is anyway unavoidable, which reduces the attainable gain of ICIC.

Furthermore, it is worth noting that the existing PDSCH ICIC feature in X2 interface can be readily reused for the PRB level ICIC. In contrast, additional standardization efforts are needed for supporting the eCCE level ICIC. This may be challenging especially taking into account the Rel-11 timeframe.
On the other hand, the overhead of PRB level ICIC may not really be an issue. Many existing techniques, e.g. S-FFR, can also be jointly applied to EPDCCH, which can mitigate this issue. Therefore, we suggest that:
Proposal 3: The PRB level ICIC is the baseline for EPDCCH. The eCCE level ICIC is not supported in Rel-11.
Nonetheless, we do not mean to explicitly preclude the possibility by specifying a resource mapping that is incompatible with eCCE level ICIC. Instead, optimization methods targeting such ICIC schemes can be left to future releases.
2.4 Collision with PRS
The collision of EPDCCH with PRS has been discussed in the RAN1 #69 meeting [6], but has not been concluded yet. The positioning reference signals (PRS) has been introduced since Rel-9 for LTE positioning. In the case of both EPDCCH and PRS are configured, proper handling of mapping of EPDCCH in the PRB pair in presence of PRS should be considered. As the PRS is configured in a UE-specific way, each UE only knows the relevant configuration for its own PRS pattern. Consequently, the UE without the knowledge of the PRS configuration may fail to decode the EPDCCH in presence of PRS.

Such issue also exists in PDSCH RE mapping. In Rel-9, it is solved by puncturing the PDSCH REs for all UEs in the cell when the PDSCH is mapping to the PRB pair with PRS enabled [2]. The same approach may also be reused for EPDCCH.
Some concerns were raised on applying the same approach of PDSCH to EPDCCH, considering the more stringent performance requirement of EPDCCH than that of PDSCH. Without support of HARQ mechanism, the performance degradation of EPDCCH due to RE puncturing of PRS may not be ignorable, especially considering that the number of REs occupied by PRS within a PRB pair is not small. Therefore, the approach of coding chain rate-matching was proposed as an optimization for improving the performance of EPDCCH [7].
However, although the eNB has the knowledge of all the PRS configurations in the cell and can perform the corresponding rate matching operation, for those UEs that are not configured with PRS, they are unaware of PRS and thus rate matching is not feasible for them. Consequently, such optimization (i.e. coding chain rate-matching) is not applicable to a subset of UEs that are agnostic about PRS configuration.

On the other hand, as one of the design objectives of PRS subframes was to facilitate the “hearability” of neighbor cells by reducing the interference and increasing the RS energy, in practical LTE networks PDSCH or EPDCCH would be typically disabled in the PRB enabling PRS. RAN4 performance requirements also assume no presence of PDSCH in PRB containing PRS [8]. Therefore, if the performance does become a concern, the eNB anyway can choose to schedule UEs only in the PRS-free subframes, or in the PRB pairs of PRS subframes beyond the PRS bandwidth configured. Given that the bandwidth for enabling PRS in the PRS subframes is also configurable, and that the periodicity of PRS subframes is sufficiently long (i.e. 160ms/320ms/640ms/1280ms), the performance degradation due to disabling EPDCCH in PRS subframes concerned is expected to be insignificant. Hence, the optimization for EPDCCH is not necessary, especially considering the standardization efforts needed during the constrained timeline for Rel-11. Therefore, we suggest that:
Proposal 4: The EPDCCH RE is punctured by PRS similar to the case of PDSCH. It is not necessary to specify EPDCCH RE mapping in relation to PRS.
3 Conclusion

In this contribution, we provide our views on some remaining open issues of eCCE and eREG design. Based on the discussions, we propose that:
Proposal 1: The UE specific scrambling sequence is adopted for EPDCCH. The scrambling sequence generator should be initialized at the start of each subframe by[image: image6.wmf]ë
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Proposal 2: The cyclic shift of the eREG indices is supported and configured by higher layer signaling.
Proposal 3: The PRB level ICIC is the baseline for EPDCCH. The eCCE level ICIC is not supported in Rel-11.
Proposal 4: The EPDCCH RE is punctured by PRS similar to the case of PDSCH. It is not necessary to specify EPDCCH RE mapping in relation to PRS.
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