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1 Introduction

At the RAN1#68bis meeting, the following open issues of ePDCCH were identified for next-step studies [1]:
· Consider how to handle mapping of ePDCCH in presence of other signals:

· Possible methods:

· puncturing of REs including coded symbols

· puncturing of REs from “(e)REG/(e)CCE”with rate matching in coding chain

· rate matching for coding chain together with mapping “(e)REG/(e)CCE” around the other signals

· Consider all other potentially colliding signals, including CRS, legacy control region, PSS/SSS, PBCH, PRS, CSI-RS, DM-RS

· Then consider “(e)REG/(e)CCE” definitions 

· Then determine necessary aggregation levels and relationship to localised and/or distributed transmission. 

· Consider whether multiplexing of localised and distributed ePDCCH parts is needed in same PRBs

· Study “fallback” operation and need for localised and distributed USS candidates in same subframe

The search space and multiplexing design for ePDCCH were discussed at the RAN1#69 meeting with the following agreement reached:
· Distributed transmission should be supported also for aggregation level 1

In this contribution, we provide our considerations on the search space and multiplexing design for ePDCCH.
2 Discussion

2.1 Search space
Since Rel-8, the number of CCEs used to carry PDCCH varies according to the designated aggregation level. The eNB may decide to transmit the PDCCH on one of the aggregation levels (i.e. 1, 2, 4 or 8 CCEs) according to radio channel conditions. Such a concept has been demonstrated in legacy PDCCH exhibiting a reasonable performance, and thus it is straightforward to be reused also for ePDCCH. The existing aggregation levels can be reused for ePDCCH, too.
However, ePDCCH differs from the legacy PDCCH in one way that the number of available REs per eCCE is variable in presence of other legacy channels and signals within the PRB pairs [2]. Consequently, the effective coding rate of an eCCE may be significantly reduced in comparison to that of a CCE on the same aggregation level, depending on the overhead [3]. To deal with this issue, it was proposed to adopt some additional aggregation level higher than 8 [4].
Nonetheless, there are still some other aspects to be considered. Note that another difference between ePDCCH and the legacy PDCCH is that the former supports not only distributed but also localized transmissions. Given that ePDCCH supports these two different transmission modes, as well as an additional spatial component, the number of blind decoding may be increased accordingly for ePDCCH in comparison to the legacy PDCCH. In order to mitigate the complexity of blind decoding, it is worth restricting the available aggregation levels for ePDCCH to an appropriate number.

Moreover, recall that localized transmission is used to exploit narrowband beamforming and/or frequency selective gains. The UE qualified for localized transmissions typically stays in high SINR regime, implying that very low coding rates (i.e. corresponding to high aggregation level) may be unnecessary. Therefore, the additional aggregation level higher than 8, e.g. the aggregation level of 16 may not be necessary for localized transmissions. The absence of higher aggregation levels can help to reduce the number of blind decoding attempts. On the other hand, the distributed ePDCCH with an additional higher aggregation level may result in excessive resource fragments in ePDCCH region, which is not desirable from the perspective of efficient resource utilization. Therefore, we suggest that
Proposal 1: Aggregation levels {1, 2, 4, and 8} are reused for the ePDCCH search space for both localized and distributed transmissions. It is not necessary to introduce new aggregation levels for ePDCCH in Rel-11.
2.2 Fallback operation
The fallback operation has been supported for PDCCH since Rel-8, by ensuring UE only to monitor the DCI 0/1A in the common search space. However, it is still under discussion on whether to support fallback operation for ePDCCH, and if so, how to support the fallback operation.
It is worth noting that the ePDCCH is likely to be UE-specifically configured. During the configuration and reconfiguration of the ePDCCH, there are some subframes where the UE and eNB may have different understandings on which set of resources the UE would monitor. Similar to the case of legacy PDCCH, such ambiguity in ePDCCH can also be avoided by enabling the fallback operation.
Furthermore, the channel and interference conditions for the UE may change dynamically due to the nature of mobile radio environments. In the cases where the CSI becomes outdated at the eNB due to high velocity of the UE, a fallback solution would be essential for maintaining robust communication. Therefore, we suggest that

Proposal 2: Fallback operation should be supported for ePDCCH.
There are two options to support fallback operation for ePDCCH.
1) Distributed transmission of ePDCCH is used for fallback operation;

2) Legacy PDCCH fallback operation is reused for ePDCCH.
With option 1), the UE is configured to monitor both localized and distributed ePDCCH at the same time, where distributed ePDCCH is used for fallback operation. Since the fallback operation is conducted in the ePDCCH, it does not consume the capacity of legacy PDCCH. This is a desirable result considering the limited capacity of common search space of PDCCH. Furthermore, as the UE does not need to monitor the UE-specific search space in legacy PDCCH, it is favorable when supporting small-bandwidth devices such as low-cost MTC equipment. Some concerns may be raised concerning that it requires the UE to monitor two ePDCCH transmission modes at the same time. However, as it is natural to support common search space in distributed ePDCCH, such a design is more future-proof.
On the other hand, option 2) reuses the existing fallback solution of legacy PDCCH also for ePDCCH, which imposes minimum impacts to existing specifications. Moreover, it was already agreed at the RAN#56 meeting that common search space is not introduced for ePDCCH in Rel-11 due to the tight Rel-11 timeframe [5]. Consequently, the UE configured with ePDCCH anyway still has to monitor the legacy PDCCH, at least for common search space. As a result, reusing the existing Rel-10 solution for ePDCCH fallback seems to be straightforward. In the case of common search space is supported for ePDCCH in future releases, the fallback operation can also be supported in the ePDCCH.
Proposal 3: The common search space and DCI 0/1A are reused for fallback operation in ePDCCH.
2.3 Multiplexing of distributed and localized ePDCCHs
It has been agreed that both distributed and localized ePDCCHs should be supported in Rel-11. However, the design objectives of localized and distributed ePDCCHs are naturally different. Localized transmission is beneficial for UE to exploit beamforming and/or frequency selective gains, while distributed transmission is desirable for ensuring robust transmission without reliable sub-band CSI feedbacks. Therefore, how to multiplex different types of ePDCCHs needs to be carefully studied. More especially, the following two issues regarding multiplexing of these two ePDCCHs needs to be considered:

1) Whether the UE should monitor the localized and distributed ePDCCH candidates in the same subframe, and
2) Whether multiplexing of localized and distributed ePDCCHs is needed in the same PRBs.
With respect to the first question, the main motivation of always monitoring the distributed ePDCCH by UE is to support common search space and fallback operation in ePDCCH. However, according to the agreement, common search space is not introduced for ePDCCH in Rel-11. Consequently, it is not necessary to configure both localized and distributed ePDCCH for UE to monitor in the same subframe.
Proposal 4: UE is not necessary to be configured to monitor both localized and distributed ePDCCH in the same subframe in Rel-11.
Although it is agreed that both distributed and localized transmission modes of ePDCCHs should be supported, it is still not clear whether they should be multiplexed within the same PRB pairs. It should be noted that both transmission modes have significantly different characteristics [6]. Though multiplexing the two transmission modes within the same PRB pair may help to maximize resource utilization (and thus reduce the fragmented resource) of ePDCCH, it will penalize the performance of the multiplexed ePDCCH [7]. This is because the power of DMRS may have to be halved and thus degrades the channel estimation performance.
Moreover, due to the utilization of shared un-precoded DMRS for distributed transmission, it is challenging to support MU-MIMO in the PRB pair, where some of the antenna ports are already allocated to distributed transmission. Consequently, multiplexing the two transmission modes within the same PRB pair may neither help to reduce the antenna port blocking issue nor to increase the spectral efficiencies.
Last but not least, given that the mapping rule may be quite different for localized and distributed ePDCCHs, multiplexing the distributed and localized ePDCCHs in the same PRB pair will inevitably complicate the design of resource mapping for ePDCCH [3][7].

In summary, although from some aspects it might be beneficial to multiplex both localized and distributed ePDCCHs in the same PRB pair, it requires lots of efforts to tackle the negative aspects, which seems to be challenging for Rel-11 timeframe. Therefore, we suggest that we do not specifically design the multiplexing of both ePDCCH transmission modes in the same PRB pair in Rel-11. Note that this does not preclude multiplexing both transmission modes, although no optimization targeting such multiplexing should be supported in Rel-11. Any potential optimization work may be left to future releases.
Proposal 5: The system is not specifically designed to support multiplexing localized and distributed ePDCCHs within the same PRBs in Rel-11.
3 Conclusion

In this contribution, we provide our views on the issues related to ePDCCH search space and resource multiplexing. Based on the discussions, we propose that:
Proposal 1: Aggregation levels {1, 2, 4, and 8} are reused for the ePDCCH search space for both localized and distributed transmissions. It is not necessary to introduce new aggregation levels for ePDCCH in Rel-11.
Proposal 2: Fallback operation should be supported for ePDCCH.
Proposal 3: The common search space and DCI 0/1A are reused for fallback operation in ePDCCH.
Proposal 4: UE is not necessary to be configured to monitor both localized and distributed ePDCCH in the same subframe in Rel-11.
Proposal 5: The system is not specifically designed to support multiplexing localized and distributed ePDCCHs within the same PRBs in Rel-11.
4 References

[1] R1-12xxxx, “Chairman notes of RAN1 #68bis”, Mar. 2012.
[2] R1-123429, “RE mapping for ePDCCH in presence of other channels and signals”, New Postcom, Aug. 2012.

[3] R1-123442, “Remaining details of eCCE and eREG”, New Postcom, Aug. 2012.
[4] R1-122002, “On aggregation levels for ePDCCH”, Ericsson, ST-Ericsson, May 2012.
[5] RP-120xxx, “Draft report of RAN#56”, Jun. 2012.
[6] R1-120998, “UE-specific search space for ePDCCH”, Huawei, HiSilicon, Mar. 2012.
[7] R1-121645, “Further discussion on E-PDCCH structure”, Samsung, Mar. 2012.












































































































































































































































































































PAGE  
3

