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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

In this contribution, we provide our considerations on the abovementioned open issues.
2 Discussion
2.1 Resources mapping
The PRB pairs of a normal subframe contain a total number of 168 REs, which is much larger than what is required for a single DCI. Thus multiplexing multiple DCIs within a PRB pairs is definitely necessary. Reusing the concept of CCE as a basic unit for assigning DCI and for blind decoding, which is similar to the design of legacy PDCCH, would therefore be a good starting point for ePDCCH design, in order for minimizing the changes to the specification and for reusing as much the characteristics of existing PDCCH as possible. As a baseline, the number of resource elements (REs) for this extended CCE (eCCE) should be the same as the legacy CCE, i.e. 36 REs per eCCE, so that the impact to the existing functionality and implementation can be effectively reduced.
Moreover, similar to the legacy CCE that is constituted by a number of REGs, it is also beneficial to further divide an eCCE into finer resource units, referred to as extended REG (eREG). Introducing a resource unit that is smaller than the eCCE is definitely desirable for distributed transmissions, because it enables the network to better spread the eREGs of eCCE in the frequency domain in order to exploit more frequency diversity gain, especially for low aggregation levels. As already pointed out in some earlier contributions [2]
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[4], the diversity order of 4 is desirable for low aggregation levels. Therefore, the eCCE should be further divided into at least two eREGs, for the sake of supporting order-4 diversity for a single eCCE, ending up some scheme combining with spatial diversity [5]. However, although dividing the eCCE to four eREGs enables order-4 frequency diversity even for aggregation level one, it may result in too many resource fragments spanning across the ePDCCH region. The pros and cons of such an option require further study.
Proposal 1: An eCCE is defined as the basic unit for DCI assignment and for blind decoding. The eCCE consists of 36 REs as baseline. 
Proposal 2: An eCCE is divided into two eREGs, each having 18 REs. The necessity of dividing eCCE into more eREGs is FFS.
The number of available REs per PRB pairs for ePDCCH may significantly vary from one subframe to another, depending on the presence of various common/control signals such as PSS, SSS, PBCH, CSI-RS, PRS, CRS, and the legacy PDCCH. Moreover, it was agreed that ePDCCH should be supported in MBSFN subframe, which makes the resource mapping even more complicated.
Some possible solutions are proposed at the RAN1#68bis meeting to resolve the collision issue. One is a rate matching based approach that tries to map the ePDCCH around the above-mentioned channels or signals, which is a solution similar to what has been used in PDSCH. Another one is a puncturing based approach, where the ePDCCH symbols are punctured whenever colliding with the special channels or signals [6].

From the perspective of processing complexity, the puncturing based approach may appear to be simpler, as it does not need to rate match around the REs occupied by various signals or channels. However, as the puncturing method reduces the number of non-interfered REs due to the collision from other signals, the eNB has to increase the aggregation level in resource allocation, for the sake of compensation of performance loss. Furthermore, the rate matching based solution was already adopted for PDSCH; therefore, it is easier to reuse this solution than puncturing also for ePDCCH.
Proposal 3: The rate matching based rather than the puncturing based approach is preferred.
2.2 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 concept has been demonstrated in legacy PDCCH and thus it is straightforward to be reused also for ePDCCH.
However, ePDCCH differs from the legacy PDCCH in that it supports not only distributed transmission mode but also localized transmission mode. Moreover, it also introduces a spatial component. Consequently, the number of blind decoding may be increased accordingly. In order to mitigate the complexity of blind decoding, it is worth further restricting the available aggregation levels for different ePDCCH transmission modes.
Considering that the localized transmission is used to exploit narrowband beamforming and/or frequency selective gains, the UE that is capable of utilizing localized transmissions typically stays in high SINR regime, which implies that very low coding rates (i.e. corresponding to high aggregation level) is not necessary. Therefore, the high aggregation level, e.g. aggregation level of 8 may be removed from the candidate list for localized transmission mode, which can help to reduce the number of blind decoding attempts.
On the other hand, the distributed ePDCCH with high aggregation level may result in excessive resource fragments in ePDCCH region. This issue can be well mitigated by employing distributed ePDCCH with low aggregation level. Thus, the low aggregation level should be supported for distributed transmission mode.
Proposal 4: Distributed ePDCCH supports both low and high aggregation levels, while localized ePDCCH supports low aggregation level only.
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. 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, as mentioned before, localized transmission is beneficial for UE to exploit beamforming and/or frequency selective gains. However, the channel and interference environments for a UE may change dynamically, thus configuring the UE to monitor the localized ePDCCH only would not be a robust solution for all scenarios. For instance, in some cases where the CSI becomes outdated at the eNB due to UE’s high velocity, a fallback solution that transmits ePDCCH in the distributed mode would be essential. Moreover, even if the localized transmission mode is possible for the UE, it is also beneficial to transmit ePDCCH in the distributed mode instead, in order to reduce the resource fragment in ePDCCH region. Therefore it is desirable for UE to monitor both localized and distributed ePDCCH candidates within the same subframe, which allows dynamically harvesting the benefits provided by localized and distributed transmissions.
On the other hand, for the UE that eNB does not have valid sub-band CSI feedback, such as high-speed UEs, it is not necessary for the UE to monitor the localized ePDCCH candidates. Nevertheless, configuring the UE to monitor only the distributed ePDCCH candidates is beneficial, because it can further reduce the number of blind decoding attempts.

Proposal 5: The UE should be allowed to monitor the distributed candidates only, or to monitor both localized and distributed ePDCCH candidates in the same subframe.
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 [7]. 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 [8]. This is because the power of DMRS may have to be halved and thus degrades the channel estimation performance.
On the other hand, recall Proposal 5, where it is suggested that eNB always configures the distributed ePDCCH candidates for each UE. In this case, the issue of resource fragment of ePDCCH may actually not be a big issue. Hence, sacrificing the attainable ePDCCH performance for exchanging for improved resource fragmentation seems not justifiable. Last but not least, given that the mapping rule will be quite different for localized and distributed ePDCCHs, multiplexing the distributed and localized ePDCCHs in the same PRB pairs will inevitably complicate the design of resource mapping for ePDCCH.

Therefore, it will be better to separate the localized and distributed ePDCCHs to different frequency regions. The UEs will be informed of which PRBs are reserved for distributed ePDCCH or localized ePDCCH. Such an indication can be signaled via higher layers or the physical layer.
Proposal 6: Multiplexing localized and distributed ePDCCHs within the same PRBs should not be supported.
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: An eCCE is defined as the basic unit for DCI assignment and for blind decoding. The eCCE consists of 36 REs as baseline. 

Proposal 2: An eCCE is divided into two eREGs, each having 18 REs. The necessity of dividing eCCE into more eREGs is FFS.

Proposal 3: The rate matching based rather than the puncturing based approach is preferred.
Proposal 4: Distributed ePDCCH supports both low and high aggregation levels, while localized ePDCCH supports low aggregation level only.
Proposal 5: The UE should be allowed to monitor the distributed candidates only, or to monitor both localized and distributed ePDCCH candidates in the same subframe.
Proposal 6: Multiplexing localized and distributed ePDCCHs within the same PRBs should not be supported.
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