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1. Introduction

In RAN1#68bis, the following wayforward were made on the design of ePDCCH:

Way forward until RAN1#70:

· Aim to include the possibility to multiplex (from eNB perspective) localized and distributed ePDCCHs in the same PRB pair in the ePDCCH design (search space, antenna port mapping, eREG) if possible without unacceptable adverse impacts. 

· FFS from UE perspective whether a UE can be configured to monitor both localised and distributed candidates in the same PRB pair. 

Based on the above wayforward, we discuss the search space design in a general view and more details can be discussed after the decision of other aspects like eREG/eCCE definition.
2. Discussion 
2.1 Decoding candidates for ePDCCH
For localised and distributed ePDCCH, the allocation of decoding candidates should have separate designs. It is expected that one decoding candidate is formed by multiple eCCEs for localised ePDCCH (or eREGs if it is defined for localised ePDCCH) whithin the same PRB pair or at least from the two nearby PRB pairs. On the other hand, one decoding candidate for distributed ePDCCH is formed by multiple eREGs from several different PRB pairs which spread separately in frequency domain.
Although their targets are quite different, we can find some similarities among localised end distributed ePDCCH. For localised ePDCCH, it is believed that different decoding candidates should be at least partially distributed over the frequency domain as mentioned in [1-4]. The distributed decoding candidates targets on addtional FDS gains. The wireless channel has different fadings on subcarriers and it is easier to achieve FDS gains if the different decoding candidates of the same aggregation level can undergo different fadings (due to more options). For distributed ePDCCH, although one decoding candidate should be grouped by eREGs from different PRB pairs, the maximum number of totally occupied PRB pairs is expected to be a certain limited number (e.g. 4, 6 or 8) to prevent restrictions on PDSCH usage. As a result, for large aggregation levels, one decoding candidate would have large number of eREGs within the same PRB pair and seems to be a little localised when we look at each PRB pair. It is interesting that localised and distributed ePDCCH can have some similarities which make multiplexing of both schemes in the same PRB pair more easily.
In the following we share our views on the principle of search space design. For localised ePDCCH, at least the decoding candidates of the same aggregation level should be uniformly distributed in the configured ePDCCH PRB pairs. An example is to have 8 decoding candidates for aggregation level 1 and 4 decoding candidates for aggregation level 2 which occupie total 4 PRB pairs as in Fig.1. It is also reasonable for localised ePDCCH to have higher number of decoding candidates for lower aggregation level. We think aggregation 8 may not be strongly needed for localized ePDCCH. However, if it is supported, it can have similar assignment as aggregation 4.
Having decoding candidates from different aggregation level to be multiplexed in the same PRB pair (e.g. candidates 1, 2 for AL1 and candidate 1 for AL2 as in Fig.1) may reduce some UE complexity on channel estimation by assuming all decoding candidates of the same UE within the same PRB pair share the same antenna port as described in our companion contribution [5].
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Figure 1. An example of search space assigned for localised ePDCCH
Proposal 1: For localised ePDCCH, decoding candidates of the same aggregation level should at least be partially distributed over the assigned PRB pairs for ePDCCH.
For distributed ePDCCH, to allow the possibility of muplexing both localized ePDCCH and distributed ePDCCH in the same PRB pair, it is reasonable to have the eREGs within the same PRB pair for the same decoding candidate occupies the physical resource within only one or two localized eCCE(s) as defined for localized ePDCCH. The antenna port association can therefore follow the similar assignment as in localized ePDCCH as described in [5]. An example is illustrated in Fig.2. We may further have some physical resource of different canadiates to be overlapped for channel estimation complexity reduction, e.g., 2 candidates of AL 4 and 1 candidate of AL 8 can share the same physical resource.
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Figure 2. An example of search space assigned for distributed ePDCCH
Proposal 2: For distributed ePDCCH, one decoding candidate has the eREGs within the same PRB pair which occupie the physical resource within only one or two localized eCCE(s) as defined for localized ePDCCH.
2.2 Monitoring both localised and distributed ePDCCH candidates within the same subframe
Several contributions [6-9] mentioned the issue of monitoring both localised and distributed ePDCCH candidates within the same subframe. Rel-8/9/10 UE blindly decodes both TM-dependent DCI and fallback DCI (i.e. DCI 0/1A) in legacy PDCCH to make sure fallback transmission when TM-dependent DCI cannot be supportable. It is reasonable for UE configured for ePDCCH to monitor both DCIs in a similar way. For those UEs configured for distributed ePDCCH, it is intuitive to have both DCI to be transmitted on distributed ePDCCH. Both DCIs are transmitted on the same physical resource with no additional channel estimation complexity. On the other hand, for the localised case, how to transmit fallback DCI becomes unclear. Basically there are three possible channels for fallback DCI transmission:

Alt.1. Legacy PDCCH

Alt.2. Distributed ePDCCH

Alt.3. Localised ePDCCH

If fallback DCI for localised ePDCCH is transmitted on legacy PDCCH, The ambiguity problem during ePDCCH configuration can also be solved. Nevertheless, since ePDCCH targets on reduction on PDCCH capacity, it may be inappropriate for fallback DCI to be transmitted on PDCCH. For Alt.2, UE monitors TM-dependent DCI in localised ePDCCH search space and fallback DCI in distributed search space.Yet, monitoring both spaces requires additional channel estimation complexity and this complexity may make UE harder to achieve the HARQ timing requirement. As a result, further channel estimation complexity reduction is needed for Alt.2. For Alt.3, since fallback DCI is usually transmitted when there is no realiable channel information. It may require large physical resources to make robust transmission and result in inefficient resource usage. It seems that each solution has its tradeoff and no one dominates the others. 
Basically we think Alt.2 seems to be a simple solution. And the channel estimation complexity can be reduced if the decoding candidates of localised ePDCCH are distributed on frequency domain as discussed above. If the decoding candidates of localised ePDCCH are at least paritially distributed on frequency domain, we can have the same physical resources to be used for both localised candidates and fallback distributed candidates. Because both localised ePDCCH candidates and distributed ePDCCH candidates share the same physical resource. We can let them share the same antenna port (details is FFS) and therefore reduces a lot of channel estimation complexity. Figure 3 shows an example of aggregation level 1 candidates. Assuming that the number of localised candidates and fallback distributed candidates are equal, we can easily have the same physical resources be assigned for both of them. The antenna port usage of distributed candidates could follow the same principle as the localised ones, i.e., the same RE associated to the same antenna port for demodulation for both schemes. It is noted that legacy PDCCH have similar behaviour that TM-dependent DCI and fallback DCI transmitted on the same physical resources.
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(a) Localised candidates                          (b) Distributed fallback candidates
Figure 1. An example of same resource sharing of localised decoding candidates and fallback distributed candidates
Proposal 3: A UE can be configured to monitor both localized and distributed USS candidates in the same subfrrame. However, the total occupied REs for all candidates of both should be the same or at least partially overlapped and the associated antenna ports for demodulation can be based on occupied RE for both schemes to reduce channel estimation complexity.
2.3 New aggregation levels
The need for new aggregation levels is also discussed in our companion paper [10]. New aggregation level(s) seem to be necessary to matain a similar eCCE size. Considering the exact value of new aggregation levl, 16 is preferred than 12 for the search space and blind decoding can easily be reused if we use aggregation level {2, 4, 8, 16} instead of {1, 2, 4, 8} for some cases. Otherwise, aggregation level {2, 4, 8, 12} requires additional standardization effort on search space and blind decoding.
Proposal 4: New aggregation level 16 is supported for ePDCCH.
3. Conclusions

In this contribution, we discuss the search space design for ePDCCH and propose to:
Proposal 1: For localised ePDCCH, decoding candidates of the same aggregation level should at least be partially distributed over the assigned PRB pairs for ePDCCH.

Proposal 2: For distributed ePDCCH, one decoding candidate has the eREGs within the same PRB pair which occupie the physical resource within only one or two localized eCCE(s) as defined for localized ePDCCH.
Proposal 3: A UE can be configured to monitor both localized and distributed USS candidates in the same subfrrame. However, the total occupied REs for all candidates of both should be the same or at least partially overlapped and the associated antenna ports for demodulation can be based on occupied RE for both schemes to reduce channel estimation complexity.
Proposal 4: New aggregation level 16 is supported for ePDCCH.
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