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1. Introduction
In RAN1 #68, the following was agreed.
· PRE-PDCCH messages span both first and second slots with a restriction on the maximum number of TrCH bits receivable in a TTI (to allow a relaxation of the processing requirements for the UE). 

· Details of how and when to restrict the maximum number of TrCH bits receivable in a TTI are FFS (for example when RTT > 100us (FFS) or according to UE capability (FFS))

· Multiplexing of PDSCH and ePDCCH within a PRB pair is not permitted
There was discussion on the physical design of ePDCCH in RAN1 #68bis.  However, there is no agreement yet.  In this paper, we provide our views on the related issues for the physical structure design of ePDCCH.


2. Discussion
2.1   Physical Structure for ePDCCH

In legacy PDCCH, two levels of physical structure, REG and CCE, are utilized to support frequency diversity and simplify the decoding process (for example, less blind decoding candidates).  In ePDCCH, there are two options for physical structure design.
Alternative #1:  Just like legacy PDCCH, introduce two levels of physical structure, eREG and eCCE, for ePDCCH
· eREG is a physical resource unit which consists of a group of either distributed or localized REs inside a PRB-pair
· There is no need for the size of eREG to be similar to that of REG
· eCCE is a logical resource unit which consists of a group of either distributed or localized eREGs

· To reuse the search space design in legacy PDCCH, the size of eCCE should be equal or less than that of CCE

· Pros:

· Enable the reuse of search space design in legacy PDCCH, such as the size and the location of search spaces of UEs and aggregation levels for DCI formats and thus fewer specification efforts are introduced

· eREG can be utilized as the basic resource unit for other control channels with smaller size such as ePHICH

· Cons:
· Due to larger granularity of eCCE, the efficiency of resource utilization for ePDCCH is worse, compared to Alt. #2
Alternative #2:  Introduce single level of physical structure, eREG (or eCCE), for ePDCCH

· eREG is a physical resource unit which consists of a group of either distributed or localized REs inside a PRB-pair
· The size of eREG is smaller than that of CCE for more efficient resource utilization
· Pros:

· Due to smaller granularity of eREG, the efficiency of resource utilization is better, compared to Alt. #1

· The complexity for demapping in the UE is lower
· Cons:
· Not able to reuse the search space design in legacy PDCCH
From our views, either way can work well but Alt. 1 is slightly preferred for less specification efforts.
Proposal #1:  Define two levels of physical structure in ePDCCH, where eREG is the first level of physical resource unit as the basic composing element of eCCE and eCCE is the second level of logical resource unit as the basic composing element of search spaces.
2.2   Distributed or Localized eCCE
For the physical structure of eCCE, two alternatives can be considered.
Alternative #1:  Localized physical structure for eCCE

· An eCCE consists of either continguous or distributed resource elements in a PRB-piar

· The size of eCCE is similar to that in legacy PDCCH if both eREG and eCCE are defined in ePDCCH

· Due to the RE reservation of reference signals and the size of legacy PDCCH, the size of eCCE can be different in different situations

· Pros:

· Better resource utilization efficiency, especially when there are few UEs (Ex: one PRB-pair provides 4 eCCEs for at most 4 UEs)
· Cons:
· Lack of frequency diversity gain

Alternative #2:  Distributed physical structure for eCCE

· An eCCE consists of distributed resource elements in different PRB-piars

· The size of eCCE is similar to that in legacy PDCCH if both eREG and eCCE are defined in ePDCCH

· Due to the RE reservation of reference signals and the size of legacy PDCCH, the size of eCCE can be different in different situations

· An example is shown in Figure 2-1

· Pros:

· Frequency diversity gain can be exploited
· Cons:
· Worse resource utilization efficiency, especially when there are few UEs (Ex: if the REs of one eCCE are distributed into 4 different PRB-pairs, it takes four PRB-pairs even if there is single UE only)
In [1], the simulation results show that the performance improves when single eCCE is distributed into more PRB-pairs (the performance difference is more 2 dB when comparing eCCE distributed into 4 PRB-pair with eCCE localized in single PRB-pair) and the frequency diversity gain converges when single eCCE is distributed into more than 4 different PRB-pairs.  To provide comparable performance with legacy PDCCH, distributed eCCE is necessary for ePDCCH.  The issue of resource utilization won’t be serious as the number of UEs increases.  Furthermore, at least 4 PRB-pairs have to be reserved for the common search space, if supported in ePDCCH and the size is the same as that in legacy PDCCH, so it already can provide enough diversity order in frequency domain for distributed eCCE.  Therefore, the resource utilization deefficiency problem won’t be so serious as imagined.  In our views, Alt. 2 is preferred.
Proposal #2:  The REs of an eCCE are distributed into different PRB-pairs so as to exploit frequency diversity in the distributed transmission scheme of ePDCCH.  How many PRB-pairs should single eCCE be distributed into is FFS.
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Figure 2-1  Example illustration of distributed eCCE
2.3   Distributed or Localized eREG
For physical structure of eREG, if defined, there are also two alternatives – 1) distributed physical structure; 2) localized physical structure. 
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Figure 2-2  Example illustration of distributed eREG
Alternative #1: distributed physical structure of eREG
· An eREG consists of uniformly distributed REs inside a PRB-pair (Ex: An eREG consists of 1/16 REs of a PRB-pair and the REs are uniformly distributed inside the PRB-pair)

· An example is shown in Figure 2-2
· Pros:

· The size of each eREG is almost the same and thus the size of each composed eCCE is almost the same as well
· The robustness of each eREG is almost at the same level
· Cons:
· The mapping from REs to eREG may change largely due to the RE reservation for both reference signals and legacy PDCCH and thus the introduced complexity is higher
Alternative #2: localized physical structure of eREG

· An eREG consists of contiguous or at least localized REs inside a PRB-pair (Ex: the first row of a PRB-pair)
· An example is shown in Figure 2-3
· Pros:

· The mapping from REs to eREG won’t change largely due to the RE reserveation for both reference signals and legacy PDCCH and thus the introduced complexity is lower, compared to Alt. 1
· Cons:
· The size of each eREG can be very different and thus the size of each composed eCCE can be different as well
· The robustness of each eREG can not be guaranteed to be at the same level
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Figure 2-3  Example illustration of localized eREG
Compared to Alt. 2, Alt. 1 provides more desired properties for eREG physical structure though a little bit higher complexity can be expected.  In our views, Alt. 1 is preferred.
Proposal #3:  The physical structure of an eREG, if defined, is uniformly distributed inside a PRB-pair and the size of each eREG should be the same or similar to each other with small difference.
2.4   Definition of eCCE and eREG
From the discussion in previous subsections, it is suggested to have two levels of physical structure – eREG and eCCE.  eREG is suggested to be distributed in a PRB-pair and an eCCE is composed of several eREGs.  Depending on which type the eCCE belongs to, the composing eREGs of an eCCE can be either distributed in several PRB-pairs or localized in a PRB-pair.  Since there are REs for both reference signals and data in a PRB-pair, whether the definition of eREG and eCCE should include both of them remains under discussion.  In RAN1 session #68bis, there was discussion on the definition of eCCE and no consensus yet.  Since eREG is the basic physical unit to compose ePDCCHs, it’s better to define how to form eREG directly and an eCCE can be defined based on the eREG. 
There are three possible eCCE definitions.

Alternative #1:  eREG consists of REs which are reserved for data only
· Pros:

· The content size of each eREG (number of REs for ePDCCH transmission) can be almost the same as each other
· Decoding performance is better due to rate matching around reference signals when the coding rate is high

· Cons:

· Different RE mappings for eREGs are required and there may be more specification efforts
Alternative #2:  eREG consists of REs which are reserved for both data and all types of reference signals
· Pros:

· Single RE mapping for eREG is possible and specification efforts are less
· Cons:

· The content size of each eREG (number of REs for ePDCCH transmission) may be very different
· Decoding performance may be worse if rate matching around reference signals is not applied when the coding rate is high
Alternative #3:  eREG consists of REs which are reserved for both data and some types of reference signals (for example, CRS, CSI-RS)
· Pros:

· The content size of each eREG (number of REs for ePDCCH transmission) can be similar to each other
· Single RE mapping for eREG is possible and specification efforts are less

· Cons:

· Decoding performance is moderate due to rate matching around some of reference signals when the coding rate is high
Among three, alternative #3 is preferred because of two main reasons.  First, it requires too many specification efforts in alternative #1 due to the needs of different RE mappings under different conditions.  Second, it’s not easy to control DCI decoding performance in alternative #2 due to very different content size of eREGs at different locations in a PRB-pair.  Since CRS does not always exist in new carrier type, there may require another definition for eREG if CRS is excluded from an eREG.  To have unified definition for an eREG, it is suggested to exclude DRS only from an eREG and rate matching can be applied around CRS because Release 11 UE can always obtain the information of CRS.  Whether to apply rate matching around CSI-RS is FFS.
Since there are four antenna ports in a PRB-pair, four eCCEs in a PRB-pair can maximize the resource utilization efficiency.  To guarantee frequency diversity even for aggregation level 1, one eCCE has to consist of at least two eREGs and the excat number of eREGs in one eCCE should be evaluated further.  From our views, four may be a better number according to the simulation results in [1].  Therefore, we propose:
Proposal #4:  eREG consists of REs which are reserved for both data and reference signals of CRS and CSI-RS. Rate matching is applied around CRS and whether to apply rate maching around CSI-RS is FFS.
Proposal #5:  Four eCCEs are defined within a logical PRB-pair and each eCCE consists of at least two eREGs.  The exact number of eREGs in one eCCE is FFS.


3. Conclusion

In this paper, we provide our views on the physical structure of ePDCCH for DCI multiplexing.  The proposals are concluded as follows.
Proposal #1:  Define two levels of physical structure in ePDCCH, where eREG is the first level of physical resource unit as the basic element of eCCE and eCCE is the second level of logical resource unit as the basic element of search spaces.
Proposal #2:  The REs of an eCCE are distributed into different PRB-pairs so as to exploit frequency diversity in the distributed transmission scheme of ePDCCH.  How many PRB-pairs should single eCCE be distributed into is FFS.

Proposal #3:  The physical structure of an eREG, if defined, is uniformly distributed inside a PRB-pair and the size of each eREG should be the same or similar to each other with small difference.
Proposal #4:  eREG consists of REs which are reserved for both data and reference signals of CRS and CSI-RS. Rate matching is applied around CRS and whether to apply rate maching around CSI-RS is FFS.

Proposal #5:  Four eCCEs are defined within a logical PRB-pair and each eCCE consists of at least two eREGs.  The exact number of eREGs in one eCCE is FFS.
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