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1. Introduction 
E-PDCCH is a new feature introduced in Rel-11. The main goal of E-PDCCH is to enhance the performance of control channel and meet the new challenges that may be hard for legacy PDCCH to solve, such as control channel capacity enhancement, and inter-cell interference coordination (ICIC). The discussion on the design of E-PDCCH got into more detail stage in RAN1 68bis meeting. To move forward， some issues on E-PDCCH search space and multiplexing were identified for further discussion  at the upcoming RAN1 69 meeting, which include 
· Handling of mapping of ePDCCH in presence of other signals

· “(e)REG/(e)CCE” definitions
· Aggregation levels and relationship to localised and/or distributed transmission
· Need for multiplexing of localised and distributed ePDCCH parts in same PRBs
· “Fallback” operation

In this contributions, the above issues are discussed and some of our views/preferences  are provided. 
2. Discussion on E-PDCCH search space and multiplexing design
2.1. Handling of mapping of ePDCCH in presence of other signals
It was agreed that E-PDCCH will be transmitted in the legacy PDSCH region, to improve its capacity and support ICIC. One issue though is how to map control channel to REs in time-frequency grid, as many REs in a PRB could be used to transmit other signals such as various types of RS like CRS, DMRS and CSI-RS, and other common channels such as PBCH, PSS/SSS etc. Because of the backward compatibility requirement,  the transmission of these signals should not be impacted, hence the remaining choices for E-PDCCH would be either rate-matching to by-pass these signals, or simply puncture the E-PDCCH symbols supposed to be transmitted on these REs [1]. 
Rate-matching after channel coding to by-pass these REs reserved for transmitting other signals would be a straightforward way without loss of coded information. However, sometimes, due to the large presence of existing signals such as CSI-RS, many REs could not be used for E-PDCCH transmission. That could greatly reduce the number of REs that could be used for E-PDCCH transmission and impact the performance. Another issue is that if the PRB is divided into small units such as eCCEs, the available REs for E-PDCCH transmission could be different in each eCCE due to the non-uniform presence of  REs that will be used for  the transmission of other existing signals in each eCCE. That would make the rate-matching more difficult because  rate-matching done after channel coding needs such information, which is available only after scheduling of E-PDCCHs is accomplished. 
On the other hand, puncturing the E-PDCCH over those REs reserved for transmission of existing signals would make the coding rate irrelevant with the number of REs reserved for existing signal transmission in each eCCEs. That will reduce the rate-matching complexity.  The drawback, however, is the impact on performance due to the puncturing, especially when the number of  REs  for existing signal transmission is large. 
At this stage, we slightly prefer the approach of puncturing E-PDCCH over the REs for transmission of existing signals if the performance of this approach is similar to the first one. 

It should be mentioned that the above discussion is for E-PDCCH transmission with beamforming (BF) only. If the spatial transmit diversity such as Alamouti coding is adopted for E-PDCC transmission,   puncturing approach may need to be re-evaluated because puncturing one symbol out of a paired Alamouti encoded symbols could bring more degradation in performance than the BF.   
Proposal:

If the performances of the rate-matching and puncturing approaches are similar, puncturing approach should be considered as the baseline due to its simplicity. The puncturing approach needs to be re-evaluated for spatial diversity such as Alamouti coding if it is adopted.  
2.2. “(e)REG/(e)CCE” definitions
For legacy PDCCH, the smallest logical control channel unit is called control channel element (CCE) and an CCE consists of 36 REs.  Such definition could also be applied to E-PDCCH, and can be referred as eCCE.  A PRB could be partitioned into a number of smaller units, each contains comparable number of REs as a CCE, and could be used as an eCCE. An eCCE can hence be used as the smallest unit for E-PDCCH transmission. The partition of a PRB into eCCEs could be accomplished in FDM, TDM or even CDM manner. The benefit of defining eCCE could be to facilitate the transmission of E-PDCCH such as multiplexing multiple E-PDCCHs, applying interleaving operation and allocating resources. It would also make the antenna port (AP) assignment for each E-PDCCH　more simple and implicit [2]. Figure 1 illustration of how interleaving and mapping is done for distributed transmission for E-PDCCH based on eCCE.
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Figure 1An E-PDCCH region and corresponding eCCEs  for distributed E-PDCCH transmission
In [1], it was further proposed to introduce eREG, which is a smaller unit than eCCE. For example, an eCCE could contain two eREGs. The benefit of introducing eREG could be to increase diversity gain in distributed transmission. For example, in distributed transmission, if aggregation level of eCCE is one, in order to obtain some frequency diversity, an eCCE could be  further split into two eREGs, each occupying one slot , which could be transmitted from different PRBs. However, for this approach, the channel estimation performance could suffer due to the reduced number of DMRS in each eREG.  In another example as shown in [3], two eREGs from the same eCCEs are transmitted from the same PRB and each use a different AP to achieve spatial transmit diversity using random BF, thus  to compensate the loss in  diversity order due to limiting the transmission of an E-PDCCH of AL=4 within 4 PRBs. However, such AP allocation could restrict the multiplexing of localized and distributed E-PDCCH  transmission within a PRB because of  limited number of available AP within a PRB. 
In general, the motivation to introduce eRGE is not convincing to us, and yet two issues could be foreseen at this stage, namely, how to split an eCCE into eREGs and how to allocate AP for eREGs.  To avoid more complexity, we prefer to only define eCCE at this stage. 
The number of eCCEs as defined in a PRB pair could vary.  It seems that 4 eCCEs in a PRB pair is more appropriate through the analysis. This is because such eCCEs could contain similar REs as that defined in a CCE for legacy PDCCH.  

Proposal:

Define eCCE as the baseline and further study the need of defining eREG. Four eCCEs could be defined in a PRB pair and they could be defined in FDM, TDM or even CDM manner. 
2.3. Aggregation levels and relationship to localised and/or distributed transmission
In legacy PDCCH transmission, multiple CCEs could be aggregated together to transmit a PDCCH. The selection of proper AL is the trade-off between performance and resource usage.  In E-PDCCH transmission, multiple aggregation level (AL) could also be supported, for example, from AL=1 to 8.
For localized transmission, AL=1 to 8 could all be supported. For distributed transmission, AL=2,4,8 could be supported while AL=1 could be further studied. This is because for distributed transmission, the benefit of exploiting all kinds of diversity including frequency diversity is the key to maintain its robust performance, and for AL>=2, different eCCE could be transmitted in different PRBs to achieve frequency diversity.  For the case of AL=1 though , if one eCCE is transmitted together, no frequency diversity gain could be achieved.   Several options  to solve this could be considered [4], which include splitting an eCCEs further into smaller units, or increase the resource allocation to AL=2, which increase coding gain as well as achieve frequency diversity, or apply spatial transmit diversity such as Alamouti coding. Among these approach, always forcing AL=2 would be quite straightforward and easy to implement. The only drawback is it will incur a bit more overhead. Considering the main purpose of using distributed transmission, a bit over budgeting on resource allocation can be justified. 
Proposal:

Support AL=1,2,4,8 for localized transmission. Support AL=2,4,8 for distributed transmission as the baseline and FFS the support of AL=1 for distributed transmission. 
2.4. Need for multiplexing of localised and distributed ePDCCH parts in same PRBs
In [5], it proposed to multiplex localized transmission and distributed transmission in one PRB and the main motivation is to simplify the search space design and save some resource.  Because if the resource allocated to E-PDCCH transmission is not used they could be used for PDSCH transmission, by multiplexing localized and distributed transmission together, it will fill some holes in the resource blocks and make it possible for more PRB released for PDSCH transmission if they are not used for E-PDCCH transmission. 
However, from the proposal of multiplexing localized and distributed transmission in one PRB, there seems to be some restrictions on the scheduling of localized and distributed transmission. In general, the distributed transmission should be scheduled first which span  a multiple PRBs to achieve frequency diversity, then the localized transmission will be scheduled to fill the unused PRBs. Such rule may restrict the scheduling of localized transmission. The other possible issue would be the assignment of AP. For example, if two eREGs in eCCE#1 for distributed transmission use different APs (APs 7 and 8) to achieve 2nd order of diversity with RBF as mentioned in [5],  it will be difficult to assign another localized transmission in eCCE#2, unless a  restriction is applied such that half of the PRB (e.g., eCCEs #1 and #2) are only used to schedule distributed transmission, while the other half (e.g., eCCEs #3 and #4) are used to  schedule localized transmission. 
In general, it is also not clear to us at this stage how much overhead saving this kind of multiplexing can achieve with added  complexity and scheduling restriction.  In our view, it is cleaner  to allocate two separate regions for E-PDCCH transmission, one for localized transmission and other for distributed transmission.  For examples, the  localized transmission is shown in Figure 2, while the distributed transmission is shown in Figure 1.  Such allocation would make it more simple for the design of the search space for each type of E-PDCCH transmission, and hence reduce the complexity in E-PDCCH scheduling and also AP allocation.  
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Figure 2: An E-PDCCH region and corresponding eCCEs for localized E-PDCCH transmission
Proposal:

Considering configuration of separate E-PDCCH regions for localized and distributed E-PDCCH transmission as the baseline and FFS multiplexing localized and distributed transmission in the same PRB.
2.5. “Fallback” operation

For each transmission mode specified in LTE, there is a fallback transmission mode and the corresponding DCI, DCI format 1A. Fallback mode  is used by the eNB to schedule the data transmission in the condition of unreliable channel feedback or other situations.  In legacy PDCCH, the fallback DCI, DCI 1A is transmitted in the same PDCCH region, in both UE-specific search space (USS) and may be common search space (CSS). For E-PDCCH, the fallback DCI, DCI 1A still need to be transmitted.The question is where it should be transmitted, whether in legacy PDCCH region, or in new E-PDCCH region. 
As all the new UEs supporting E-PDCCH transmission would also support legacy PDCCH, there won’t be any issue for the UE to find the fallback DCI if it is transmitted in legacy PDCCH region. But on the other hand , in the future, some new carrier type (NCT) could emerge, which may not support the transmission of legacy PDCCH. In that case, the fallback DCI needs to be  transmitted in E-PDCCH region. Balancing the need for both backward and forward compatibility, it would be more appropriate to make it configurable on where the fallback DCI is transmitted . For example, at Rel-11, the UE could be configured to receive the fallback DCI in the legacy PDCCH region, while in the future release, the fallback DCI transmission could be configured in both legacy PDCCH region or E-PDCCH region. 
Proposal:

The fallback DCI transmission could be configurable in either legacy PDCCH region or E-PDCCH region. In Rel-11, it could be configured to transmit in legacy PDCCH region only. 
3. Conclusions

Some considerations in E-PDCCH search space design and multiplexing are discussed and some of our preferences and views are provided . They would be summarized as follows
· If the performance of the rate-matching and puncturing approaches is similar, puncturing approach should be considered as the baseline due to its simplicity. The puncturing approach needs to be re-evaluated for spatial diversity such as Alamouti coding.  
· Define eCCE as the baseline and further study the need of defining eREG. Four eCCEs could be defined in a PRB pair and they could be defined in FDM, TDMor even CDM manner. 
· Support AL=1,2,4,8 for localized transmission. Support AL=2,4,8 for distributed transmission as the baseline and FFS the support of AL=1 for distributed transmission. 

· Considering configuration of separate E-PDCCH regions for localized and distributed E-PDCCH transmission as the baseline and FFS multiplexing localized and distributed transmission in the same PRB.
· The fallback DCI transmission could be configurable in either legacy PDCCH region or E-PDCCH region. In Rel-11, it could be configured to transmit in legacy PDCCH region only. 
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