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1
Introduction
This paper is a revised version of R1-1712780.
The sPDCCH design is a very important component of the overall shortened TTI implementation. It is essential to achieve an efficient and optimized sPDCCH design such that the control channel can schedule DL and UL users with minimal control overhead. There are multiple design parameters to be considered that are listed below:

· Number of sTTI users per TTI:

·     For large bandwidths, the sPDCCH channel should allow for scheduling of more than one sTTI user for a given sTTI

· sPDCCH control overhead:
·     The DCI formats should minimize payload wherever possible to maximize the resources that are available for sPDSCH use.
· RB set size: 
· The maximum RB set size should be set such that the UE is not required to demap/decode a large portion of the bandwidth in order to obtain its grant.
· DCI Aggregation Levels:
·     Multiple aggregation levels required per TTI in a cell to adequately reach shortened TTI users of different channel conditions in the cell. For example, a design that assumes a single aggregation level for all UEs will need to assume the worst-case DCI sizing resulting in excessive resources allocated to the sPDCCH.
· Optimization of resource allocation between sPDCCH and sPDSCH:
·     Consideration should be given to efficient assignment of control and data resources within a (virtual) sTTI block such that unused control resources are efficiently assigned for data transmission.
In this contribution paper, we discuss some of the remaining issues related to the sPDCCH search space design.
2
The maximum Size of Search Space/RB Set

Although in RAN1 #90, it is decided that the number of candidates per AL can be configured by eNB for flexibility, this flexibility should not come at the cost of significantly increasing the UE’s complexity. A flexible assignment of the number of candidates per AL is feasible within the limits defined for the maximum RB set size. 

Let us consider a 2-symbol CRS-based sPDCCH with 2 candidates of AL = 8, 2 candidates with AL = 4 and 2 candidates with AL = 2. Further, consider the system bandwidth of 20MHz and assume that a single grant is sent for a given user. Since each sCCE = 4 sREG, the size of the 2-symbol RB set is 56RBs. To decode the control, the UE then has to demap. and decode 56RBs to acquire the single grant. Then, assuming the sPDSCH for this user spans the remaining part of the bandwidth (i.e., the UE rate-matches around its sPDCCH only), the UE has to demap. and decode almost half of the RBs twice; once for control blind decoding and the second time for data demapping/decoding. As another example, if 6 candidates with AL = 8 are configured, the UE has to demap and decode the entire system bandwidth twice. Hence, to meet very tight turnaround times, the UE’s complexity will increase significantly. Further, if RAN1 decides to only allow an sPDSCH to rate-match around the RB sets (with no further reuse), many resources can be wasted by not limiting the size of an RB set. It should also be noted that the maximum RB set size is already defined for EPDCCH in order to keep the UE’s complexity at a reasonable level. For the same reason, the maximum RB set size should also be defined for the sPDCCH RB set.

An alternative approach could be not to limit the RB set size, e.g., if multiple users share the same set of RB sets. In this case, some limitations should be defined on how the available number of candidates can be distributed across the four ALs to guarantee a well-defined and reasonable size for the UE’s search space.

Proposal 1: Either the maximum size of the RB sets or the maximum size of each UE’s search space should be limited at a reasonable value.
3
Search Space Structure
In order to be able to reuse the LLR calculations and channel estimates across different candidates, it is desirable to have a nested search space structure. Under this structure, multiple candidates of smaller AL lie within one candidate of larger AL. Once the resource are de-mapped and channel estimates are obtained, they can be used for multiple candidates. Further, a nested search space design helps in reducing the size of the UE’s search space. As explained in the preceding section, limiting the UE’s search space at a reasonable level is critical for a proper implementation of the sTTI operation.
Proposal 2: A nested search space design is supported. 
4
DMRS-Based sPDCCH  
In localized EPDCCH, the antenna port is indicated using the starting ECCE index of the EPDCCH, and if L > 1, as a function of the aggregation level. Hence, even with nested structure, the port indices could be different for candidates of different ALs which share the same starting point. In that case, channel estimation and LLR computation should be done twice over the same number of resources. Given the tight turnaround time of the sTTI, such an approach for antenna port indication is not desirable. Instead, if RB bundling is supported for DMRS-based sPDCCH, the port index can be indicated as a function of the starting RB of an sPDCCH sPRG.

Proposal 3: For localized DMRS-based sPDCCH, the antenna port is indicated via the index of the starting RB of each sPDCCH sPRG. 
5
Conclusions 
Proposal 1: Either the maximum size of the RB sets or the maximum size of each UE’s search space should be limited at a reasonable value.

Proposal 2: A nested search space design is supported. 
Proposal 3: For localized DMRS-based sPDCCH, the antenna port is indicated via the index of the starting RB of each sPDCCH sPRG. 
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