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1 Introduction
In the last meeting, the design of sPDCCH structure was extensively discussed and some progresses were achieved. [1]
Agreement:
· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to DMRS based sPDCCH

Agreement:
· The number of OFDM symbols per RB set for CRS based sPDCCH for 2/3-symbol sTTI is 1 or 2 configured by higher layer
· FFS: 

· UE capability on:

· The HARQ Ack/UL grant timing dependent on the number of configured symbols for CRS based sPDCCH 

Agreement:
· The number of OFDM symbols per RB set for CRS based sPDCCH for 1-slot sTTI is 1 or 2 configured by higher layer.

· FFS: 3 OFDM symbols
Agreement:
· RAN1 will not pursue CDM-F based DMRS pattern for sPDCCH

In addition to the above agreements, several working assumptions were also proposed which were waiting to be confirmed in this meeting:

Working assumption:
· A sPDCCH RB set can be configured to a UE by higher-layer signalling either with distributed or localized mapping of sCCE to sREG
· FFS if more than one RB set is supported 
· FFS if more than one set can be distributed/localized
Working assumption
· A UE can be configured with one or two sPDCCH RB set(s) containing the UE’s user-specific sTTI search space.

· FFS whether more than two can be configured to a UE
· To be confirmed by RAN1#89
Working Assumption:
· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to CRS based sPDCCH

· To be confirmed by RAN1#89
However, the details of search space design for sTTI are still open. In this contribution, we will further discuss the issues related to search space, including the aggregation level, the blind decode reduction and the search space structure.
2 Discussion
2.1 Supported aggregation level
In LTE system, the set of PDCCH candidates to monitor are defined in terms of search spaces, where a search space 
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 is defined by a set of PDCCH candidates.  An EPDCCH UE-specific search space 
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 is defined by a set of EPDCCH candidates.[2] On the other hand, the available resource elements used for sPDCCH in each sREG may be varied depending on the presence of reference signal REs, in a range of 4 to 12. In [3], it is proposed to support variable number of sREGs per sCCE to achieve a similar CCE size as legacy PDCCH.The payload size of a sDCI may be comparable to a legacy compact DCI. To achieve the similar BLER performance for a single DCI transmission as the legacy PDCCH, and considering the future support of URLLC services which requires better BLER performance, the legacy aggregation levels, i.e. [1,2,4,8,16,32] should at least be supported. Higher aggregation levels can be studied to fulfill the URLLC requirements. 

Proposal 1: The maximum aggregation level of sPDCCH should be at least 32.

2.2 Blind decodes
A sTTI capable UE should be able to monitor legacy PDCCH and sPDCCH in the same subframe. The time of blind decode is inevitably increased if the same number of candidate is used in each sPDCCH region. The power consumption is a problem going with the increase of blind decode.  On the other hand, the more blind decodes applied, the more processing time required. Some mechanism has been discussed in [3], e.g. align the payload size of DL and UL grant, reduce the aggregation levels, etc. Besides, the number of candidates related to each aggregation level could be configured, e.g. through RRC signaling. The eNB could configure the number of candidate for each aggregation level depending on the long term CQI report. The redundant monitoring for some candidates could be avoided. In addition, the number of candidate in the control channel RB set could also be configurable [5]. 
Proposal 2: eNB configures the aggregation levels and the number of candidates for each aggregation level that UE should monitor for sPDCCH. 
2.3 Hierarchical search space
A search space defines how a UE determines the location of control channel candidates for a given aggregation level (AL). For NR DL control channel, to reduce the channel estimation complexity and the UE processing time it was agreed that the channel estimation obtained for one RE should be reusable across multiple blind decoding operations involving that RE in at least the same control resource set and type of search space (common or UE-specific) [6]. This goal may be achieved by defining a tree-like (hierarchical) structure, where candidates of a lower AL constitute the CCEs in a higher AL. With such a tree-like structure, selection of a candidate of higher AL may block selection of candidates of a lower AL connected to that higher AL candidate as shown in Figure 1. However, evaluation results shown in [6] imply that the blocking probability of tree-like search space is not a big problem. In order to reduce the processing latency and achieve some commonality with NR design, the hierarchical search space can be supported in sPDCCH as well. 
Proposal 3: Hierarchical search space should be supported for sPDCCH.


[image: image5.emf]0 1 2 3 4 5 6 7 AL1

AL8

AL4

AL2


Figure 1 Hierarchical search space mapping in physical domain

3 Conclusion

In this contribution, search space design of sPDCCH is further discussed, we have the following proposals:
Proposal 1: The maximum aggregation level of sPDCCH should be at least 32.

Proposal 2: eNB configures the aggregation levels and the number of candidates for each aggregation level that UE should monitor for sPDCCH. 

Proposal 3: Hierarchical search space should be supported for sPDCCH.
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