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1. Introduction
At the RAN1#88 meeting, following agreement was achieved [1]:
	Agreements:
· One or multiple RB set(s) is configured by higher layer signaling for sPDCCH frequency resource of a UE
· FFS on the number of RB sets for a UE
· FFS on the number of RBs per set
· FFS the number of symbols per RB set



In this contribution, we present our views on sPDCCH design.
2. sPDCCH design
2.1. Clarification of RB set(s) and control search space (SS)
Comparing above agreements for LTE sPDCCH with the agreements for NR-PDCCH achieved at RAN1 NR AH [2] and RAN1 #88 meeting [1], many similarities can be found. Therefore, following agreements achieved for NR-PDCCH should be taken in to account to better understand the properties of control RB set(s) and control search space, as well as their relations.
	Agreements in NR AH1:
· A control resource set is defined as a set of REGs under a given numerology
· Control search space includes at least the following properties
· Aggregation level(s)
· Number of decoding candidates for each aggregation level
· The set of CCEs for each decoding candidate
· FFS: if any of the following properties belong to control resource set or control search space
· Transmission/diversity scheme
· CCE to REG mapping
· RS structure
· PRB bundling size
· FFS: if the control resource sets can overlap or not
· FFS: whether the mapping between control resource set and control search space is one-to-one or one-to-many

Agreements in RNA1 #88 meeting for NR :
· Multiple control resource sets can be overlapped in frequency and time for a UE.
· A search space in NR is associated with a single control resource set
· The search spaces in different control resources sets are defined independently.
· The max number of BD candidates for a UE is defined independently of the number of control resource sets and the number of search spaces.
· Further study the following alternatives:
· Alt 1: For a given control resource set, there is only one CCE to REG mapping scheme
· Alt 2: For a given search space, there is only one CCE to REG mapping scheme



Above agreements can be applied to LTE sPDCCH with replacing “control resource set” by “RB set”. For NR, more than one control search spaces should be allowed to belong to one control resource set [3]. The reason behind for this is that there is a case where common search space and a UE-specific search space have exactly the same configurations (e.g., transmission scheme, CCE to REG mapping, RS structure, PRB bundling size). In this case, enabling these two search spaces in the same control resource set could realize sharing of channel estimates, efficient management of control channel resources, etc. For LTE sPDCCH, the same thing is not applicable; there is no common search space in the sPDCCH monitoring. Motivation to enable multiple UE-specific search spaces belonging to one RB set is not much clear enough. Therefore, for LTE sPDCCH, one-to-one mapping for a search space to a RB set would be sufficient. 
Proposal 1: 
· Above agreements achieved on the control resource set and control search space for NR-PDCCH can be re-used for LTE sPDCCH design.
Proposal 2: 
· From UE point of view, one control search space is configured for one control RB set.
· No more than one control search space is configured for a given control RB set.
· Following properties can belong to control RB set.
· Transmission/diversity scheme
· CCE-to-REG mapping
· RS structure
· REG grouping size

2.2. sREG, sCCE, and sPDCCH candidate
It was agreed that the resources in a DL sTTI are efficiently shared between sPDCCH and sPDSCH. In order to enable this, the resource unit for sPDCCH should be designed such that the unit size matches to that of sPDSCH. Similar to the NR discussion, one resource block over one OFDM symbol is a good choice as the resource unit for sPDCCH [2]. The number of REs in each sREG is fixed irrespective of how many RS REs are included. 
Based on the sREG, sCCE and sPDCCH can be built. Exact number of sREGs per sCCE and exact number of sCCEs per sPDCCH cannot be decided unless payload range will be clearer. Whether 1-level DCI or 2-level DCI will have significant impact on this aspect should be discussed further.
Proposal 3:
· An sREG is one RB during one OFDM symbol.
· May or may not include CRS and/or DMRS.
· An sCCE consists of a set of sREGs.
· sREGs forming an sCCE can be either contiguous or non-contiguous.
· FFS: exact number of sREGs per sCCE 
· An sPDCCH candidate consists of a set of sCCEs.
· sCCEs forming an sPDCCH can be either contiguous or non-contiguous.
· FFS: exact number of sREGs per sCCE and exact number of sCCEs per sPDCCH.
· Possible payload range of a sDCI should be clarified to fix the numbers.

2.3. sPDCCH search space
Time-domain
Multiple sPDCCH search spaces should be configurable to a UE for flexible transmissions of sPDCCH; a UE can be configured with one or more of the sPDCCH search space(s) by higher-layer signaling.
For 1-slot sTTI, the number of OFDM symbols for sPDCCH monitoring can be relatively large, e.g., up to 3 symbols, similar to the legacy PDCCH. At the RAN1#87 meeting, it was agreed that the sTTI design is not optimized for N_PRB <= 10. Therefore, the number of symbols for sPDCCH monitoring can be less than 4.
For 2-symbol sTTI, sPDCCH overhead will be significant. Therefore, it is desirable that the number of OFDM symbols for sPDCCH monitoring is limited to 1 or 2. Depending on whether the sPDCCH transmission scheme is CRS-based or DMRS-based, the number of OFDM symbols for sPDCCH monitoring can be different. For example, for CRS-based transmission, the number of OFDM symbol for sPDCCH monitoring is up to 1, while for DMRS-based transmission, the number of OFDM symbols for sPDCCH monitoring can be configured from 1 and 2.
For both cases, sDCI for the first sTTI in the subframe should be transmitted in the PDCCH region if the first sTTI exists. In order to make sure that this sDCI for the first sTTI does not increase the blind decoding complexity, the sDCI in the PDCCH region should have the same payload as one of the legacy DCI that the UE monitors. A sDCI scheduling sPUSCH should also be transmitted in the PDCCH region.
Proposal 4:
· For 1-slot sTTI,
· sDCI for the first slot is transmitted in the PDCCH region.
· sDCI in the PDCCH region should have the same payload as one of the DCI that the UE monitors.
· sDCI for the second slot is transmitted in the sPDCCH region.
· sPDCCH region can span up to 3 symbols.
· The number of symbols for sPDCCH in the second slot is configured by higher layer.
· For 2-OS sTTI,
· sDCI for the first sTTI in the subframe is transmitted in the PDCCH region in case of CFI=1.
· sDCI in the PDCCH region should have the same payload as one of the DCI that the UE monitors.
· sDCI for remaining sTTIs in the subframe is transmitted in the sPDCCH region.
· sPDCCH region can span up to 2 symbols.
· Number of symbols for sPDCCH region can be different between CRS-based and DMRS-based.

Frequency-domain
Multiple search space sets over the frequency-domain should be enabled for a given UE. In the different search space sets, different transmission schemes, resource mapping rules, etc, should be applicable. 
For the sREG/sCCE mapping over the frequency, the control channel should not span whole system bandwidth; the resource mapping scheme (e.g., distributed mapping or localized mapping) should be based on the RRC signaling. Distributed mapping is to achieve frequency-diversity gain and hence, CRS-based transmission scheme good matches. Localized mapping is to exploit precoding gain based on the CSI feedback from the UE and hence, DMRS-based transmission scheme good matches. With the multiple search space sets or with the multiple sPDCCH candidates, sPDCCH location in frequency-domain should be able to be changed per subframe/sTTI basis flexibly.
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Fig. 1	Example of sPDCCH candidates in frequency-domain.

Proposal 5:
· sPDCCH search space is defined for a limited time- and frequency- resources.
· UE may be configured with multiple sPDCCH search spaces on multiple RB sets.
· Transmission scheme and resource mapping method are configured per RB set.
· Multiple sPDCCH RB sets are able to be overlapped in frequency-domain.

2.4. Blind decodes for sPDCCH 
UE does not monitor PDCCH UE-specific search space in a subframe where the UE monitors EPDCCH. However, unlike EPDCCH, for sPDCCH monitoring, UE should still be able to monitor PDCCH or EPDCCH UE-specific search space; sPDCCH is specifically used to receive/transmit sPDSCH and sPUSCH and cannot be alternative to PDCCH/EPDCCH which schedules PDSCH/PUSCH. Therefore, it is desirable to keep PDCCH (or EPDCCH) blind decodes for UE-specific search space within a subframe, even when sPDCCH blind decodes are carried out. Otherwise, dynamic switching between 1ms TTI and sTTI cannot be flexible enough; in a subframe where the UE does not monitor PDCCH/EPDCCH UE-specific search space, 1ms TTI cannot be scheduled except for using common search space, which is unrealistic.
During the study item, there was a discussion whether a UE may be expected to monitor both EPDCCH and sPDCCH in the same subframe. It is possible to use EPDCCH to schedule PUSCH transmission while to use sPDCCH to schedule sPDSCH. Therefore, UE should be expected to monitor both EPDCCH and sPDCCH in the same subframe.
Proposal 6:
· Blind decodes for sPDCCH are distributed over the sTTIs within a given subframe.
· Blind decodes for sPDCCH are distributed over the multiple RB sets when configured.
· No. of blind decodes for PDCCH/EPDCCH should be the kept even if sPDCCH monitoring is configured.
· At least some UEs are expected to monitor both EPDCCH and sPDCCH in the same subframe.
· Maximum number of (E)PDCCH BDs for UE-SS within one subframe in which the UE is expected to perform BDs for sPDCCH should not be reduced.

2.5. RS for demodulating sPDCCH
For legacy PDCCH and EPDCCH, CRS on antenna port #0-#3 and DMRS on antenna port #107-#110 are used, respectively. For sPDCCH, existing CRS can simply be re-used. As the transmission scheme, SFBC (and FSTD for 4 port case) is enabled. For CRS-based transmission scheme, at least distributed mapping of sPDCCH should be usable.
In case if sDCI is transmitted by sPDCCH, newly introduced DMRS can be used. Note that the DMRS should be different from that for EPDCCH and PDSCH. Separate DMRS port(s) for sPDCCH and sPDSCH within the same DL sTTI should be the baseline since the number of layers, precoding matrices, MCS, coding scheme/rate, target BLER, etc., are different for these two channels. However, this requires doubled RS overhead. Therefore, it should also be possible to share the same DMRS between sPDCCH and sPDSCH as an optional way. Note that even if the DMRS-based transmission scheme is configured for sPDCCH, for sDCI in the PDCCH region, CRS should be used as in legacy PDCCH.
Proposal 7:
· CRS is used for demodulating sDCI in the legacy PDCCH region irrespective of whether CRS or DMRS is configured to demodulate sPDCCH.

3. Conclusion
In this contribution, we discussed sPDCCH design and proposed the following:
Proposal 1: 
· Above agreements achieved on the control resource set and control search space for NR-PDCCH can be re-used for LTE sPDCCH design.
Proposal 2: 
· From UE point of view, one control search space is configured for one control RB set.
· No more than one control search space is configured for a given control RB set.
· Following properties can belong to control RB set.
· Transmission/diversity scheme
· CCE-to-REG mapping
· RS structure
· REG grouping size

Proposal 3:
· An sREG is one RB during one OFDM symbol.
· May or may not include CRS and/or DMRS.
· An sCCE consists of a set of sREGs.
· sREGs forming an sCCE can be either contiguous or non-contiguous.
· FFS: exact number of sREGs per sCCE 
· An sPDCCH candidate consists of a set of sCCEs.
· sCCEs forming an sPDCCH can be either contiguous or non-contiguous.
· FFS: exact number of sREGs per sCCE and exact number of sCCEs per sPDCCH.
· Possible payload range of a sDCI should be clarified to fix the numbers.
Proposal 4:
· For 1-slot sTTI,
· sDCI for the first slot is transmitted in the PDCCH region.
· sDCI in the PDCCH region should have the same payload as one of the DCI that the UE monitors.
· sDCI for the second slot is transmitted in the sPDCCH region.
· sPDCCH region can span up to 3 symbols.
· The number of symbols for sPDCCH in the second slot is configured by higher layer.
· For 2-OS sTTI,
· sDCI for the first sTTI in the subframe is transmitted in the PDCCH region.
· sDCI in the PDCCH region should have the same payload as one of the DCI that the UE monitors.
· sDCI for remaining sTTIs in the subframe is transmitted in the sPDCCH region.
· sPDCCH region can span up to 2 symbols.
· Number of symbols for sPDCCH region can be different between CRS-based and DMRS-based.
Proposal 5:
· sPDCCH search space is defined for a limited time- and frequency- resources.
· UE may be configured with multiple sPDCCH search space sets.
· Transmission scheme and resource mapping method are configured per search space set.
· Multiple sPDCCH search space sets are able to be overlapped in frequency-domain.
Proposal 6:
· Blind decodes for sPDCCH are distributed over the sTTIs within a given subframe.
· Blind decodes for sPDCCH are distributed over the multiple search space sets when configured.
· No. of blind decodes for PDCCH/EPDCCH should be the kept even if sPDCCH monitoring is configured.
· At least some UEs are expected to monitor both EPDCCH and sPDCCH in the same subframe.
· Maximum number of (E)PDCCH BDs for UE-SS within one subframe in which the UE is expected to perform BDs for sPDCCH should not be reduced.
Proposal 7:
· CRS is used for demodulating sDCI in the legacy PDCCH region irrespective of whether CRS or DMRS is configured to demodulate sPDCCH.
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