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1 Introduction
In RAN1 #90 meeting, the following agreements on sPDCCH design were made [1]:
Agreement:

· From resource utilization perspective, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH
· For 1-slot sTTI containing sPDCCH, both TDM (if supported) and FDM of sPDCCH and sPDSCH are supported.
· For 2/3-OS sTTI containing sPDCCH, the following scheduling cases are supported:
· CRS-based sPDCCH scheduling CRS-based sPDSCH
· CRS-based sPDCCH scheduling DMRS-based sPDSCH
· DMRS-based sPDCCH scheduling DMRS-based sPDSCH
· For 2/3-OS sTTI containing sPDCCH, TDM (if supported) and FDM of CRS-based sPDCCH and CRS-based sPDSCH is supported.
· For 2/3-OS sTTI containing sPDCCH, FDM of CRS-based sPDCCH and DMRS-based sPDSCH is supported.

· FFS: TDM of CRS-based sPDCCH and DMRS-based sPDSCH is supported 
· For 2/3-OS sTTI containing sPDCCH, FDM of CRS-based sPDCCH and DMRS-based sPDSCH is supported.
· Prioritize designing a mechanism for unused sPDCCH resources for 2/3-OS sTTI
· The sPDCCH reuse indication is based on RB set, sREG, sCCE, or sPDCCH candidate granularity. Details are FFS.
· Adopt the same mechanism for 1-slot sTTI, if applicable
This contribution discusses utilizing the unused sPDCCH resources for sPDSCH transmission. It is a revision of R1-1712325.
2 sPDCCH multiplexing with data
In case of CRS-based sPDCCH using only the first symbol in a sTTI or DMRS-based sPDCCH using the first several symbols in a 1-slot DL sTTI, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH through explicit indication. To make the precoding for the unused sPDCCH resources (sharing with the same one with sPDSCH) more precise, only the unused sPDCCH resources that are located within the range of a sPDSCH in the frequency domain can be indicated to use as shown in Figure 1. In addition, it is also beneficial to achieve a better channel estimation for the unused sPDCCH resources. 
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Figure 1 sPDCCH multiplexing with sPDSCH
Proposal 2: sPDSCH could only use the unused sPDCCH resources that are located within the frequency range of the sPDSCH assigned by DL grant. 
3 Indication of unused sPDCCH resources
Granularity of unused resources
It is still a FFS on whether the unused resources are based on RB or RE level. But it seems that the granularity of RB/RE level is too small, making it inconvenient to be reused by sPDSCH. The possible granularity of unused resources could be increase to sCCE level or candidate level.

How to indicate

As the number of PRBs in a PRB set can be configured, the number of sCCEs in the PRB set could not be a fixed value. But the size of indication field in DL assignment should be fixed. As an example shown in Figure 2, 2-bit is used to indicate the proportion of the used sCCEs in total, and 4 scaling factors [1/4, 1/2, 3/4, 1] is used. It is assumed that sCCEs are used sequentially in the PRB set. 
This scheme may result in some unused sCCE(s) not being used by any sPDSCH, and it is a trade-off between control overhead and utilization of the unused sPDCCH resources.
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Figure 2 The proportion of the used sCCEs
Alternatively, one or two aggregation level(s) with predefined number of candidates could be configured for a UE in order to reduce the maximum number of blind detections. The UEs with the same aggregation level(s) could be configured within the same PRB set with nest structure of search space. For example, 2 bits are used to indicate the end of the used candidates in granularity of lower aggregation level in Figure 3. 2 aggregation levels are configured with nest structure, e.g. aggregation level 2 and 4. Lower aggregation level has 4 candidates and higher aggregation level has 2 candidates. 
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Figure 3 Indication by the end of the used candidates
Above all, when sPDCCH and sPDSCH are TDMed & FDMed within a sTTI, the unused sPDCCH resources can be explicitly indicated by the proportion of used sCCEs or the end of the used candidate using 2 bits in DL grant under the assumption that the sCCE are used sequentially. 
Proposal 3: The unused sPDCCH resources can be explicitly indicated by the proportion of used sCCEs or the end of used candidate using 2 bits in DL grant. 
4 Conclusion

According to the analysis given above, we have the following observations and proposals: 
Proposal 1: For 2/3-OS sTTI containing sPDCCH, FDM of DMRS-based sPDCCH and DMRS-based sPDSCH is supported.
Proposal 2: sPDSCH could use the unused sPDCCH resources if the unused sPDCCH resources are located within the frequency range of the sPDSCH assigned by DL grant.
Proposal 3: The unused sPDCCH resources can be explicitly indicated by the proportion of used sCCEs or the end of used candidate using 2 bits in DL grant.
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