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1
Introduction
In RAN1 #85, the following agreement was reached:

Agreements:
· From resource utilization perspective, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH

· Details are for further study, e.g., FFS whether unused resources is RB or RE level
In this contribution, we provide some design details to enable efficient multiplexing of sPDCCH and data over each sTTI. In order to do this, an efficient sPDCCH search space arrangement scheme and sPDSCH resource management scheme should be devised. Building upon these schemes, dynamic rate-matching that exploits the unused sPDCCH resources for sPDSCH transmission can be achieved.
2
sPDCCH and Data Multiplexing 
The sPDCCH structure and search space design are discussed in details in [1]-[2]. As discussed, each RB set is fully contained within one DL RMB. Further, the search spaces for DL and UL grants are non-overlapping. In particular, we propose that the DL grant within each RB set is placed at the sCCEs with the smallest indices, while the UL grants are sent via the sCCEs with the largest indices. This separation of DL and UL grants facilitates the introduction of a multiplexing scheme that make it feasible to reclaim the unused sPDCCH resources for data transmission.
Figure 1 shows an illustrative example of the allocation position of DL and UL grants. As explained in details in [1]-[2], it should be noted that the configured RB set may include a set of distributed RBs within an RMB. In this figure, only to simplify the illustration, it is assumed that the RB set comprises contiguous RBs, and the constituent sCCEs of the DL and UL search spaces are also contiguous. 
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Figure 1: Allocation positions of Stage 1 downlink and uplink grants in the sPDCCH control region.
The sPDCCH control region is sized to accommodate the nominal level of grants and aggregation levels, and will be purposely oversized such that all grants can fit into the control region as previously shown in Figure 1. However, because of this oversizing, there will be sPDCCH resource elements that can go unused which is wasted overhead. A method can be introduced to allow these resources to be used as sPDSCH resources for user that is given the sDCI1 grant. Within the DL grant, a sPDSCH Rate Matching Information field informs the DL grant holder of sPDCCH resources that should be used for sPDSCH. Hence, the sPDSCH channel can rate match around the DL and UL grants to try to efficiently reuse this unallocated sPDCCH control space. 
The UE knows which sCCEs are used for sending the DL grant, and knows the largest sCCE index used. The sPDSCH Rate Matching Information field may include multiple bits, where each bit combination indicates which sCCEs are unused. For example, 000 may indicate no resource within the RB set is available for data, while 100 may indicate that all the sCCEs between the last sCCE used for DL grant transmission and sCCE j are available for data transmission. This is illustrated in Figure 2.
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Figure 2: sPDSCH Rate Matching Information Field sent in sPDCCH.
The sPDSCH Rate Matching Information field within the sDCI1 grant can be sized to 3 bits to provide 8 different sCCE indices as mentioned before. In Figure 3, an example of 8 sCCE indices within the RB set is shown, which map to the start of the UL control grants corresponding to the different aggregation levels. In this example, the bit map corresponding to ‘5’ indicates that the sCCE resources between the last sCCE used for DL grant to the sCCE indexed by ‘5’ in the figure are all available for sPDSCH.
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Figure 3: Identification of the Region usable for sPDSCH via the Rate Matching Information Field.
Proposal 1: Rate matching information should be given in the DL grant to facilitate reclaiming the unused sPDCCH resources for sPDSCH transmission.
It should be noted that the rate-matching scheme proposed in this section can be adopted for both CRS-based as well as DMRS-based sPDCCH. For an efficient multiplexing of DMRS-based sPDCCH and data, some further design considerations should be taken into account as described in the following section.

3
Aspects of DMRS-Based Design for sPDCCH 
In this section, we provide additional details for implementing a DMRS-based sPDCCH channel mainly focused on a 2-symbol sTTI operation. While many of the principles previously presented remain valid, there are additional structural modifications introduced to the sPDCCH channel to support the DMRS-based reference tones.

Previously, we discussed the integration of control and data resources within the same RMB. Although the proposed approach can suitably work for a CRS-based implementation, it may create excessive reference signal overhead for a DMRS-based design. For example, a sPDSCH region that is co-located with both DL and UL sPDCCH grants that may be intended for different users will require separate DMRS signals for each individual user. This results in a congestion of DMRS reference symbols. It is therefore desirable to set up an FDM approach between control and data regions under the DMRS-based transmission modes. Within each of these FDM regions (sPDCCH DL grants, sPDCCH UL grants, and sPDSCH), separate user-specific DMRS signals are included as shown in Figure 9. For each PRB, 3 sets of DMRS tones are used per port and per RB with equal spacing in frequency. Placement of the DMRS within the RMB are shifted in frequency to ensure that there is no collision with the CRS signals.
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Figure 4: FDM placement of user-specific DMRS signal within sPDCCH DL and UL grants
Note that both the DL and UL control regions span the duration of the sTTI for both 2-symbol and 3-symbol sTTIs.
Additionally, note that the same rate matching of the sPDSCH region can be performed as discussed in the preceding section. A Rate Matching Information field will be present in the DL sPDCCH control assignment within each RB set. With this information, the DL user will be able to correctly identify the DL sPDSCH portion of a given RMB.

Proposal 2: The DMRS-based sPDCCH DL assignment, sPDCCH UL assignment, as well as the sPDSCH data assignment should be FDMed. Also, sPDCCH should span the full two/three symbols of an sTTI.
Finally, as shown in this section, sending DMRS for sPDCCH demodulation in every sTTI is very costly. Hence, it would be beneficial if DMRS is not sent in every sTTI. In that case, some ways to determine the presence or absence of DMRS in an sTTI for sPDCCH demodulation should be considered.
Proposal 3: Further study how to determine the presence or absence of DM-RS in an sTTI for DM-RS based sPDCCH.
4
Conclusions 
Proposal 1: Rate matching information should be given in the DL grant to facilitate reclaiming the unused sPDCCH resources for sPDSCH transmission.
Proposal 2: The DMRS-based sPDCCH DL assignment, sPDCCH UL assignment, as well as the sPDSCH data assignment should be FDMed. Also, sPDCCH should span the full two/three symbols of an sTTI.
Proposal 3: Further study how to determine the presence or absence of DM-RS in an sTTI for DM-RS based sPDCCH.
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