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1. Introduction
In RAN1 #84 most of the companies agreed that some upper bound on the number of blind decodes needs to be introduced. However, it could not be agreed on how these restrictions should be formulated. Furthermore, the outcome of SI [1] states: “From resource utilization perspective, sPDSCH assigned by a sPDCCH can be mapped to resources that are left unused by any sPDCCH.”
In this contribution, we tackle the issue of reusing unused control resources for data, which enables sPDCCH and sPDSCH multiplexing in each OFDM symbol of sTTI. However, we believe that the mechanism of “reuse” is highly dependent on the number of blind decodes UE will be capable to perform as well as connected to the sPDCCH search space design discussed in our accompanying contribution [2]. 

2. Multiplexing between sPDCCH RB-set and sPDSCH  
Based on the outcome of email discussion [89-6] in [4], we have the following proposals concerning sPDCCH and sPDSCH multiplexing in 1-slot sTTI:
· Proposal-1: For 1-slot sTTI containing sPDCCH, the TDM of sPDCCH and sPDSCH in a single sPRB (in addition to FDM of different sPRBs) is supported for the following cases: 
· CRS-based sPDCCH and CRS-based sPDSCH
· CRS-based sPDCCH and DMRS-based sPDSCH
· DMRS-based sPDCCH and CRS-based sPDSCH
· DMRS-based sPDCCH and DMRS-based sPDSCH
Despite the fact that we were not directly asking about the support of scheduling for different DMRS/CRS based combinations of sPDCCH/sPDSCH, we think that the following could be the common agreement as well:
· Proposal-2: For 1-slot 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 CRS-based sPDSCH
· DMRS-based sPDCCH scheduling DMRS-based sPDSCH
Based on the summary [89-6] in [4], the following proposals on sPDCCH and sPDSCH multiplexing in 2/3OS sTTI are brought forward and we suggest adopting majority view to progress further:
· Proposal-3: 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 CRS-based sPDSCH
· DMRS-based sPDCCH scheduling DMRS-based sPDSCH

· Proposal-4: For 2/3-OS sTTI containing sPDCCH, the TDM of CRS-based sPDCCH and CRS-based sPDSCH in a single sPRB is supported.
· TDM of CRS-based sPDCCH and DMRS-based sPDSCH is FFS

· Proposal-5: The length of DMRS-based sPDCCH for 2/3OS sTTI is equal to the sTTI length (i.e. until the end of 2/3OS sTTI). The TDM between DMRS-based sPDCCH and sPDSCH is not possible.


3. Enabling reuse of unused sPDCCH candidates/resources  
Based on the SI outcome [1], the dynamic reuse of empty sPDCCH resources/candidates is a design goal for sTTI DL control operation. Such dynamic reuse will require some dynamic signalling in the DL assignment. 
One signalling option could be to use a bitmap indicating for each of sPDCCH candidates, from the overall set of sPDCCH candidates/sCCEs present in a sTTI, if the candidate is used/occupied or not. The overall set of sPDCCH candidates/sCCEs should be known by/informed to a UE, as discussed in [2] and [3]. However, such sPDCCH candidate specific bitmap would unnecessarily increase the size of the sDCI1 for DL scheduling, in addition, the size of the bitmap would vary depending on the number of sUSS candidates in the sTTI. Therefore, other signalling solutions should be considered. 
Based on the email discussion on search-space [89-5], it seems that the majority companies assume that an eNB configure sPDCCH RB-set to a UE together with a search space of the following properties:
· configured starting sCCE per AL
· configured number of candidates per AL
· configured search space is identical for UL and DL DCIs
· configured candidates are mapped continuously on logical sCCEs
· RB-set of a UE can contain DCIs of any UEs within the cell. 
Based on these assumptions, we consider the two following schemes:
Continuous allocation of candidates within search space
One option to efficiently reuse unused control resource is to configure to multiple UEs the same sPDCCH RB-set(s), and the same starting sCCE positions for the ALs. This is illustrated on an example in Figure 1, where a single configured localized RB-set consists of 16 logical sCCEs, one UE monitors 3xAL1 + 3x AL2 and the other UE 3xAL2 and 2xAL4. 
The configuration of the same starting sCCE enables continuous mapping of candidates within each AL and would enable signalling of the last used candidate within each AL. To enable meaningful reuse, this would require 2bit per AL, resulting in 8bits (assuming 4 supported ALs) in the DCI.  
Such scheme becomes impractical, if different UEs monitor different RB-sets, such as distributed and localized, or an eNB needs to configure different AL starting sCCE for different UEs to avoid blocking. Therefore, if configurable starting sCCE per AL is required and consequently adopted, a different reuse signalling mechanism needs to be specified.




Figure 1 Reusing unused control resource using common search space for all sTTI UEs

Observation-1: Signalling scheme of the last used candidate of a AL search-space may not be feasible/practical for all meaningful configurations of RB-sets within sTTI.
 
Reuse scheme based on sCCE/candidate grouping
In order to make an efficient reuse scheme applicable to any desired configuration of RB-sets within the sTTI, we propose a scheme based on sCCE grouping.  This reuse scheme assumes that a UE knows a set of sPDCCH candidates/sCCEs across the configured RB-sets. This is illustrated on the Figure 2, where the total/overall number of sPDCCH candidates/sCCEs known to UE 1 and UE 2 is the same. 
The reuse scheme works as following: 
(i) the sCCEs belonging to sDCI scheduling sPDSCH (green in Fig.2) as well as sCCEs not contained in the UE1’s sPDSCH are excluded (white filling in Fig. 2). 
(ii) The signalling groups are formed on top of remaining sCCEs (in yellow, i.e. the ones within the PDSCH allocation not containing the scheduling DCI), shown in Figure 2. The number of signalling groups is determined by the number of bits configured in sDCI for the re-use mechanism. In our example, the UEs were configured with 4 reuse bits in sDCI.
The size of the signalling groups is adopted to the number of remaining sCCEs (i.e. in yellow) and distributed over the RB sets accordingly.
(iii) An eNB informs the UE, whether sPDSCH is present or rate-matched around the signalled groups of sCCEs physical resource overlapping with UE’s sPDSCH. 




Figure 2 Reusing the unused control resource for data when USS is subset of all sPDCCH candidates 
As can be seen from Figure 2, the sPDSCH allocation of UE1 only overlaps with RB-set 1 and therefore, all the 4 signalling groups for UE1 are automatically allocated to RB-set 1. For UE 2, the 4 signalling groups need to be distributed over the two RB-sets, as the sPDSCH allocation of UE2 is overlapping with both sPDCCH RB sets.
As can be seen from the example in Figure 2 where the green and yellow sCCEs can be placed anywhere/moved, the signalling scheme functions independently of the sPDSCH allocation, the search space definition of the each UE, the configurable starting points for each UE etc. Therefore, such signalling scheme can be applied independently of any details of the sPDCCH RB-set & USS definition for the UE. 
The grouping of sCCEs will in some cases decrease the efficiency of reuse. Therefore, the mechanism of DCI candidate resources puncturing the sPDSCH resources should be considered to complement the sPDCCH reuse operation. For example, if all of sCCEs except of one within a larger group of sCCEs are unassigned, the eNB may decide to signal this group as available for sPDSCH, and at the same time puncture the resources from the single occupied candidate within the allocated sPDSCH. Thereby, the complementing puncturing can significantly improve the efficiency of reuse of unused sPDCCH resources on top of group based dynamic signalling. 
Observation-2:  Puncturing of remaining occupied sPDCCH candidates/sCCEs/sREGs signalled as unused/unassigned, can further improve the efficiency of reuse of unused/unassigned sPDCCH resources in case of limited signalling granularity.
Overall, the reuse based on grouping of sCCEs seems to be applicable to all possible configurations of RB-sets and arbitrary configurations of search space starting sCCE, therefore we propose:
Proposal-6: The sPDSCH reuse of unoccupied sPDCCH resources is to be enabled by a combination of dynamic signaling of unused groups of sPDCCH sCCEs combined with eNB puncturing of remaining occupied candidates. In order to optimize the reuse efficiency, the grouping and the candidate set is to be UE-specific based on the UE-specific sPDSCH allocation.

4. Summary
Based on the discussion in this contribution, we have the following observations and proposals:
Proposal-1: For 1-slot sTTI containing sPDCCH, the TDM of sPDCCH and sPDSCH in a single sPRB (in addition to FDM of different sPRBs) is supported for the following cases: 
· CRS-based sPDCCH and CRS-based sPDSCH
· CRS-based sPDCCH and DMRS-based sPDSCH
· DMRS-based sPDCCH and CRS-based sPDSCH
· DMRS-based sPDCCH and DMRS-based sPDSCH

Proposal-2: For 1-slot 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 CRS-based sPDSCH
· DMRS-based sPDCCH scheduling DMRS-based sPDSCH

Proposal-3: 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 CRS-based sPDSCH
· DMRS-based sPDCCH scheduling DMRS-based sPDSCH

Proposal-4: For 2/3-OS sTTI containing sPDCCH, the TDM of CRS-based sPDCCH and CRS-based sPDSCH in a single sPRB is supported.
· TDM of CRS-based sPDCCH and DMRS-based sPDSCH is FFS
Proposal-5: The length of DMRS-based sPDCCH for 2/3OS sTTI is equal to the sTTI length (i.e. until the end of 2/3OS sTTI). The TDM between DMRS-based sPDCCH and sPDSCH is not possible.

Observation-1: Signalling scheme of the last used candidate of a AL search-space may not be feasible/practical for all meaningful configurations of RB-sets within sTTI.
[bookmark: _GoBack]Observation-2:  Puncturing of remaining occupied sPDCCH candidates/sCCEs/sREGs signalled as unused/unassigned, can further improve the efficiency of reuse of unused/unassigned sPDCCH resources in case of limited signalling granularity.
Proposal-6: The sPDSCH reuse of unoccupied sPDCCH resources is to be enabled by a combination of dynamic signaling of unused groups of sPDCCH sCCEs combined with eNB puncturing of remaining occupied candidates. In order to optimize the reuse efficiency, the grouping and the candidate set is to be UE-specific based on the UE-specific sPDSCH allocation.
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