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1   Introduction
We have expressed our views regarding sPDCCH multiplexing with sPDSCH in the email discussion [89-06]. In this contribution, we elaborate on usage of unutilized sPDCCH resources for sPDSCH. 

2   Discussion

There have been proposals on how to utilize the unused control resources for sPDSCH during the email discussion [89-06]. The main theme of some of the proposals can be categorized into one or combination of the following schemes. In each sTTI,

(a) quantize the control region (known to all UEs or for each UE), and signal which part is available

(b) quantize the system (or sTTI) bandwidth and signal which part is available

(c) arrange UL and DL sPDCCH candidates such that a UE by finding its own DL grant can figure out which resources in its DL allocation is usable for sPDSCH

(d) signal unused sPDCCH-PRB sets amongst the configured sPDCCH-PRB-sets to be monitored by a UE

Each of the above schemes come with their own trade-offs e.g., with respect to control candidate placements or with relatively coarse quantization granularity to avoid putting many bits in a DL grant in a 2OS-based DL sTTI where control overhead is important to be efficiently managed. 

The same issue of unused control resource utilization can occur in the context of EPDCCH. Although, there are some differences between EPDCCH and sPDCCH scenarios such as: 

(a) Upto 4 eCCEs can fit into a PRB, while a sCCE (assuming 36 REs/sCCE) for sPDCCH spans more than 1 RB (assuming 2 symbols and 12 subcarriers per symbol) in an sTTI composed of 2 OFDM symbols.

(b) Resource allocation granularity can be different: e.g., larger RBG sizes may be used for sPDSCH

(c) sPDCCH length in number of symbols can be smaller than the number of symbols in the sTTI

(d) Multiplexing between 2OS-based sTTI UEs and longer TTI UEs (e.g. 0.5ms-sTTI UE)
For EPDCCH, the allocated PDSCH for a UE is only rate-matched around its own EPDCCH. In our view, depending on the resource allocation and sPDCCH configuration, similar approach as EPDCCH can be considered as baseline and may perform nearly as good as other alternatives without additional limitations and specification efforts. However, a better understanding of relative merits between different alternatives for resource reuse can be achieved only after decisions related to resource allocation mechanism and granularity as well as to sCCE aspects of sPDCCH are made. So we suggest: 
  Proposal 1: Resource utilization mechanisms to take advantage of unused sPDCCH resources should be discussed after RAN1 agrees on sPDSCH resource granularity and allocation mechanisms and also sCCE mapping details of sPDCCH.

During the email discussion [89-06], some companies preferred indicating unused logical control resources (e.g. sCCEs) for sPDSCH usage. The logical resources can be UE-specific (i.e., sCCEs corresponding to the UE’s search space) or non-UE specific (e.g., sCCEs present in the whole system bandwidth). In our view, 
· In case of logical resource indication within the UE’s configured sPDCCH-RB set, if the search spaces of co-scheduled UEs do not/partially overlap, the efficiency of the scheme degrades, e.g., 
· In case of 1 symbol sPDCCH with AL=4, assuming 3 sREGs/sCCE, each AL=4 candidate contains 12 RBs; to avoid blocking, those sPDCCH candidates may be non-overlapping for different UEs.
· If logical resources are system-wide indicated (e.g., by grouping): 
· even when there is one UE scheduled in a sTTI, eNB has to indicate all sCCE groups that are unused to the UE
· when a mix of 1 symbol and 2 symbol sPDDCH present in the sTTI, the UE with 1 symbol sPDCCH, may need to be signaled unused sCCE indices in the next symbol
· grouping large number of sCCEs may lead to minimal benefits in terms of utilizing unused control resources for PDSCH, and grouping a small number of sCCEs may lead to noticeable indication overhead
Observation 1: Depending on sCCE mapping details of sPDCCH, there could be a number of efficiency/overhead concerns regarding indication of unused logical control resources.   
3 Conclusions

We have made the following proposal and observation regarding usage of unutilized sPDCCH resources for sPDSCH:

Observation 1: Depending on sCCE mapping details of sPDCCH, there could be a number of efficiency/overhead concerns regarding indication of unused logical control resources. 
Proposal 1: Resource utilization mechanisms to take advantage of unused sPDCCH resources should be discussed after RAN1 agrees on sPDSCH resource granularity and allocation mechanisms and also sCCE mapping details of sPDCCH.

