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1 Introduction
In the RAN1 #90 meeting, several agreements and working assumptions were made regarding various aspects of sPDCCH as follows [1]: 

	Agreement
· For an RB set configured with more than 1 symbol and the localized sCCE-to-sREG mapping for CRS based sPDCCH, the frequency-first time-second sCCE-to-sREG mapping is adopted. 

· For an RB set configured with more than 1 symbol and the distributed (FFS: on sCCE or sREG level) mapping for CRS based sPDCCH, the frequency-first time-second sCCE-to-sREG mapping is adopted. 

Agreement:

· For an RB set configured with more than 1 symbol and the localized sCCE-to-sREG mapping for DMRS based sPDCCH, the time-first frequency-second sCCE-to-sREG mapping is adopted. 

· For an RB set configured with more than 1 symbol and the distributed (FFS: on sCCE or sREG level) mapping for DMRS based sPDCCH, the time-first frequency-second sCCE-to-sREG mapping is adopted.
Agreement: 

·   In sTTI operation, there is no restriction for RB sets to be fully non-overlapping by specification.
Agreement:

· For employing SFBC in CRS-based sPDCCH, the maximum number of antenna ports is 4. The number of antenna ports is indicated by the PBCH. Handling of orphan RE is FFS.
Agreement:
·   DMRS bundling (if applicable) is supported for DMRS based sPDCCH




In this contribution, we further discuss the remaining open issues of sPDCCH design.  
2. Discussion
2.1 sPDCCH resource set configurations
An open issue for sPDCCH RB set configuration is whether we should set a restriction on the maximum size of the RB set. In general, the number of RBs in a sPDCCH resource set may depend on several factors, e.g., UE geometry, the sTTI length, system bandwidth, UE number, etc., and there should be a tradefoff between control overhead and scheduling flexibility. To ensure full flexibility for sTTI operation and simplifiy the design, the number of RBs in a sPDCCH resource set should be left to eNB implementation without any restriction. More specifically, the sPDCCH resource set(s) configured for a UE should be applied for all sTTIs in a subframe so as to minimize the control signaling overhead.      
Proposal 1

· The number of PRB pairs configured for an sPDCCH resource set is left to eNB scheduler without restriction.
· The sPDCCH resource sets are identical across sTTIs within a subframe.   

2.2 On DMRS bundling for DMRS-based sPDCCH
The main intention of introducing PRB bunding for DMRS-based sPDCCH is to improve the channel estimation accuracy. The number of RBs to operate DMRS bundling for DMRS-based sPDCCH is related to several aspects. In principle, the system performance could be degraded as the frequency selective precoding granularity increases, where the same downlink precoding vector is applied across multiple consecutive PRBs. However, the performance impact istrongly depends on the properties of the CSI feedback by UE. It is hard to exploit per-PRB precoding granularity for sPDCCH as the CSI measurement is averaged over sub-bands, i.e., several consecutive PRBs, and this may not be sufficient to capture the required CSI accuracy for each PRB. Hence, based on the current CSI feedback graunarity, a precoding granularity coarser than 1 PRB is preferred. 

As discussed in Rel-10 for PRG size, it was observed that the small bundle size of 2 is feasible to achieve channel estimation improvement with relatively small impact on UE channel estimation implementation, e.g., for only two sets of filter coefficients for the 2D-MMSE method. 
Therefore, we propose: 
Proposal 2: 

· DMRS bundling is mandatory for DMRS-based sPDCCH to improve the channel estimation performance. 
· Consider a fixed bundling size of 2 PRBs for DMRS-based sPDCCH.  

2.3. Transmit Diversity for CRS-Based sPDCCH
In RAN1 #90, it was agreed to support SFBC with up to 4 CRS antenna ports for sPDCCH transmission.  The number of antenna ports is indicated by the PBCH. One remaining issue identified on the SFBC/FSTD scheme for sPDCCH is the orphan RE problem that reduces the number of transmission possibilities which may motivate a new design of transmit diversity for sPDCCH transmission. 
As depicted in FIG.1 below, the current SFBC for 2 CRS APs or SFBC-FSTD for 4 CRS APs requires allocation in groups of 2 or 4 adjacent REs, respectively, which leads to up to 3 orphan REs in one sREG depending on the combinations of the CRS and CSI-RS AP numbers.
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Figure 1: Orphan RE problem for different CSI-RS ports
The simplest way is to skip the unused REs for sPDCCH transmission in the presence of CSI-RS. The number of REs within an sREG that can be utilized by this scheme is reduced and, hence, it results in performance loss. This is not so attractive given that the number of REs in an sTTI is rather limited. Therefore, it seems preferable to consider some kind of open-loop transmit diversity scheme (e.g., CDD-based) to utilize the orphan REs for CRS-based sPDCCH transmission. 
Proposal 3: 

· Consider introducing an enhanced open-loop based transmit diversity scheme for CRS-based sPDCCH.  
3. Conclusions
In this contribution, we discuss several aspects of sPDCCH transmission. Based on the discussion, we make the following proposals:
Proposal 1

· The number of PRB pairs configured for an sPDCCH resource set is left to eNB scheduler without restriction.

· The sPDCCH resource sets are identical across sTTIs within a subframe.   

Proposal 2: 

· DMRS bundling is mandatory for DMRS-based sPDCCH to improve the channel estimation performance. 
· Consider a fixed bundling size of 2 PRBs for DMRS-based sPDCCH.  

Proposal 3: 

· Consider introducing an enhanced open-loop based transmit diversity scheme for CRS-based sPDCCH.  
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