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1 Introduction
In the RAN1 #89 meeting, several agreements and work assumptions were made regarding various aspects of sPDCCH as follows [1]: 

	Agreement
· A CRS based sPDCCH RB set can be configured to a UE by higher-layer signalling either with distributed or localized mapping of sCCE to sREG
· FFS definition of localized mapping
· A UE can be configured to monitor at most two sPDCCH RB set(s) containing the sTTI USS in an sTTI.

· One sPDCCH candidate is contained within one RB set
Agreement
· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to CRS based sPDCCH
Agreement
· A sPDCCH RB set can be configured with at least the following information:

· A set of RBs 

· EPDCCH PRB allocation is reused

· Transmission scheme (e.g., CRS-based or DMRS-based)

· FFS: Dependent on subframe type

· Localized or distributed sCCE to sREG mapping (at least for CRS, and, if supported DMRS-based sPDCCH)

· FFS: Localized or distributed sPDCCH candidate to sCCE mapping

· Number of sPDCCH candidates/aggregation levels of the RB set

· FFS: Same or different sPDCCH candidates for different sTTI index

· Number of symbols for sPDCCH duration at least in case of CRS-based transmission

· RS scrambling sequence (e.g., VCID) in case of DMRS-based transmission

· FFS: other information (if needed)
Agreement
•
The number of OFDM symbols per RB set for DMRS based sPDCCH for 1-slot sTTI is 2

•
The number of OFDM symbols for DMRS based sPDCCH for 2/3-symbol sTTI is

•
2 for 2-symbol sTTI#1,2,3,4

•
FFS: 3 for 3-symbol sTTI#1 and #5

•
FFS: sTTI#0



In this contribution, we further discuss the remaining open issues of sPDCCH design.  
2. Discussion
2.1 sPDCCH configuration 
The number of OFDM symbols of 2-OS sPDCCH was agreed to be 2, but it remains FFS for the 3-OS case. 
Possible options include 2 or 3 symbols. The latter option provides benefits in several aspects that have been extensively discussed in [2]. One problem of Opt.1, i.e., 2-OS sPDCCH, is that the transmission of a DMRS-based sPDSCH in the 3rd symbol for a different UE is limited to one layer, e.g., UL grant is transmitted in the 2-OS sPDCCH. Consequently, the rank of all RBs the sPDSCH is mapped to will be limited since the rank cannot be different in different parts of the sPDSCH transmission. With Opt.2, i.e., 3-OS sPDCCH, fewer PRB pairs are affected at a given control channel capacity since all symbols within an sTTI are utilized. Legacy UEs and sTTI UEs with different sTTI lengths can be also less affected as they cannot be scheduled using a restricted PDSCH. 

In light of the benefits of 3-OS sPDCCH, we have the following proposal: 
Proposal 1: The number of OFDM symbols for DMRS-based sPDCCH for 3-OS sTTI should be 3 to achieve FDM between sPDCCH and sPDSCH resources. 
Another open issue that RAN1 needs to address is whether distributed transmission for DMRS-based sPDCCH configuration is necessary. It is well known that localized transmission of sPDCCH facilitates the exploitation of beamforming gain and also dynamic resource sharing with sPDSCH, while distributed transmissioin is also of importance for sPDCCH to ensure link robustness/reliability. As identified in RAN1 email discussions, one use case of interest for distributed DMRS-based sPDCCH is for an MBSFN subframe when no accurate CSI information is available.  

Proposal 2: Distributed sREG-to-sCCE mapping should be also supported for DMRS-based sPDCCH configuration.
The issue of sPDCCH placement for sTTI #0 has come up several times in past discussions and remains open. We still prefer to make it configurable, either in legacy PDCCH or sPDCCH region in sTTI #0. This approach provides the required flexibility to the eNB to deal with the control load distribution over PDCCH and sPDCCH with finer allocation granularity so as to achieve the best resource utilization. 
Proposal 3: The location of sPDCCH for sTTI #0 is configurable between the PDCCH region and sPDCCH. 
2.2 sREGs-to-sCCE mapping 

It was agreed [1] that an sPDCCH is received within a resource set and up to two sPDCCH RB sets can be configured for sTTI operation. The basic building block of the sPDCCH was also agreed, i.e., sREG is one PRB in frequency in one OFDM symbol. Also, like in current LTE, an sCCE is composed of multiple sREGs. 

Each sPDCCH RB set has multiple sREGs with numbering either in a frequency-first or time-first manner, as depicted in FIG.1 below. An sCCE may be mapped to a set of sREGs generated with or without interleaving (i.e., localized vs. distributed transmission) so that they are in non-contiguous PRBs which can provide diversity gain or in contiguous PRBs in frequency to leverage precoding gain. 
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Figure 1: Distributed and localized sREG-to-sCCE mapping assuming 4 sREGs per sCCE

Each sPDCCH RB set has a single mapping of sREGs to sCCE for a UE, i.e., with either localized or distributed transmission, but cannot have both. The mapped sCCEs are themselves numbered in increasing order based on the lowest sREG index within each sCCE. 

Proposal 4: A single mapping of sREGs to sCCE is configured per sPDCCH RB set.   
In order to reuse channel estimates across multiple symbols, it is desirable for DMRS-based sPDCCH that spans two or more symbols to occupy the same physical sREGs (PRBs) in each OFDM symbol. This can be achieved by applying time-first mapping. Also, the time-first sREGs-to-sCCE mapping allows a smaller footprint in the frequency domain for DCI payload, which is useful for coverage, interference coordination in dense networks and efficient multiplexing between control and data especially for DMRS-based sPDCCH transmission. On the other hand, frequency-first mapping achieves relatively shorter latency and higher frequency diversity for distributed sPDCCH transmission. As the latency benefit of frequency-first is negligible due to the small number of sPDCCH symbols, we slightly prefer to map the sREGs to sCCE using the time-first-frequency-second order at least for DMRS-based localized sPDCCH transmission.   

Proposal 5: Support Time-First mapping for sREGs-to-sCCE at least for DMRS-based localized sPDCCH. 

2.3 On the size of sCCE

The number of sREGs per sCCE determines the maximum diversity order per sCCE. The BLER performance of distributed sPDCCH naturally depends on the degree of frequency diversity. In Rel-8, a fixed CCE size of 36 REs is specified. For a 10 MHz system, DCI format 1A has a size of 43 bits while DCI format 2C has a size of 58 bits. An AL1 PDCCH transmission has an effective coding rate of 0.6 for DCI format 1A (i.e., for 43 bits) and 0.8 for DCI format 2C (i.e., for 58 bits). Given the payload size of a sDCI is ~45 bits, it is important to keep the sCCE size close to 36 REs to maintain a coding rate in the range of 0.6 to 0.8 for AL1 sPDCCH transmission. This also provides the ability to send an sDCI1 using roughly the same link adaptation granularity in terms of aggregation levels. 
To determine a suitable size of an sCCE in number of sREGs, the performance of sPDCCH is evaluated for different sDCI format sizes in our contribution [3]. It was observed that a sCCE size of 36 REs with RB-based sREG structure can offer similar BLER performance as the legacy PDCCH assuming payload size of ~40/50 bits. It should be noted that distributed sPDCCH transmission is also required for AL1 as robust performance is needed for DMRS-based sPDCCH at high SNRs, e.g., for high mobility UEs in an MBSFN subframe without accurate CSI.

Proposal 6: One sCCE comprises of 4 sREGs for the DMRS-based sPDCCH. 

2.4  Transmit Diversity for CRS-Based sPDCCH 
In RAN1#89, SFBC was agreed for CRS-based sPDCCH. In current LTE system, up to 4 CRS antenna ports is suppored. It is natural to leverage the 4 CRS antenna port transmit diversity scheme to improve the CRS-based sPDCCH performance. 

Proposal 7:  Maximum 4 CRS antenna port transmit diversity is supported for CRS-based sPDCCH. 
One issue brought up in a RAN1 email discussion 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.2 below, the current SFBC for 2 CRS APs or SFBC-FSTD for 4 CRS APs require RE allocation in group of 2 or 4 adjacent REs, respectively, which leads to up to 3 orphan unused REs in one sREG depending on the combinations of CRS and CSI-RS AP number.        
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Figure 2: 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 results in performance loss. This is not so attractive given 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 8: Consider introducing an enhanced transmit diversity scheme for CRS-based sPDCCH.  
2.5  Restriction of sPDCCH RB sets for sTTIs with different lengths
Another open issue for sPDCCH RB set configuration is whether to share PRBs in frequency between two sPDCCH RBs sets for 2-OS and slot-based sTTI. The drawback of having sPDCCH RB sets for different sTTI lengths be separate in different PRB pairs is that the two separate sets of PRB pairs need to be configured. This implies larger sPDCCH overhead and higher difficulty in applying frequency domain ICIC. More importantly, there is also a problem of efficiency at low scheduling load. Having the possibility to partially overlap the two sPDCCH RB sets still leaves the option to keep them in separate PRB pairs, if the network decides that this is beneficial in some scenarios. Hence, we propose: 
Proposal 9: sPDCCH RB sets with different sTTI lengths can be overlapped in frequency. 
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 OFDM symbols for DMRS-based sPDCCH for 3-OS sTTI should be 3 to achieve FDM between sPDCCH and sPDSCH resources. 
Proposal 2: Distributed sREG-to-sCCE mapping should be also supported for DMRS-based sPDCCH configuration.

Proposal 3: The location of sPDCCH for sTTI #0 is configurable between the PDCCH region and sPDCCH. 

Proposal 4: A single mapping of sREGs to sCCE is configured per sPDCCH RB set.   
Proposal 5: Support Time-First mapping for sREGs-to-sCCE at least for DMRS-based localized sPDCCH. 

Proposal 6: One sCCE comprises of 4 sREGs for the DMRS-based sPDCCH. 

Proposal 7:  Maximum 4 CRS antenna ports transmit diversity is supported for CRS-based sPDCCH.
Proposal 8: Consider introducing an enhanced transmit diversity scheme for CRS-based sPDCCH.  

Proposal 9: sPDCCH RB sets with different sTTI lengths can be overlapped in frequency. 
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