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1 Introduction
At the RAN1 #88Bis, a series of agreements and work assumptions were reached about various aspects of the sPDCCH as follows [1]: 
	Working assumption
· A sPDCCH RB set can be configured to a UE by higher-layer signalling either with distributed or localized mapping of sCCE to sREG
· FFS if more than one RB set is supported 
· FFS if more than one set can be distributed/localized. 
Working assumption
· A UE can be configured with one or two sPDCCH RB set(s) containing the UE’s user-specific sTTI search space. FFS whether more than two can be configured to a UE

Agreement:
· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to DMRS based sPDCCH

Working Assumption:
· An sREG consists of 1 RB within 1 OFDM symbol including REs for CRS and/or DMRS applied to CRS based sPDCCH

Agreement:
· The number of OFDM symbols per RB set for CRS based sPDCCH for 2/3-symbol sTTI is 1 or 2 configured by higher layer
· The number of OFDM symbols per RB set for CRS based sPDCCH for 1-slot sTTI is 1 or 2 configured by higher layer. FFS on 3 OFDM symbols. 




With these agreements in mind, we discuss aspects related to the design of search space for the sPDCCH and make a number of proposals to progress the design. 

2. Discussion
2.1 sPDCCH starting position and resource configuration
The starting OFDM symbol of the sPDCCH search space can be determined based on the determined DL sTTI length for a given UE. Figure 3 shows one example of 2-symbol sTTI configuration. Each sPDCCH contains one or two consecutive OFDM symbols, on top of which the sPDCCH search space is defined. 

 Proposal 1: The starting OFDM symbol of sPDCCH is determined by the UE based on the configured sTTI length.
2.2. Multiplexing of sPDSCH and sPDCCH 

In RAN1 #85, it was agreed to support both CRS-based and DMRS-based sPDCCH transmissions. Different opitons for mulitipleing sPDCCH and sPDSCH can be considering, including FDM and FDM/TDM. Here FDM is typically understood such that sPDCCH can be mapped to all symbols of a sTTI, while FDM/TDM would mean that sPDCCH can be mapped to N first symbols of a sTTI. 

Figure 1 shows an example of the FDM and hybrid FDM/TDM approaches for 2-symbols where in the hybrid case only the PRB in the 1st symbol is used for the sPDCCH transmission for 2-symbols sTTI. In the 2nd symbol a DMRS-based sPDSCH can be scheduled for other Rel.14 sTTI terminals with some restrictions on the maximum number of layers. 

	
[image: image1]


Figure 1: Mulitplexing between sPDCCH and sPDSCH using FDM and hybrid TDM/FDM for sTTIs.

The tradeoffs of the above two multiplexing options have been extensively discussed for LTE ePDCCH design. The benefit of FDM multiplexing over the hybrid FDM/TDM multiplexing are severals:  

· With FDM, at a given ontrol channel capacity, fewer PRB paris are affected since all symbols within a sTTI are utilized. 

· Legacy UEs and sTTI UEs with different sTTI lengths can be less effected as they can not scheduled using a restricted PDSCH. 

· The ability to do frequency domain ICIC of the sPDCCH is relatively larger. 

· In the hybrid mode, the transmission of a DMRS-based sPDSCH in the 2nd symbol for a different UE is limited to one layer in 2-symbols sTTI case, e.g. UL grant is transmitted in the 1st symbol. Consquently, the rank of all RBs the sPDSCH is mapped to will be limited by this since rank can not be different in different part of the sPDSCH transmission. 

· FDM is benefitial for coverage due to potential power boosting. 

Deceased sPDSCH processing time is the main concern of FDM multiplexing scheme. For the 2-symbols sTTI, the reduction in available sPDSCH decoding time with TDM/FDM multiplexing is marginal. In light of benefits of FDM multiplexing listed above, we thus have the following proposal: 

Proposal 2:  For 2-symbols sTTI, multiplexing between sPDSCH and sPDCCH transmission uses FDM.  
For 7-symbols sTTI, it is desirable to transmit a sPDCCH in the first one or two symbols at the beginning of 7-symbols S-TTI to achieve a low latency, as illustrated in FIG.1 (b). FDM-based multiplexing would incur a lose of hunderds of microseconds in processing time, which can significantly increase complexity at the UE side. Therefore, we propose: 

Proposal 3: For 7-symbols sTTI, multiplexing sPDSCH and sPDCCH uses TDM/FDM.   
2.3 Search space design of sPDCCH

To improve the resource efficiency of DL sTTI, it is desirable to allow one sPDCCH resource set to carry independent scheduling information, i.e., DCIs for different UEs. There will be a number of PRB pairs allocated or configured for sPDCCH seen from a single UE perspective. Other UEs may be sharing a fraction or the full set of PRB pairs allocated for a given UE. It should be noted that the set of physical resources provided for the UE as search space serve the purpose of possible allocations and they may be used by the eNB for other purposes such as scheduling other UEs or even for user data as PDSCH resources.
Proposal 4: The UE-specific search space on sPDCCH can be overlapped for different UEs. 
The PRB pair may contain CRS, CSI-RS, PBCH, PSS and SSS and in this case are the sREG (and thus also the CCE) punctured by these channels and RSs. Since the eNB and the UE is aware of the presence of the puncturing, it can take it into account when performing sPDCCH link adaptation and demodulating the sPDCCH respectively.

Proposal 5: One sCCE maps to a pre-defined set of sREGs in a control resource set configured to the UE 
The support for localized and distributed sPDCCH transmission can be handled by having different principles for aggregating sREGs for a sCCE. Localized transmission implies that consecutive sREGs are aggregated to form a sCCE while distributed transmission implies that the sPDCCH candidate consist of sCCE aggregated from multiple distributed sREGs or distributed PRB pairs that are spaced apart across the bandwidth of control resource set and are not contiguous in order to provide frequency diversity within an sCCE. 
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Figure 2: Illustration of the localized and distributed sPDCCH transmissions 

Once the details of sPDCCH control resource sets have been agreed, the main aspect to be further studied is determining the exact search space location within each sPDCCH set that the UE is supposed to be monitoring.
2.3.1 Localized Transmission

For localized candidates, it is beneficial if the search space locations are uniformly distributed over the PRB pairs of a sPDCCH resource set to achieve decorrelation in frequency domain and hence enable frequency-selective scheduling benefits. This is ensured in the search space design below. 
Grouping of sREG to form sCCE
We assume sREG indices are sequentially mapped to the PRBs in a time first and then frequency manner within each control resource set. Assuming a sPDCCH control resource set contains N PRBs and each sCCE consist of L sREGs, there are in total N/L sCCEs in the sPDCCH control set. To simplify the search space design, it is beneficial to number the sCCEs sequentially over the PRBs within a control resource set. However, to maximize the opportunities for frequency selective scheduling of sPDCCH transmission, the adjacent sCCEs should not be used for consecutive sPDCCH candidates. This has to be considered in the search space design. Therefore, we have the following proposal for the sCCE to sREG mapping: 
Proposal 6: The localized 
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 in a sPDCCH control resource set configured for localized transmission of N PRB pairs and L sREG per sCCE are numbered over PRB pair sequentially. 
Sear spacing definition 
In addition, we propose that the mth search space candidate for aggregation level L within a control resource set for localized transmission is given by: 
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Where 
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is the number of sPCCH candidates to monitor at aggregion level 
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 in a sPDCCH control resource set and 
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 is the hashing function that is defined for ePDCCH in Rel-12. This ensures that the blind decoding candidates considered by a UE are evenly distributed  
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Figure 3: Numbering of sCCEs and illustrating of sPDCCH monitoring candidate for AL=1.  
2.3.2 Distributed Transmissions
Grouping of sREG to form sCCE

For distributed transmission, we proposed that the sREGs forming a sCCE are distributed  that are spaced apart across the bandwidth of control resource set whenever possible.  
Proposal 7: The Distributed 
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 in a sPDCCH control resource set configured for distributed transmission of N PRB pairs and L sREG per sCCE corresponds to sREGs numbered 
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Figure 4: sPDCCH monitoring candidate for AL=1 in case of Distributed transmissions  
For reason of simplicity, the same equation i.e. equation (1) can be also used for distributed transmission of sPDCCH,like ePDCCH in LTE. 

Proposal 8: The search space candidate m for different AL within a control resource set for both localized and distributed transmission is given by equation: 
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3. Conclusions
In this contribution, we discuss several aspects of S-PDCCH transmission. Based on the discussion, we make the following proposals:
Proposal 1: The starting OFDM symbol of sPDCCH is determined by the UE based on the configured sTTI length.
Proposal 2:  For 2-symbols sTTI, multiplexing between sPDSCH and sPDCCH transmission uses FDM.  
Proposal 3: For 7-symbols sTTI, multiplexing sPDSCH and sPDCCH uses TDM/FDM.   
Proposal 4: The UE-specific search space on sPDCCH can be overlapped for different UEs. 
Proposal 5: One sCCE maps to a pre-defined set of sREGs in a control resource set configured to the UE 

Proposal 6: The localized 
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 in a sPDCCH control resource set configured for localized transmission of N PRB pairs and L sREG per sCCE are numbered over PRB pair sequentially. 
Proposal 7: The Distributed 
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 in a sPDCCH control resource set configured for distributed transmission of N PRB pairs and L sREG per sCCE corresponds to sREGs numbered 
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Proposal 8: The search space candidate m for different AL within a control resource set for both localized and distributed transmission is given by equation: 
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