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1 Introduction
In the RAN1#90 meeting, several agreements and work assumptions were made regarding various aspects of sPDCCH as follows [1]:
	Agreement
Support aggregation level L∈{1,2,4,8} for sPDCCH search space. 
Agreement
A UE can be configured to monitor an sPDCCH RB set p with M_p^((L))sPDCCH candidate(s) for sPDCCH search space at aggregation level L within an sTTI, where p∈{0,1} and M_p^((L))∈{0,1,…,M_total}. M_total is the maximum allowable number of sPDCCH candidates to be monitored in an sTTI over all sPDCCH sets and aggregation levels. 

- FFS: The value of M_total.

- FFS: The total number of RB sets configurable to a UE

Agreement:

The configured aggregation levels to be monitored within an sPDCCH RB set in an sTTI can be any subset of the supported aggregation levels L for sPDCCH search space. 
Conclusion:

Potential needed reduction of legacy USS blind decodes of DCI due to sDCI monitoring is FFS.


In this contribution we present our views on the search space design of the sPDCCH.  
2. Discussion
2.1 Applicability of DMRS-based sPDCCH transmission
An open issue of sPDCCH transmission is whether the DMRS-based sPDCCH configuration is allowed in non-MBSFN subframes or not. We think it is benefitial to allow DMRS-based sPDCCH in non-MBSFN subframes such that the beamforming gain can be leveraged by sPDCCH in scenarios, e.g., where FD-MIMO is deployed at the eNB. Furthermore, the resource sets for DMRS-based sPDCCH in non-MBSFN subframes and MBSFN subframe(s) can be separately configured by RRC signalling. This is benefitial in terms of resource utilization in an MBSFN subframe, considering that relatively larger RBs have to be allocated in non-MBSFN subframes due to the presence of CRS and corresponding larger ALs.      
Proposal 1: 

· DMRS-based sPDCCH can be configured for sTTIs in both non-MBSFN and MBSFN subframes. 
· Separate resource sets can be configured for DMRS-based sPDCCH transmissions in non-MBSFN subframes and MBSFN subfame(s).
2.2 Blind Decoding candidates
The number of available REs in an sREG for sPDCCH transmission can vary substantially in different sTTIs of a single subframe depending on the presence of CRS. To maintain consistent link adaptation performance for sDCI transmission in a subframe, the ALs of sCCEs should be adapted according to the CRS presence. For example, a first set of ALs may be configured and used when the puncturing level is less than a threshold, while a second set of ALs can be applied in other cases. More specifically, the exact ALs in one set can be up to the eNB scheduler, e.g., based on the measured UE geometry. 
Decoding of the sPDCCH directly impacts the UL and DL timing and RTT. To achieve the targeted latency reduction, it is important to limit the maximum number of BD attempts in sPDCCHs and PDCCCH within a 1ms TTI. More specifically, the number of BD attempts for monitoring legacy PDCCH candidates should be decreased to accommodate the decoding of sPDCCHs within the same TTI. To fully utilize the processing capability at the UE, the supported BD attempts on the legacy DCI format on PDCCH can be reported as part of the capability. Accordingly, it is left to the eNB scheduler to distribute the number of BDs for 1ms and sDCI formats within a subframe subject to UE capability.  
Proposal 2: 

· The number of sPDCCH candidiates per AL and per sTTI is semi-statically configured by RRC signaling as part of the sPDCCH resource set configuration. 
· Introduce UE capability signaling regarding the decoding capability per 1ms subframe, including both PDCCH and sPDCCH.   
2.3 Details of search space design
The PRB pair may contain CRS, CSI-RS, PBCH, PSS and SSS, and in this case the sREG (and thus also the CCE) are punctured by these channels and RSs. Since the eNB and the UE are both aware of the presence of puncturing, they can take it into account when performing sPDCCH link adaptation. In particular, encoding sDCI1 should be performed according to the effective RE number excluding the REs punctured by these known signals, i.e., CRS, CSI-RS, PBCH, PSS/SSS.

Proposal 3: 

· One sCCE maps to a predefined set of sREGs in a control resource set configured to the UE by applying coding chain rate-matching operation around the CRS/CSI-RS/PBCH/PSS/SSS if present. 
It was agreed to support both localized and distributed sPDCCH transmissions, targeting different use cases. Supporting these sPDCCH transmission modes is handled by defining different principles for aggregating sREGs for an sCCE. Localized transmission implies that consecutive sREGs are aggregated to form an sCCE, while distributed transmission implies that the sPDCCH candidate consists of sCCEs aggregated from multiple distributed sREGs or distributed PRB pairs that are spaced apart across the bandwidth of the control resource set in order to provide frequency diversity within an sCCE. 

Once the details of the sPDCCH control resource sets are agreed, the main aspect to be further studied is determining the exact search space location within each sPDCCH set that the UE is expected to be monitoring.
2.3.1 Localized transmission
For localized candidates, performance gain was generally observed in the study of ePDCCH in LTE if the search space locations can be uniformly distributed over the PRB pairs of a control 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 an sCCE

We assume the sREG indices are sequentially mapped to the PRBs in a time-first, frequency-second manner within each control resource set. Assuming that an sPDCCH control resource set contains N PRBs and each sCCE consists 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 the sPDCCH transmission, adjacent sCCEs should not be used as consecutive sPDCCH candidates. This has to be considered in the search space design. Therefore, we have the following proposal for the sREGs-to-sCCE mapping: 

Proposal 4: 

· For an N-PRB DMRS-based sPDCCH control resource set configured for localized transmission with L sREGs per sCCE, the localized 
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2.3.2. Distributed transmission
Grouping of sREG to form an sCCE

For distributed transmission, we propose that the sREGs forming an sCCE are spaced apart across the bandwidth of the control resource set whenever possible, as depicted in FIG.2. It was agreed that time-first-frequency-second mapping is used for sREGs to sCCE mapping. Accordingly, the sCCE number n should correspond to SREGs that are numbered [image: image4.png]NZSCE-n 4



 for both localized and distributed mapping, where [image: image6.png]0,1,.., NSEE -1




.  
Proposal 5: 

· The SCCE number [image: image8.png]


for the transmission of sPDCCH corresponds to SREGs numbered [image: image10.png]SCCE .+
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Figure 2: sPDCCH monitoring candidate for AL=1 in case of distributed transmission  
Search space definition 

The search space for the transmission of sPDCCH can be defined using an equation as in following proposal to achieve a nested structure. 

Proposal 6: 
· The search space candidate m for different ALs within a DMRS-based control resource set k for distributed transmission is given by the following equation 


[image: image14.wmf]ú

û

ú

ê

ë

ê

+

ú

û

ú

ê

ë

ê

÷

÷

ø

ö

ç

ç

è

æ

ú

û

ú

ê

ë

ê

×

×

+

L

N

i

L

N

M

L

N

m

Y

SCCE

SCCE

L

SCCE

k

mod


where 
[image: image15.wmf],

1

,...,

1

,

0

,

1

,...,

0

-

=

-

=

L

M

m

L

i

 
[image: image16.wmf]L

M

is the number of sPDCCH candidates to monitor at aggregion level 
[image: image17.wmf]L

 in an sPDCCH control resource set k and 
[image: image18.wmf]k

Y

 is an offset value configured by higher layers on a per control resource set basis.
3. Conclusions
In this contribution, we discuss several design aspects of the sPDCCH search space. Based on the discussion, we make the following proposals:
Proposal 1: 

· DMRS-based sPDCCH can be configured for sTTIs in both non-MBSFN and MBSFN subframes. 
· Separate resource sets can be configured for DMRS-based sPDCCH transmissions in non-MBSFN subframes and MBSFN subfame(s).
Proposal 2: 

· The number of sPDCCH candidiates per AL and per sTTI is semi-statically configured by RRC signaling as part of the sPDCCH resource set configuration.   
· Introduce UE capability signaling regarding the decoding capability per 1ms subframe, including both PDCCH and sPDCCH.   
Proposal 3: 

· One sCCE maps to a predefined set of sREGs in a control resource set configured to the UE by applying coding chain rate-matching operation around the CRS/CSI-RS/PBCH/PSS/SSS if present. 

Proposal 4: 

· For an N-PRB DMRS-based sPDCCH control resource set configured for localized transmission with L sREGs per sCCE, the localized 
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Proposal 5: 

· The SCCE number [image: image22.png]
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Proposal 6: 

· The search space candidate m for different ALs within a DMRS-based control resource set k for distributed transmission is given by the following equation 
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