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1 Introduction

In the RAN1#90 meeting, sPDCCH was discussed and the following agreements were achieved
· Support aggregation level L∈{1,2,4,8} for sPDCCH search space.

· 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.
· 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.
· The maximum allowable blind decodes per sTTI on one CC, irrespective if the sDCI is in sPDCCH or PDCCH, for 2/3os sTTI is 6.
· The maximum allowable blind decodes per sTTI on one CC, irrespective if the sDCI is in sPDCCH or PDCCH, for 1-slot is 12.
· Support different number of sPDCCH candidates per aggregation level to be monitored for different sTTI index. FFS configured per sub-set of the sTTI in a subframe, over different subframe types, or different RS overhead, details on configuration.
· Whether the UE-specific search spaces for different UEs overlap is up to configuration.
· For sDCI monitoring in legacy PDCCH, the hashing function for PDCCH is used by using M_sDCI^(L) instead of M_L. Value of M_sDCI^(L) is FFS.
· The number of PDCCH candidate(s) M_sDCI^((L)) at aggregation level L for monitoring sDCI1 in legacy PDCCH region is determined by higher layer signalling, independent on the number of M_L at aggregation level L for monitoring DCI.
The contribution discusses search space design, including search space for sDCI in both legacy PDCCH region and sPDCCH region, and search space for DCI in legacy PDCCH region. 
2 sPDCCH search space for sDCI
The set of sPDCCH candidates to monitor are defined in terms of sPDCCH search spaces, where each sPDCCH candidate is aggregated by several sCCEs located in an sPDCCH RB set. 
2.1 Search space definition

Nested search space structure and random search space structure (similar to PDCCH) are two types of search space. Nested search space could provide the possibility to reuse the channel estimation results among different aggregation levels for DMRS based sPDCCH, and may also be easier for unused sPDCCH resource indication, e.g. may just indicate the last used sCCE. However, the blocking probability may be high since an sPDCCH for one UE at a high aggregation level may block sPDCCH candidates at a low aggregation level for another UE. Random search space could provide lower blocking probability compared to nested search space and reuses similar scheme as that for PDCCH. Considering pros and cons, both search space structures can be supported and it is up to eNB to configure any of them through indicating starting sCCE position for each aggregation level.
Proposal 1: The starting sCCE of a search space at a given aggregation level is explicitly configured by RRC signaling.

The sCCEs corresponding to sPDCCH candidate m of the sPDCCH search space at aggregation level L can be determined according to the following two options:

· Option 1(PDCCH-like): The sCCEs corresponding to sPDCCH candidate[image: image2.png]


 of the sPDCCH search space at aggregation level L are given by
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  is the number of sPDCCH candidates to monitor at aggregation level L in sTTI k.
· Option 2 (EPDCCH-like): The sCCEs corresponding to sPDCCH candidate[image: image14.png]


 of the sPDCCH search space at aggregation level[image: image16.png]
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 is the number of sPDCCH candidates to monitor at aggregation level L in sTTI k. 
From our view, there is no strong motivation to enable non-contiguous CCEs among different sPDCCH candidates at a given aggregation level for sTTI. For localized EPDCCH, 4 CCEs with contiguous CCE number can be included in a PRB, so frequency selective scheduling gain cannot be fully achieved if six candidates of  AL=1 are only mapped to the first two PRB pairs. However, for localized sPDCCH, an sCCE will be mapped to four PRBs within 1-symbol RB set and two PRBs within 2-symbol RB set. Therefore, frequency selective scheduling can be guaranteed through different sPDCCH candidate. Furthermore, an sPDCCH RB set can be configured on non-contiguous RBs, so several sPDCCH candidates can be distributed on different RBs, an example is shown in Figure 1.
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Figure 1. sPDCCH Search space
In addition, if contiguous CCEs is applied among different sPDCCH candidates at a given aggregation level for sTTI, via setting the starting sCCE index (as discussed in Q1), it is easier to configure nested search spaces which is better for reusing the channel estimation results among different aggregation levels for DMRS based sPDCCH.
Proposal 2: The sCCEs corresponding to sPDCCH candidate m of the search space [image: image26.wmf])
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2.2 Additional configurable parameters for search spaces

A UE can be configured with one or two sPDCCH RB set(s) containing the sTTI USS in an sTTI. According to the agreement in the RAN1#90 meeting, the number of sPDCCH candidates and sPDCCH aggregation level can be configured for each sPDCCH RB set. Furthermore, the following parameters can be considered to match the actual situation flexibly.
· Number of configured sPDCCH search spaces
Within an sPDCCH RB set, the number of configured sPDCCH search spaces can be indicated. If a UE is configured with none of search space within an sPDCCH RB set, the UE does not need to monitor sPDCCHs within the sPDCCH RB set. The reason of configuring zero is discussed in [1]. None of search space can be indicated by setting zero sPDCCH candidate for all supported ALs. If a UE is configured with one or several search spaces within an sPDCCH RB set, the number of sPDCCH candidates and aggregation level for each search space can be further configured as discussed above.

Proposal 3: For an sPDCCH RB set, none of search space can be configured. 
· Monitored sDCI format(s)
Within an sPDCCH search space, monitored sDCI format(s) can be configured. For example, three cases can be configured:

· Case 1: only sDCI format scheduling sPDSCH is monitored

· Case 2: only sDCI format scheduling sPUSCH is monitored

· Case 3: sDCI formats scheduling both sPUSCH and sPDSCH are monitored

As discussed in [2], decoupling the DL processing timeline from the UL processing timeline at the UE is desirable to speed sPDSCH processing. Therefore, when there are many sPDCCH candidate to be detected, two search spaces can be configured with case 1 and case 2 separately, which provides the possibility to fasten DL assignment detection. For example, in one sPDCCH RB set, two search spaces are configured, wherein one search space only for sPDSCH scheduling is with AL=1 and 4 sPDCCH candidates and another search space only for sPUSCH scheduling is with AL=2 and 2 sPDCCH candidates. Another example is two search spaces are configured in two sPDCCH RB sets, wherein one search space only for sPDSCH scheduling is with AL=1 and 3 sPDCCH candidates and another search space only for sPUSCH scheduling is with AL=1 and 3 sPDCCH candidates. Otherwise, when there are few sPDCCH candidates to be detected, eNB can configure case 3.
Proposal 4: For a search space of an sPDCCH RB set, the monitored sDCI format(s) can be configured.
2.3 Issue on processing time
Since sPDCCH blind decoding impacts processing time, the maximum number of sPDCCH candidates should be limited for each aggregation level.
In addition, it is possible that the processing time for DMRS based sPDCCH is longer than CRS based sPDCCH since CDM-T based DMRS pattern is used for DMRS based sPDCCH demodulation, then UE cannot start to decode sPDCCH until receiving all the DMRS symbols. One possible way to achieve similar processing time for CRS based sPDCCH and DMRS based sPDCCH is to set less blind decodes for DMRS based sPDCCH if possible. Another possible way is allowing DMRS based sPDCCH with longer processing time or smaller TA.
3 PDCCH search space for sDCI in sTTI 0 
In the RAN1#90 meeting, it was agreed that for sDCI monitoring in legacy PDCCH, the hashing function for PDCCH is used by using M_sDCI^(L) instead of M_L. And it was also agreed that the maximum allowable blind decodes per sTTI on one CC, irrespective if the sDCI is in sPDCCH or PDCCH, for 2/3os sTTI is 6.  
To reduce processing time effectively, current PDCCH search space should be shrunk largely for sDCI, which means the value of M_sDCI^(L) should be no more than the value of M_L predefined for 1ms DCI. The number of PDCCH candidates can be configured by eNB adaptively. Note that to reduce the PDCCH blocking for short TTI, PDCCH for sDCI should be scheduled with higher prioritization. In addition, separate detection of sDCI and 1ms DCI can be performed, which can avoid impact on the performance for 1ms DCI. For example, UE can monitor sDCI using the CRS transmitted in the first one or first two symbols in legacy PDCCH region for lower latency, while UE can monitor 1ms DCI using the CRS transmitted in the fifth symbol besides the first one and two symbols for better performance.  
Proposal 5: For sDCI monitoring in legacy PDCCH, the value of M_sDCI^(L) for sDCI should be no more than the value of M_L predefined for 1ms DCI.
4 Discussion on PDCCH search space for DCI
To reduce sPDCCH processing time, sPDCCH blind decodes (BDs) in each sTTI should be as low as possible. In addition, to avoid additional UE capability requirement, it is better to keep the total maximum number of PDCCH blind decodes (BDs) and sPDCCH BDs in a subframe as low as possible. 
Furthermore, how to reduce PDCCH blind decodes for DCI seems very important. As applied in eCA, the number of PDCCH candidates and aggregation level(s) can be restricted and signaled to UE to reduce blind decodes. 

Proposal 6: Reduction of PDCCH BDs for 1ms TTI can be configured by eNB.
5 Conclusions
The contribution mainly discusses search space design, including search space for sDCI in both legacy PDCCH region and sPDCCH region, and search space for DCI in legacy PDCCH region. Based on the discussion above, the following proposals are given:
Proposal 1: The starting sCCE of a search space at a given aggregation level is explicitly configured by RRC signaling.

Proposal 2: The sCCEs corresponding to sPDCCH candidate m of the search space [image: image30.wmf])
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Proposal 3: For an sPDCCH RB set, none of search space can be configured. 
Proposal 4: For a search space of an sPDCCH RB set, the monitored sDCI format(s) can be configured.

Proposal 5: For sDCI monitoring in legacy PDCCH, the value of M_sDCI^(L) for sDCI should be no more than the value of M_L predefined for 1ms DCI.
Proposal 6: Reduction of PDCCH BDs for 1ms TTI can be configured by eNB.
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