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Discussion and decision
1 Introduction

In RAN#72, the new work item for shortened TTI and processing time for LTE was approved [1]. Regarding the shortened TTI, the updated WID was approved in RAN#73 [2]. The objectives of shortened TTI are as below.

	For Frame structure type 1: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 

· Specify support for a transmission duration based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 

· Down-selection is not precluded

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

For Frame structure type 2: [RAN1, RAN2, RAN4]

· Specify support for a transmission duration based on 1-slot sTTI for sPDSCH/sPDCCH/sPUSCH/sPUCCH

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)


This contribution considers search space design.
2 Discussions 
Regarding PDCCH  and search space, the following agreement was made until RAN1#89.

	Both CRS-based and DMRS-based sPDCCH is supported.

	RAN1 will not pursue CDM-F based DMRS pattern for sPDCCH

	· Legacy PDCCH can be used to transmit sDCI (DCI for sPDSCH and/or sPUSCH)

· QPSK is used for sPDCCH.

· Tail biting convolutional coding is used for sPDCCH.
· For CRS-based sPDCCH, 
· In time domain,
· sPDCCH is transmitted from the first OFDM symbol within an sTTI
· sPDCCH is not mapped to the PDCCH region.
· Frequency resource for sPDCCH can be informed by eNB.

	· One or two RB set(s) is configured by higher layer signaling for sPDCCH frequency resource of a UE

· FFS on the number of RBs per set

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

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

	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

	The number of OFDM symbols per RB set is for

· CRS based sPDCCH 

· for 2/3-symbol sTTI: 1 or 2 (configured by higher layer)

· for 1-slot sTTI: 1 or 2 (FFS: 3) (configured by higher layer)

· DMRS based sPDCCH

· for 2/3-symbol sTTI: 

· 2 for 2-symbol sTTI#1,2,3,4
· FFS: 3 for 3-symbol sTTI#1 and #5
· FFS: sTTI#0
· for 1-slot sTTI: 2

	· SFBC is supported for CRS-based sPDCCH
· FFS number of antenna ports
· Single port DMRS-based sPDCCH demodulation is supported
· FFS bundling size
· FFS if two port DMRS-based sPDCCH demodulation is supported
· FFS bundling size

	· 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)

	· Each short TTI on DL may contain sPDCCH decoding candidates.


In [3], search space of sTTI operation has been extensively discussed over many issues. For our company views, see [3]. In this contribution, we more focus on sCCE to sREG mapping and aggregation level.
Mapping for sCCE to sREG 


It was agreed that CRS-based sPDCCH can occupy 1 or 2 OFDM symbols, where the number of OFDM symbols are configured by higher layer signaling. For 2-symbol sTTI, it is still being discussed that DMRS-based sPDCCH may occupy more OFDM symbols. It would be good to have common structure of mapping of sCCE to sREG between CRS-based and DMRS-based sPDCCH. Therefore, the number of sREGs per sCCE is 6. With this number and time-first mapping of sREGs to map sCCE, sCCEs having different sCCE indices are always FDMed. If different number of sREGs per sCCEs such as 2 or 4 is adopted, there may be the case that sCCEs having different sCCE indices are (partially) TDMed depending on the number of symbols composing sPDCCH region. FDMed cCCE structure may maximize the performance for both CRS-based and DMRS-based sPDCCH. 
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Figure 1: Mapping of sCCE to sREG: 
when sPDCCH RB set has (a) 1 OFDM symbol, (b) 2 OFDM symbols, (c) 3 OFDM symbols

Figure 1 shows the example of mapping of sCCE to sREG according to the number of OFDM symbols. In any case of 1, 2, and 3 OFDM symbols for sPDCCH, sCCEs having different indices are FDMed. Since it was agreed that sPDCCH is transmitted from the first OFDM symbol within an sTTI in RAN1#86, frequency-first mapping of sCCE to sREG cannot be used. Therefore, the proposals for mapping of sCCE to sREG are summarized as below.
Proposal 1: The number of sREGs per sCCE is 6.

Proposal 2: Time-first mapping is used for sCCE to sREG. 
Mapping for sPDCCH to sCCE: Aggregation level

Supported number of aggregation levels affects the number of blind decodings UEs need to perform. Also, the aggregation level will impact DL coverage. For legacy PDCCH, when the aggregation level equals to 1, 2, 4, and 8, the number of available REs becomes 36, 72, 144, and 288, respectively. As the aggregation level gets higher, then the DL coverage of the UE increases due to low code rate of PDCCH. When 6 sREGs are used for an sCCE as proposed above, the number of available REs as the aggregation level can be calculated as below.
Table 1: Available REs for sPDCCH according to the aggregation level

[image: image2.emf]sREGs per sCCE 6 6 6

available RE per sREG 6 8 12

AL # RE # RE # RE

1 36 48 72

2 72 96 144

3 108 144 216

4 144 192 288

5 180 240 360

6 216 288 432

7 252 336 504

8 288 384 576


The available REs per sREG differs from how many REs are used for CRS and DMRS since an sREG consisting of 1 RB within 1 OFDM symbol includes REs for CRS and/or DMRS applied to DMRS based sPDCCH. Among the aggregation levels above, some of aggregation level needs to be supported by considering DL coverage and the number of blind detecodings. One way is to configure the aggregation levels to be monitored by the UE. 
Proposal 3: Determine aggregation levels to be supported by considering code rate/coverage and blind decoding number for sTTI operations.
3 Conclusions
In this contribution, the design aspects of search space are discussed. It can be summarized as below. 
Proposal 1: The number of sREGs per sCCE is 6.
Proposal 2: Time-first mapping is used for sCCE to sREG.
Proposal 3: Determine aggregation levels to be supported by considering code rate/coverage and blind decoding number for sTTI operations.
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