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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 sPDCCH design.
2 Discussions 

The main issues for resource mapping of sPDCCH are as below.

· Issue 1: How to map CRS-based sPDCCH in time and frequency

RAN1 already had the agreement that sPDCCH is transmitted from the first OFDM symbol within an sTTI. Only one symbol could be not enough to send an sPDCCH with small frequency resource. So, it would be better that the eNB can configure the number of symbols used for sPDCCH in each sTTI.

Proposal 1: An eNB configures the number of symbols used for CRS-based sPDCCH in each sTTI
· Issue 2: How to map DMRS-based sPDCCH in time and frequency

If large frequency bandwidth is used for DMRS-based sPDCCH, the more REs would be needed for DMRS. Therefore, to reduce the DMRS overhead, it would be better that DMRS-based sPDCCH uses all OFDM symbols in an sTTI with small frequency bandwidth. In other words, DMRS-based sPDCCH is FDMed with sPDSCH similar to EPDCCH. Also, which frequency band is used for DMRS-based sPDCCH can be informed by eNB similar to CRS-based sPDCCH. 

Proposal 2: A DMRS-based sPDCCH is mapped in all OFDM symbols and a part of frequency bandwidth of an sTTI.
Proposal 3: Frequency resource for DMRS-based sPDCCH is informed by eNB.
· Issue 3: How to indicate sPDCCH band

RAN1 already had the agreement that frequency resource for CRS-based sPDCCH can be informed by eNB. Let the frequency resource that can be used for sPDCCH(s) be called the sPDCCH band. With this definition, each sPDCCH is mapped within the sPDCCH band. Also, the sPDCCH band may be larger than or equal to the frequency resources mapping one sPDCCH. The remaining issue is whether sPDCCH band is indicated by cell-specific, group-specific, or UE-specific manner.  

Proposal 4: Consider how to indicate sPDCCH band among cell-specific, group-specific, and UE-specific manners. 
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2.1 Design of sPDCCH for 2 symbol TTI

Discussion on CRS-based / DMRS-based sPDCCH for 2-symbol sTTI 


For CRS-based sPDCCH, as shown in Figure 2-(a), it shows the first one OFDM symbol is used for sPDCCH. In terms of the amount of resources allocated for sPDCCH, it is necessary that the number of OFDM symbol could be configured by L1 or RRC signalling. If sPDCCH is allocated in the first one OFDM symbol of sTTI and the allocated bandwidth of sPDCCH is very small, it might be insufficient for eNB to utilize the resource of sPDCCH. Besides, different processing times of DMRS-based sPDCCH and CRS-based sPDCCH might increase the complexity of HARQ feedback timing in 2-symbol sTTI when CRS-based sPDCCH only uses the first one OFDM symbol. 

When DMRS-based sPDCCH is applied, as shown in Figure 2-(b), sPDCCH should use entire 2-symbol sTTI with limited frequency bandwidth to reduce DMRS overhead. In similar with ePDCCH, DMRS-based sPDCCH would be FDMed with PDSCH. 
Discussion on sPDCCH in case of odd PDCCH OFDM symbol length 


According to the explanation of sTTI operation in Figure 1, there is a sTTI having only one OFDM symbol when the length of PDCCH is 1 or 3. For example, when 2-symbol sTTI operates independent of the length of PDCCH, the first sTTI only uses one 1-symbol (i.e., the second symbol of the first sTTI) if the length of PDCCH is 1. When 2-symbol sTTI operates independent of the length of PDCCH, the second sTTI only uses one 1-symbol (i.e., the second symbol of the second sTTI) if the length of PDCCH is 3. From the point of view, the sTTI having one OFDM symbol should have the sPDCCH which is mapped within legacy PDCCH to maximize the utilization of sPDSCH/sPUSCH for the sTTI. In addition of odd PDCCH OFDM symbol length, when OFDM symbol used for PDCCH is even such as 2 or 4, sPDCCH also should be mapped within legacy PDCCH to maximize the utilization of sPDSCH/sPUSCH for the sTTI. In summary, the sPDCCH for the first valid sTTI is mapped in the legacy PDCCH region for all cases.
Proposal 5: The sPDCCH for the first valid sTTI is mapped in the legacy PDCCH region for all cases.
2.2 Design of sPDCCH for slot TTI

Discussion on CRS-based sPDCCH for slot TTI

In the first slot, CRS-based sPDCCH can be mapped in the legacy PDCCH region. This also enables to reduce the processing time of the sPDCCH decoding. In terms of processing time, it could be considered that an sTTI UE does not need to wait for the end of the sTTI to decode the sPDCCH when sPDCCH is allocated in the first OFDM symbols of sTTI. In similar way, sPDCCH of the second slot should also be within initial few OFDM symbols of the second slot. Herein, strictly speaking, as shown in Figure 1, sPDCCH of the second slot is not transmitted in the entire system bandwidth, but instead it is transmitted in the pre-configured PRBs and OFDM symbols. To inform PRBs and OFDM symbol information for sPDCCH of the second slot, it could be configured by using RRC signalling (for semi-static method) or L1 signalling (for dynamic method). Regarding the mapping method, the legacy PDCCH mapping method can be re-used as much as possible. Figure 1 shows CRS based sPDCCH of the first slot and the second slot within a subframe. As shown in Figure 1, sPDCCH of the first slot should be TDMed, and whereas sPDCCH of the second slot should be TDMed and FDMed. 

Proposal 6: CRS-based sPDCCH for slot TTI in the first slot should be mapped in the legacy PDCCH region. 
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Figure 1: CRS based sPDCCH 

Discussion on DMRS-based sPDCCH for slot TTI

To reduce DMRS overhead, DMRS-based sPDCCH is better to be FDMed with sPDSCH. Also, there are two kinds of configurations which would be applied for sPDCCH. The first case is that the same frequency for sPDCCH is applied in two slots as shown in Figure 2-(a). The second case is that different frequencies for sPDCCH are applied in each slot as shown in Figure 2-(b). Herein, the first case is considered as sPDCCH with same frequency and the second case is considered as sPDCCH with different frequency. In terms of overhead for configuration, sPDCCH with different frequency would require more overhead compared with sPDCCH with same frequency. This is because PRB information of the sPDCCH is required for both the first slot and the second slot. On the other hand, there is not much benefit to use sPDCCH with different frequency compared with sPDCCH with same frequency. Accordingly, DMRS-based sPDCCH with same frequency should be supported in 1-slot TTI operation if there is no benefit to utilize sPDCCH with different frequency rather than same frequency. 
 
[image: image3.emf]PDCCH 

sPDCCH 

Subframe

Downlink system bandwidth

sTTI for slot TTI

Subframe

Downlink system bandwidth

sTTI for slot TTI

(a) sPDCCH with same frequency (b) sPDCCH with different frequency


Figure 2: DMRS based sPDCCH 

3 Conclusions
In this contribution, the design aspects of sPDCCH are discussed. It can be summarized as below. 
Proposal 1: An eNB configures the number of symbols used for CRS-based sPDCCH in each sTTI
Proposal 2: A DMRS-based sPDCCH is mapped in all OFDM symbols and a part of frequency bandwidth of an sTTI.
Proposal 3: Frequency resource for DMRS-based sPDCCH is informed by eNB.
Proposal 4: Consider how to indicate sPDCCH band among cell-specific, group-specific, and UE-specific manners.
Proposal 5: The sPDCCH for the first valid sTTI is mapped in the legacy PDCCH region for all cases.
Proposal 6: CRS-based sPDCCH for slot TTI in the first slot should be mapped in the legacy PDCCH region.
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