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1 Introduction
In RAN#67, the SI of latency reduction was approved[1], which aims to study enhancements to the E-UTRAN radio system in order to: 
· Significantly reduce the packet data latency over the LTE Uu air interface for an active UE.
· Significantly reduce the packet data transport round trip latency for UEs that have been inactive for a longer period (in connected state).
TTI shortening and reduced processing times should be studied in RAN1, including the following aspects:
· Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signaling.

· backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier).
This contribution discusses the downlink control channels for short TTI, namely SPDCCH and SPHICH.
2 Scheduling with short TTIs
To fully ensure backward compatibility, it is assumed in this contribution that the PDSCH in short TTI scheduling and PDSCH in legacy TTI scheduling are frequency multiplexed in the legacy PDSCH region per subframe.

There could be three options in DCI resource allocation for scheduling in short TTI.
· Option 1: The scheduling for short-TTI PDSCH is carried by the DCI in legacy PDCCH region. This can results in higher resource efficiency and better backward compatibility, but with an obvious disadvantage that the scheduling latency for the PDSCH not in the first TTI per subframe cannot reach the maximum potentials of latency reduction provided by TTI shortening. 
· Option 2: The scheduling for short-TTI PDSCH is carried by the DCI in new SPDCCH region, where SPDCCH is the physical downlink control channel for short TTI and each SPDCCH region occupies the resources only in one short TTI. If every short TTI available to PDSCH has SPDCCH region, scheduling delay can be maintained as minimum without cross-TTI scheduling. But in the first short TTI that is available to PDSCH per subframe, if both legacy PDCCH region and SPDCCH region occur, resource overhead could be high.
· Option 3: The DCI to schedule the short-TTI PDSCH can be in either new SPDCCH region or legacy PDCCH region, depending on which TTI the scheduled PDSCH falls into. If the scheduled PDSCH falls inside the first short TTI that is available to PDSCH in the subframe, the scheduling DCI can be inside legacy PDCCH region; otherwise, scheduling DCI is carried by the new SPDCCH region sharing the same short TTI with the scheduled PDSCH. As shown in Figure 1(a) for 0.5ms TTI and Figure 1(b) for 4 or 3-symbol TTI, PDSCH in the first TTI of a subframe is scheduled by DCI in legacy PDCCH region, while PDSCH in the other TTIs of a subframe is scheduled by DCI in SPDCCH. In case the TTI length is less than 3 symbol, the first one TTI or even the first several TTIs are fully occupied by legacy PDCCH and not available to PDSCH. For the scheduled PDSCH in the first short TTI that is available to PDSCH allocation, its scheduling DCI can be either in legacy PDCCH region to maintain resource efficiency or in new SPDCCH region in the same short TTI to achieve the smallest scheduling latency. The choice to maintain resource efficiency is better in our view. For the scheduled PDSCH in the other short TTIs that are available to PDSCH allocation, its scheduling DCI is in new SPDCCH region of the same short TTI to minimize scheduling delay. Compared to option 2, option 3 has almost the same scheduling delay but with the better resource efficiency in the first TTI available to PDSCH per subframe.
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(a) 0.5ms TTI                                             (b) 4 or 3-symbols TTI
Figure 1 Scheduling in short TTIs
Observation 1: Cross-TTI scheduling may not be able to achieve the maximum potentials of latency reduction provided by TTI shortening.
Observation 2: From viewpoints of both resource utilization efficiency and scheduling latency, it is beneficial to have the scheduling DCI carried in legacy PDCCH region if the scheduled PDSCH falls inside the first short TTI that is available to PDSCH in the subframe and, if otherwise, to have the scheduling DCI carried in the new SPDCCH region sharing the same short TTI with the scheduled PDSCH.  
Proposal 1：Both legacy PDCCH and SPDCCH can be used to schedule PDSCH in the short TTI. At least legacy PDCCH region can be used to carry DCI that schedules PDSCH in the short TTIs containing the legacy PDCCH region.
3 SPDCCH design consideration
Multiplexing between SPDCCH and PDSCH in short TTI
Two options for multiplexing between SPDCCH and PDSCH can be obvious:

· SPDCCH region and PDSCH region in the short TTI are time-division multiplexed. For example, in a short TTI without legacy PDCCH, the first OFDM symbol is SPDCCH region and the other OFDM symbols are used for PDSCH. In such TDM scheme, the principle of legacy PDCCH structure including the concepts of REG/CCE can be reused for SPDCCH.
· SPDCCH region and PDSCH region in the short TTI are frequency-division multiplexed. In such FDM scheme, the design principle for EPDCCH including concepts of EREG/ECCE may be reused. 
TDM scheme has the advantage of earlier DCI detection compared to FDM scheme. However, if short TTI contains fewer OFDM symbols, there is no significant difference on processing latency between the two schemes. On the other hand, FDM scheme could be more flexible in the tuning of SPDCCH overhead, given the fact that EPDCCH-alike scheme is more eNB-configurable while the overhead granularity in TDM can be larger than FDM scheme. The larger overhead can increase the transmission delay due to less resource available to PDSCH.
Proposal 2：Both processing latency and resource overhead should be taken into account for multiplexing between SPDCCH and PDSCH in short TTI.
Multiplexing inside SPDCCH region
In SPDCCH region, multiple SPDCCHs can be multiplexed based on CCE/ECCE. The blind detection is then needed at the receiver. Another alternative is that the SPDCCH region is only for one UE and different UEs use different SPDCCH regions in a short TTI. In the second alternative, blind detection is not needed and processing delay can be reduced. However, more resources for non-shared SPDCCH need to be predefined and result in low throughput for short TTI, which in turn neutralizes the processing time reduction due to blind detection removal. Therefore, multiple SPDCCHs should be supported to be multiplexed in a single SPDCCH region.
Proposal 3：Multiple SPDCCHs multiplexed in a single SPDCCH region should be supported.
Blind detection in SPDCCH
Blind detection mechanism for SPDCCH in short TTI is expected similar to legacy PDCCH blind detection in a subframe. If maximum number of blind detection per short TTI is the roughly the same across different TTIs, blind detection complexity would linearly increase with number of short TTIs in a subframe. So reduction of maximum number of blind detection in a short TTI should be considered in order to limit the increase of processing delay caused by blind detection. Consequently, the number of candidates and aggregation levels in search space should be reduced according to length of short TTI. 
Proposal 4: Reduction of maximum number of candidates and aggregation levels in search space of SPDCCH in short TTI should be considered. 
4 Discussion on requirement of SPHICH
In general, UL HARQ should be supported regardless whether dedicated ACK/NACK channel is introduced or not. As an example in Rel-13 eMTC, the ACK/NACK feedback for UL HARQ can be carried by downlink control channel with HARQ process number introduced in UL grant, so no new PHICH channel is introduced. But for short TTI, latency reduction is the main design target and synchronous HARQ should be support. The similar mechanism to Rel-13 eMTC that relies on UL grant to carry ACK/NACK information would require more SPDCCH resources. This would increase the chance of SPDCCH blocking because the total SPDCCH resource is limited. No matter whether the blocked SPDCCH carriers the DL/UL grant only or the ACK/NACK information for UL HARQ, the additional transmission delay can occur. 
On the other hand, if SPHICH is introduced, synchronous HARQ can be supported with fewer consumed resources. The transmission latency can be reduced more effectively compared to not using SPHICH. So SPHICH should be introduced for short TTI.
Proposal 5：SPHICH should be introduced for short TTI in order to support synchronous UL HARQ.
5 Conclusion

According to the analysis given above, we have the following observations and proposals:
Observation 1: Cross-TTI scheduling may not be able to achieve the maximum potentials of latency reduction provided by TTI shortening.

Observation 2: From viewpoints of both resource utilization efficiency and scheduling latency, it is beneficial to have the scheduling DCI carried in legacy PDCCH region if the scheduled PDSCH falls inside the first short TTI that is available to PDSCH in the subframe and, if otherwise, to have the scheduling DCI carried in the new SPDCCH region sharing the same short TTI with the scheduled PDSCH.    

Proposal 1：Both legacy PDCCH and SPDCCH can be used to schedule PDSCH in the short TTI. At least legacy PDCCH region can be used to carry DCI that schedules PDSCH in the short TTIs containing the legacy PDCCH region.

Proposal 2：Both processing latency and resource overhead should be taken into account for multiplexing between SPDCCH and PDSCH in short TTI.
Proposal 3：Multiple SPDCCHs multiplexed in a single SPDCCH region should be supported.

Proposal 4: Reduction of maximum number of candidates and aggregation levels in search space of SPDCCH in short TTI should be considered. 

Proposal 5：SPHICH should be introduced for short TTI in order to support synchronous UL HARQ.
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