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1 Introduction

During 3GPP RAN#69 it was approved to study TTI shortening and reduced processing time for latency reduction at RAN1#83 with the following guidance [1].
· 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 signalling;
· Backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier).
In this contribution, we share our views on specification impact for TTI shortening and reduced processing time.

2 Specification Impact for TTI Shortening
In the existing LTE/LTE-A, the transmission of a request, grant, or data on radio link is done in subframe chunks with a fixed duration (1 ms), which is defined as a TTI in LTE/LTE-A [3]. So the TTI length will impact the transmission time and transmission granularity over air interface as well as the processing time in transmitters and receivers, and consequently influence the transmission response time, transmission speed and network capacity. According to the evaluation results and the observations during RAN2 discussion for Latency Reduction SI [3], it can be seen that the TTI shortening has the potential to improve these performance metrics significantly, especially for smaller file size.
Some obvious specification impact for TTI shortening includes:

· Physical channel structure

· To support shorter TTI, almost all the physical channels such as PDSCH/PUSCH/EPDCCH/PUCCH would need to changed, because they are currently all defined based on 1-ms duration for transmission. There is a possibility to reuse PDCCH/PCFICH/PHICH design depending on the choice of short TTI values.

· Scheduling and HARQ timing

· To fully achieve the benefit of shorter TTI, the scheduling delay (e.g. for PUSCH) and the HARQ-ACK feedback delay need to be reduced correspondingly.
In the following subsection, we discuss a few issues in more detail.
2.1 Dynamic Scheduling
In the downlink transmission, the dynamic scheduling assignment is indicated by DCI signalling and valid for the same subframe in which they are transmitted. In order to keep the backwards compatibility and meanwhile minimize the specification impact, it is recommended to enhance the DCI signalling for flexible scheduling assignment with shorter TTI or legacy TTI, and continue to use PDCCH/ePDCCH (with necessary enhancements) for DCI transmission. PDCCH may be directly reused without any modification.
In the uplink transmission, the dynamic scheduling assignment is also indicated by DCI signalling as downlink transmission, but the subframe indicated by the grant for dynamic uplink scheduling is not same as the subframe in which the grant is sent. In FDD, the uplink grant received in subframe n corresponds to the uplink transmission in subframe n+4. In TDD, it is valid in the first uplink subframe following subframe n+3 for TDD configuration 1-6 or in the uplink subframes indicated by associated uplink index for TDD configuration 0. So the dynamic scheduling assignment for uplink transmission is more complicated than for downlink transmission, and the processing time at the UE side should be considered for the mechanism design of dynamic uplink scheduling assignment with shorter TTI.
Proposal 1: Enhance the DCI signalling for dynamic scheduling assignment with shorter TTI or legacy TTI in both downlink and uplink. 
Proposal 2: The processing time at the UE side should be considered for the design of dynamic uplink scheduling with shorter TTI. 
2.2 Semi-Persistent Scheduling
In the semi-persistent scheduling, the transmission periodicity is configured by RRC signalling, and the transmission activation/deactivation and scheduling assignment in one subframe are indicated by DCI signalling for overhead reduction in control signalling. The configurable transmission periodicity could be 10ms, 20ms, 32ms, 40ms, 64ms, 80ms, 128ms, 160ms, 320ms or 640ms. So in order to support semi-persistent scheduling with shorter TTI, both transmission periodicity configuration in RRC signalling and the scheduling assignment in DCI signalling should be enhanced. Similar to the existing protocols, dynamic scheduling and semi-persistent scheduling can share same mechanism for scheduling assignment with shorter TTI in one subframe in order to minimize the specification impact.
Proposal 3: Dynamic scheduling and semi-persistent scheduling can share same mechanism for scheduling assignment with shorter TTI in one subframe in order to minimize the specification impact. 

2.3 HARQ and HARQ Retransmission
In the existing solutions in LTE/LTE-A, one transport block (or two transport blocks in the case of high rank transmission) are transmitted over air interface to/from a UE per TTI (with 1ms) and per component carrier, and one HARQ process corresponds to one transport block. The link of HARQ process and HARQ acknowledgement for this transport block is handled by the HARQ timing. The HARQ timing certainly needs to be re-defined taking into account the shorter TTI. In addition, how HARQ timing is defined may also impact whether or what kind of additional enhancement is needed for PUCCH and PHICH. The impact of TTI shortening on HARQ retransmission and HARQ timing also need to be considered.
Proposal 4: The impact on HARQ retransmission and HARQ timing also need to be studied.
Proposal 5: The transport block size tables and associated determination process need to be studied considering shortened TTI. 
2.4 Reference Signals
The enhancements on HARQ and HARQ retransmission for TTI shortening mentioned above have the potential to speed up the link adaptation for MCS adjustment. So it may not be necessary to further enable faster CSI measurement and reporting with the considerations of overhead reduction and specification impact. Therefore enhancement on CRS, CSI-RS and SRS may not be needed in our current understanding. 
Proposal 6: Reuse existing mechanisms for CSI measurement and reporting. Enhancement on CRS, CSI-RS and SRS may not be needed.
The UE-specific reference signals for PDSCH demodulation is sparsely transmitted within the resource blocks assigned for corresponding PDSCH transmission, and consequently are unable to cover all symbols in these resource blocks. Therefore in the cases of shorter TTI, for example 1 symbol per TTI, there might be no available DMRS for PDSCH demodulation in some cases. The density and patterns of DMRS should be studied according to TTI shortening, performance gain and DMRS overhead. In the case of PUSCH transmission, only one symbol per time slot will be used for demodulation reference signal transmission. Therefore there will be no available DMRS for PUSCH demodulation if a TTI is less than 0.5ms. So the enhancement of DMRS in downlink and uplink transmission will eventually depend on the length of preferred shorter TTI.
Observation 1: The enhancement of DMRS in downlink and uplink transmission depends on the length of shorter TTI which would be supported.
3 Conclusions

In this contribution, we analyzed the specification impact should be considered by RAN1 for TTI shortening. In summary, we make the following proposals and observation: 
· Proposal 1: Enhance the DCI signalling for dynamic scheduling assignment with shorter TTI or legacy TTI in both downlink and uplink. 
· Proposal 2: The processing time at the UE side should be considered for the design of dynamic uplink scheduling with shorter TTI. 
· Proposal 3: Dynamic scheduling and semi-persistent scheduling can share same mechanism for scheduling assignment with shorter TTI in one subframe in order to minimize the specification impact. 
· Proposal 4: The impact on HARQ retransmission and HARQ timing also need to be studied.
· Proposal 5: The transport block size tables and associated determination process need to be studied considering shortened TTI. 
· Proposal 6: Reuse existing mechanisms for CSI measurement and reporting. Enhancement on CRS, CSI-RS and SRS may not be needed.
· Observation 1: The enhancement of DMRS in downlink and uplink transmission depends on the length of shorter TTI which would be supported.
4 References
[1] RP-150465, “Study on latency reduction techniques for LTE”, Ericsson, Huawei, 3GPP RAN#67

[2] RP-151630, “Draft report of 3GPP TSG RAN meeting #69”, ETSI MCC
[3] 3GPP TR 36.881, “Study on latency reduction techniques for LTE”
[4] R2-154743, “Email discussion report for [91#29][LTE/Latency] evaluation results”, Ericsson, 3GPP RAN2#91bis

[5] RP-151286, “Status report for SI study on latency reduction techniques for LTE”, Ericsson, RAN#69

