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1 Introduction

In RAN#67, the study item on latency reduction was approved [1] with having the objective as
· 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).  

RAN2 has discussed L2 aspects in order to reduce the latency with evaluation results [2]. The following areas are to be studied in RAN1 in this SI:
· 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).

In this contribution, we discuss the specification issues, especially for downlink, to support shorter TTI length than 1 ms for latency reduction. 
2 Downlink issues for TTI shortening
TTI length for DL and UL 

Various values of OFDM/SC-FDMA symbols may be available for shorter-TTI length, e.g., 1, 2 or 7 symbols. If the TTI length for UL is not the same as that for DL, the systems could become much more complex due to HARQ ACK/NACK timing. Therefore, it is more natural that we basically assume the same length of TTI for DL and UL. 
Observation 1: If the TTI length for UL is not the same as that for DL, the systems could become much more complex due to HARQ ACK/NACK timing.
Proposal 1: DL and UL have the same TTI length.

Multiplexing of normal-TTI and shorter-TTI transmission

As SID states, RAN1 should consider the coexistence between pre-Rel 13 UEs having normal-TTI length, i.e., 1 ms, and shorter-TTI UEs having TTI length less than 1 ms, e.g., 1, 2, 7 OFDM symbols. Therefore, we need to investigate how to make normal-TTI UEs and shorter-TTI UEs co-exist together on the same carrier. From the system perspective, two methods can be mainly considered for multiplexing of resources for normal-TTI and shorter-TTI UEs. The first one is a TDM manner and another is an FDM manner and the example of each method is shown in Figure 1. 
In the TDM method, a group of subframes is used by normal-TTI UEs and the other group of subframes is used by shorter-TTI UEs. For example, in Figure 1-(a), ‘subframe n’ is for shorter-TTI UEs while ‘subframe n+1’ is for normal-TTI UEs. The TDM configuration can be indicated to shorter-TTI UEs in advance, e.g., by RRC signaling. However, this TDM may restrict the scheduling of shorter-TTI UEs and the shorter-TTI UEs may have to wait for their scheduled subframes. Therefore, a TDM manner may not fully benefit from the utilization of shorter TTI transmission in that latency could increase due to waiting time. 
On the other hand, the FDM method enables an eNB to transmit signals to both normal-TTI and shorter-TTI UEs at the same time as shown in Figure 1-(b). In the FDM method, except the legacy PDCCH region, the PRBs allocated to the shorter-TTI UEs and the PRBs allocated to the normal-TTI UEs are partitioned. In partitioning the PRBs into two groups of normal TTI and shorter TTI, each group may have either localized or distributed PRBs. For example, the shorter-TTI UEs would be indicated which localized or distributed PRBs are used for shorter-TTI transmission. In the allocated PRBs for the shorter-TTI UEs, there are no other legacy signals except legacy PDCCH and CRS. 
Observation 2: A TDM manner weakens the advantage of shorter TTI transmission.

Proposal 2: An FDM manner is preferred for multiplexing of normal-TTI and shorter-TTI UEs. 
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Figure 1: Examples of multiplexing between normal-TTI and shorter-TTI UEs for (a) TDM and (b) FDM
Scheduling of normal and shorter TTI


Even the shorter-TTI capable UE should support the legacy TTI at least for camping on the legacy eNB. The eNB has to schedule data to the shorter-TTI UEs by either normal TTI or shorter TTI. It means that, there are two mode of TTI for a shorter-TTI UE: normal-TTI mode and shorter-TTI mode. Then the shorter-TTI UEs has to know which length of TTI would be used for the reception of the data. Potentially at least two options can be considered to indicate the TTI length information to shorter-TTI UEs as shown in Figure 2. 

[image: image2]
Figure 2: Two options to indicate whether the next data is on a normal TTI or a shorter TTI

In Option 1, i.e., semi-static indication, the shorter-TTI UE gets information of the TTI length by RRC signaling from the eNB. If shorter TTI is configured, the UE tries to receive and decode control and data channels designed for shorter TTI. Otherwise, it just performs the legacy data transmission and reception procedure with normal TTI.

In Option 2, i.e., dynamic indication, a shorter-TTI UE gets information of the TTI length by L1 signaling such as (E)PDCCH or new PDCCH that could be introduced for shorter-TTI UEs. In this option, L1 signaling can provide the information of the TTI length explicitly or implicitly. For example, the shorter-TTI UE tries PDCCH blind decoding in the legacy PDCCH region which is the first one to three OFDM symbols in each subframe. Once it detects a DCI format that is newly designed for shorter-TTI transmission, it would decode PDSCH in the resources of the TTI period that the DCI indicates. In the other example, the shorter-TTI UE may know the specific PRB positions that include EPDCCH for shorter-TTI transmission configured by eNB. Then, the UE decides that the EPDCCH inside the configured PRBs is for shorter-TTI transmission while it decides that the EPDCCH outside the configured PRBs is for normal-TTI transmission.
Observation 3: Two options can be considered for indicating the TTI length to shorter-TTI UEs: semi-static indication and dynamic indication.
Type of control signaling for shorter-TTI scheduling


Depending on multiplexing methods between control and data, we can categorize the control signaling into two types: PDCCH type and EPDCCH type. 

[image: image3]
Figure 3: Examples of DL control signaling for shorter-TTI UEs 

Figure 3 shows some examples of PDCCH-type and EPDCCH-type control signals for shorter-TTI UEs, which  is assumed to use the TTI of one slot, i.e., 0.5 ms. In case of EPDCCH-type control signals, the shorter-TTI UEs have to wait until the end of each TTI in order to try decoding the EDCCH-type control signals. On the other hand, the PDCCH-type control signals make the shorter-TTI UEs possible to start decoding before the end of each TTI. PDCCH-type enables shorter-TTI UEs use less waiting time until the control signal is received than EPDCCH-type. However, PDCCH-type may not be used for small size of TTI, e.g. 1 or 2 symbol lengths.
Proposal 3: Physical control channels for shorter-TTI UEs need to be newly designed.
Observation 4: PDCCH-type control signaling enables shorter-TTI UE have more processing time compared to EPDCCH-type one.  
Observation 5: PDCCH-type may not be used for small size of TTI, e.g. 1 or 2 symbol length.
Reference signal design for shorter-TTI transmission


CRS is now always transmitted in the entire system bandwidth so that shorter-TTI UEs also can utilize CRS for data demodulation and channel estimation. Additionally, depending on transmission mode, DMRS can be used for data demodulation and channel estimation. Depending on the TTI length that is newly introduced, the legacy RS’s may or may not be reused. For example, a slot-TTI UE may use legacy CRS while a one-symbol-TTI UE may not use legacy CRS because there exist OFDM symbols that do not have legacy CRS. Therefore, RAN1 needs to discuss for shorter-TTI UEs whether CRS or DMRS can be reused and whether new RS’s are needed and if so, how to design new RS’s. Since RS design affects channel estimation and demodulation performance, simulation results should be accompanied with the discussion of new RS design for shorter-TTI UEs.
Proposal 4: RAN1 needs to discuss RS design for shorter-TTI UEs.
HARQ ACK/NACK feedback timing


The specifications in RAN1 now describe HARQ ACK/NACK feedback timing based on normal TTI having 1 ms duration. For example, the timing about the HARQ ACK/NACK feedback corresponding to PDSCH transmission is stated as “For FDD or for FDD-TDD and primary cell frame structure type 1, the UE shall upon detection of a PDSCH transmission in subframe n-4 intended for the UE and for which an HARQ-ACK shall be provided, transmit the HARQ-ACK response in subframe n.” in [3]. In this part of specification, the PDSCH transmission and HARQ ACK/NACK feedback are described in the unit of subframe. For example, if one-slot-TTI is considered, , the length of shorter TTI needs to replace these timing, e.g., ‘slot n-4’ and ‘slot n’ can just replace ‘subframe n-4’ and ‘subframe n’ in the above statement. In addition to FDD, RAN1 also needs to discuss HARQ ACK/NACK feedback timing in TDD. The timing in TDD is now defined with downlink association set index in [3] according to the TDD UL/DL configuration and the subframe number n. For shorter-TTI UEs, similar association set index to indicate HARQ ACK/NACK feedback timing needs to be newly introduced with a unit of shorter TTI, e.g., a slot or one OFDM/SC-FDMA symbol.

In the above discussion, it is assumed that the UE processing time could be reduced proportionally to TTI length. However, we may need more discussions on the assumption on the UE processing time for the reduced TTI length since some portion of UE processing time would not change even if TTI is shortened, e.g., propagation delay, especially in a large cell. If RAN1 decides that the UE processing time cannot be reduced proportionally to TTI lengths, “n-4” can be changed to for example, “n-5” or “n-6”.
Proposal 5: Processing time should be considered in the discussion of HARQ ACK/NACK timing for shorter-TTI UEs.
3 Conclusions
In this contribution, we discussed the specification impacts in DL for shorter-TTI UEs, where our proposals and observations can be summarized as below.

Observation 1: If the TTI length for UL is not the same as that for DL, the systems could become much more complex due to HARQ ACK/NACK timing.
Observation 2: A TDM manner weakens the advantage of shorter TTI transmission.
Observation 3: Two options can be considered for indicating the TTI length to shorter-TTI UEs: semi-static indication and dynamic indication.
Observation 4: PDCCH-type control signaling enables shorter-TTI UE have more processing time compared to EPDCCH-type one.
Observation 5: PDCCH-type may not be used for small size of TTI, e.g. 1 or 2 symbol length.
Proposal 1: DL and UL have the same length of TTI.
Proposal 2: An FDM manner is preferred for multiplexing of normal-TTI and shorter-TTI UEs.
Proposal 3: Physical control channels for shorter-TTI UEs need to be newly designed.
Proposal 4: RAN1 needs to discuss RS design for shorter-TTI UEs.
Proposal 5: Processing time should be considered in the discussion of HARQ ACK/NACK timing for shorter-TTI UEs.
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