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According to the Latency reduction SID, the following objectives are listed regarding TTI shortening and reduced processing times for RAN1 [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 signaling 
· backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier)
In this paper we provide an overview of various options for TTI shortening and discuss the feasibility and effect of these options. 
Discussion
To reduce user plane latency, the legacy TTI with 1ms can be reduced such that multiple short TTIs can fit within one legacy TTI. For the legacy TTI, it is of interest to consider frame structure 1, 2 and 3. There is a set of design aspects that needs to be considered when the TTI length is reduced. The study item description gives the guidance that TTI lengths from 7 to 1 symbol should be studied. Hence we envision that RAN1 will study all applicable TTI lengths for both UL and DL. For each design proposal, it is also expected that sufficient details need to be given so that it is possible to evaluate the design. A short introduction to them follows here and more details for each point are given later in the paper.
Since the TTI length in general is reduced, it is expected that it is also possible to reduce the processing time for both UL and DL, owing to less data to process in the TTI. This will mainly be visible for the DL by reduced HARQ feedback delay. For UL scheduling the processing time may be reduced and mechanisms to reduce the retransmission latency should also be studied. This reduced feedback may involve new control channels design, e.g. for PUCCH and PHICH. One additional consideration is the impact of the maximum TA on latency.
The scheduling design needs to be adapted to handle shorter latency applications so that it is possible to benefit from the reduced TTI length in practice. The need to adapt the scheduling is applicable for both UL and DL. This may include a new design of (E)PDCCH. 
Design details for PDSCH and PUSCH for a reduced TTI together with the associated reference symbol design should also be studied. In particular the reference symbol design is important to allow for good channel estimation performance and at the same time allow for low overhead.
An important aspect of the SID is that the reduced TTI length should be introduced in a backwards compatible manner. The main target of this is to be able to multiplex UEs of different TTI lengths on the same carrier. It would further be beneficial if such multiplexing could occur within the same subframe.
Proposal:
· Study techniques to reduce the TTI from 7 to 1 symbols for frame structure 1, 2 and 3 considering the following aspects in the design:
· Reduced processing and feedback timing.
· Shared channel design details including reference symbol design.
· Scheduling of reduced TTI lengths for UL and DL.
· Multiple TTI lengths for both data and control in the same subframe and different subframes.
Reduced processing and feedback timing
With reduced TTI length, the amount of data to process before transmission and after reception is also reduced. The required time for Turbo encoding and decoding can be assumed to scale with the TTI length. This can also be assumed to hold for the mapping and de-mapping of REs, and of course the physical transmission/reception time of a TTI.
When operating with shortened TTI it is important for the UE and eNB not only to transmit quickly but also to empty their buffers by receiving acknowledgement for the transmission. The time to feedback will affect average latency since the transmission of the next package may be delayed. Also, when a retransmission is triggered, it is important to keep the additional latency low. It is therefore important to also reduce the HARQ RTT when aiming at reducing latency.
Downlink scheduling is based on asynchronous HARQ hence reduced latency delay will in the end be visible through a reduced HARQ feedback delay. This can be directly utilised by the eNB. The faster feedback can involve the design of a fast control channel in the UL.
Uplink scheduling for frame structure 1 and 2 is based on synchronous HARQ and for frame structure 3 on asynchronous HARQ. To reduce the latency for UL, it is hence necessary for frame structure 1 and 2 to study both processing time reduction of the UL grant and ways to reduce the time required for rescheduling of the UL processes. Processing at the eNB is not only linked to the amount of data, but may still be reduced owing to e.g. a reduced number of scheduled UEs. Hence a flexible processing time for the eNB may be needed depending on the current operation conditions, such as TTI length in the UL. As a means of relaxing the requirements for the fast feedback, a possible solution is to use asynchronous HARQ as for frame structure type 3 for frame structure type 1 and 2 when operating with reduced TTI length. 
Observation:
· For DL operation, the reduced TTI needs to follow with a reduced HARQ timing.
· [bookmark: _GoBack]For UL operation, the reduced TTI needs to follow with a reduced processing time for the UL transmission and flexible way to schedule retransmissions.
To fully utilize the potential of TTI shortening, the maximum TA may need to be reduced. This aspect can be separately studied within the study item independent from specific solutions for TTI reduction
Proposal:
· Study maximum TA reduction independent of TTI reduction techniques.
Shared channel design details
The shared channels for the shortened TTI can be placed within the legacy PDSCH region in the DL, and within the legacy PUSCH region in the UL. The location of the short TTI regions in UL and DL can be signalled to the UE in a grant sent with longer period, e.g. once per subframe.
In order to further reduce the latency due to UE and eNB processing, redesigning the placement of reference signals in DL and UL would be beneficial, since the receiver needs to receive and process the RS before demodulating the received signal. Hence it would be beneficial if the RS used for demodulating are transmitted before the data. Shortening the TTI while keeping the same number of REs used for reference signals leads to increased overhead. This can be mitigated by not transmitting reference signals in every TTI.
Scheduling of reduced TTI
To be able to exploit the potential of a reduced TTI length, the eNB needs the ability to schedule data in DL and UL on a short time scale. If not, the latency may not be reduced below the PDCCH period. It is also important to have the possibility of scheduling more than one TTI to the same UE in one subframe. Hence there is a need to study a modification of the control channel design in DL that would allow for this reduction. On a high level it is possible to base the design on EPDCCH or introduce a new control channel design working on a short TTI timescale.
Observation:
· Modifications to the (E)PDCCH is necessary to take full advantage of the reduced TTI length.
Multiple TTI lengths
As pointed out in the SID, backwards compatibility should be preserved such that UEs operating with different TTI lengths can function together. The largest flexibility is achieved if they are allowed to be scheduled within the same subframe and the eNB is not required to multiplex these UEs in time. A flexible solution is to allow UEs operating with shorter TTI length in DL to be scheduled in a certain subspace of the PDSCH region. The remaining part of the PDSCH region can then be used for example for UEs operating without TTI reduction and also other use cases such as eMTC or NB-IoT UEs. A similar approach is possible also for the UL, i.e. limiting the scheduling to a subspace of the PUSCH region.
The possibility of having short TTIs of different lengths within one subframe as well as different TTIs between UL and DL should also be considered. This would give the largest scheduling flexibility for the eNB, and could be used e.g. if the load is much higher in one of the directions, or to cater for UEs with varying amounts of data.
To support simultaneous operation with legacy UEs working at subframe TTI, the legacy channels PDCCH, PHICH, and PCFICH should be left unaffected.
Observation:
· Short TTI UEs can be scheduled within the PDSCH/PUSCH region in the same subframe as legacy TTI UEs.
· Consider to support different TTI lengths in DL and UL as well as varying TTI lengths within one subframe. 
Conclusion
The above discussion is summarized with the following observations and proposals:
Observations:
· For DL operation, the reduced TTI needs to follow with a reduced HARQ timing.
· For UL operation, the reduced TTI needs to follow with a reduced processing time for the UL transmission and flexible way to schedule retransmissions.
· Modifications to the (E)PDCCH is necessary to take full advantage of the reduced TTI length.
· Short TTI UEs can be scheduled within the PDSCH/PUSCH region in the same subframe as legacy TTI UEs.
· Consider to support different TTI lengths in DL and UL as well as varying TTI lengths within one subframe. 

Proposals:
· Study techniques to reduce the TTI from 7 to 1 symbols for frame structure 1, 2 and 3 considering the following aspects in the design:
· Reduced processing and feedback timing.
· Shared channel design details including reference symbol design.
· Scheduling of reduced TTI lengths for UL and DL.
· Multiple TTI lengths for both data and control in the same subframe and different subframes.
· Study maximum TA reduction independent of TTI reduction techniques.
· Capture the above discussion in the TR.
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