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Introduction
	At the RAN#67 meeting, a study item on latency reduction techniques for LTE was approved [1].
The objective of this study item is: 
· 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).  
From RAN1#84:  the following agreements are reached [2]
· The potential specific impacts for the followings are studied 
· UE is expected to receive a sPDSCH at least for downlink unicast 
· sPDSCH refers PDSCH carrying data in a short TTI
· UE is expected to receive PDSCH for downlink unicast
· FFS whether a UE is expected to receive both sPDSCH and PDSCH for downlink unicast simultaneously
· FFS: The number of supported short TTIs
· If the number of supported short TTIs is more than one,
· The length of short TTI can be variable
· FFS whether a UE is expected to receive sPDSCHs with different lengths simultaneously
· FFS how to change the length of short TTI for sPDSCH e.g., semi-static vs dynamic, cell-specific vs UE-specific, explicit vs implicit
· TTI length for DL and UL can be different 




In this paper we have some observations and proposals on the DL control channel design for TTI shortening, note that carrier aggregation is not considered in the following discussion.

Some observations and proposals on TTI shortening
TCP uses the slow start algorithm, in which TCP’s latency is dominated by the number of round-trip times (RTT), early in the connection lifetime to grow the amount of data that may be outstanding at a given time. Short TTI can reduce the RTT delay during the TCP slow start phase, however for a given UE which is expected to be scheduled constantly, RTT is related to the scheduling resource available at eNB as well. 
Short TTI scheduling scenario for TCP slow start
Shortened TTI lengths, such as 1, 2, 3-4 or 7 symbols could be considered for further evaluation. If some or all of the above symbol options are accepted, scheduling can be very flexible. However, due to the backward compatibility for scheduling legacy UE simultaneously, the short TTI PDSCHs are considered to be FDM with the legacy PDSCH, which limit the frequency range that can be scheduled in a short TTI in one subframe. Thus eNB may prefer to schedule a UE in a consecutive short TTIs in a given subframe with the same frequency and the same short TTI length, otherwise the scheduling and control channel design could be too complex.
It is known that many connections on the Web are short-lived, scheduling the UE to the shorter available TTI for a period time during the slow start phase could be advantageous. Furthermore, there is possibility for LTE to support URLLC or similar UE in the future, thus eNB would like to schedule a latency sensitive UE constantly to the shortest TTIs possible, otherwise the latency requirement for such UEs may not be reached.
Observation 1:
· Some UE could be scheduled with a consecutive short TTIs for a period of time.

Changing the length of short TTI
If a UE is scheduled with the short TTIs, e.g. 2 symbols, it may result in more blind detections than longer TTI and increase the control overhead, which could limit the advantage of TTI shortening. Moreover, eNB may schedule a longer TTI to a UE when the slow start phase is over. Also, scheduling from longer TTIs to shorter ones would be supported when TCP congestion happens or for other reasons, assuming the eNB may have the ability to monitor the TCP flow status when congestion occurs. So it is better for eNB to support changing the length of short TTI of the coming subframes for scheduler flexibility. 
Rescheduling of TTI length of UE data connection may have some options:
· Using physical control channel with new DCI defined for TTI shortening.
· Reconfiguration by higher layer signalling, which could, however, reduce the latency benefit obtained by TTI shortening;

Note that if the number of supported short TTI configurations is more than one, it would be better to restrict the short TTI configurations in a subframe to one fixed configuration. Otherwise enhanced control channel reception and channel estimation may get too complex and further latency reduction is not obtained.

Observation 2:
· TTI length can be changed at subframe(s) level by physical layer control signaling.

Proposal 1:
· It is flexible to support changing the length of short TTI at subframe(s) level by physical layer.

A DL control channel design option for short TTI
Because the backwards compatibility should be preserved, if DL control channel for sPDSCH is similar to legacy PDCCH mechanism, the excessive control overhead could be an issue for TTI lengths of 1 or 2 symbols, although the reuse of current PDCCH design to carry DCI could bring some resource saving. 
In addition, if each short TTI needs PDCCH similar to legacy way for fast DL control, more blind detections would be required. Therefore, UE specific short PDCCH with pre-configuration could be considered for UE power saving.
Observation 3:
· Besides control overhead, PDCCH-like way control for each sPDSCH could increase the blind detection efforts of UE.

EPDCCH is introduced in Release 11 for supporting ICIC and cross carrier scheduling, and increasing the control channel capacity. However, EPDCCH is configured by higher layer signalling, considering the TTI reconfiguration could be possible at subframe(s) level, the EPDCCH-like way introduces additional latency and thus has limitation when scheduling the UE to use different TTI length by physical layer.
In addition, EPDCCH is multiplexed with PDSCH in frequency domain, which increases the processing time, which again increases the latency of sPDSCH decoding.
Observation 4:
· Besides processing time, EPDCCH-like way control has limitation for L1 scheduling between different TTI lengths

By leveraging the benefit of TTI rescheduling scenarios as discussed in chapter 2, the control channel for short TTI could support a constant sPDSCH scheduling option, similarly as introducing SPS-like idea to L1. The scheduling information for a given UE such as the short TTI length, sPDSCH being scheduled and frequency allocation could be the transferred by subframe(s) level. Otherwise, some information may be duplicated n times in a number of subframes, which is a waste of physical resource.
Therefore, as in figure 1, a new primary DL control information (marked as P-DCI) for short TTI could be defined to schedule the UE at subframe(s) level and it can reuse the legacy PDCCH without increasing the UE blind detections in a subframe.  Optionally, the eNB can schedule a UE using P-DCI for some specific scenarios in the future. Thus, the P-DCI is decoded by the UE as legacy way and the UE will know whether and where sPDSCHs are scheduled in that subframe, as well as the short TTI length (e.g. by bit mapping) and the allocation in frequency it was scheduled.
[bookmark: _GoBack]A short DCI (marked as sDCI in fig 1) is also required for each sPDSCH for fast control and feedback, however, the sDCI for a UE can be contained in each sPDSCH scheduled by the P-DCI, thus bind detections is not increased. Further for latency consideration, the sDCI could better be configured in the first symbol of each sPDSCH. 
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Figure 1: A DL control channel option for supporting short TTI (2 symbols)

Furthermore, the sDCI reconfiguration activation for different short TTI scheduling could be controlled by the physical layer dynamically as discussed above, where the short TTI length changing along with the sPDSCH reconfiguration is done by P-DCI according to some scheduling scenario. When the short TTI length is changed by P-DCI, the sPDSCH and sDCI resource reconfiguration occurs and is known by the UE accordingly.
If the scheduling information in the P-DCI for a given UE remains unchanged, eNB may not schedule the P-DCI in each subframe to the UE, thus saving the control channel resource in legacy PDCCH.  Consequently, UE power consumption could be further saved by skipping some blind detection occasions in the UE-Specific search space in PDCCH as preconfigured in the P-DCI, however, UE could be informed by sDCI to resume the legacy blind detections of PDCCH at the followed subframe for scheduler flexibility. 

Proposal 2:
· New DCI reusing legacy PDCCH for subframe level control could be defined as an option for TTI shortening, introducing semi-static control to L1 can be considered as well.

Conclusions
In this contribution we provide our views on PDCCH design of short-TTI for latency reduction, the observations and proposals are summarized as follows:
Observation 1:
· Some UE could be scheduled with a consecutive short TTIs for a period of time.
Observation 2:
· TTI length can be changed at subframe(s) level by physical layer control signaling.
Observation 3:
· Besides control overhead, PDCCH-like way control for each sPDSCH could increase the blind detection efforts of UE.
Observation 4:
· Besides processing time, EPDCCH-like way control has limitation for L1 scheduling between different TTI lengths

Proposal 1:
· It is flexible to support changing the lengths of short TTI at subframe(s) level by physical layer.
Proposal 2:
· New DCI reusing legacy PDCCH for subframe level control could be defined as an option for TTI shortening, introducing semi-static control to L1 can be considered as well.
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