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1. Introduction
[bookmark: _Ref178064866]At RAN#75 a new Work Item on Ultra Reliable and Low Latency communication was approved [3] to enable support of data with high reliability within a certain latency limitation.
In this contribution, we discuss features that are needed for achieving low latency. In a companion paper [4] we evaluate the latency in LTE Rel-15.
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Reduced processing time
In the sTTI&PT WI a reduced processing time operation for 1ms TTI has been introduced. With this new operation, the UE timing is reduced from n+4 (4ms) to n+3 (3ms), allowing a reduced HARQ RTT. In this mode, asynchronous HARQ is used, meaning that PHICH is not used. This should be the baseline for URLLC with 1ms TTI.
1. For URLLC operation with 1ms TTI the reduced processing operation with n+3 timing and asynchronous HARQ should be assumed.
Short TTI
The sTTI&PT WI has also defined new shorter transmission lengths: 2/3-symbols TTI (FDD only) and 7-symbols TTI (TDD/FDD). Since the shorter TTI yield lower latency both from the over-the-air delay, alignment delay, and processing delay, these operation modes are a natural part of URLLC.
1. Short TTI operation should be the baseline for URLLC.
Pre-emption
It is essential for a URLLC packet to be delivered within the latency bound. In scenarios with high network load there might not always be possible for the network to allocate sufficient resources for a URLLC transmission and the critical packet may be placed in a queue. One solution to mitigate the queueing problem is to pre-empt the high priority (URLLC) transmission in a lower priority (e.g. eMBB) transmission.
We note that the network is currently able to schedule in this fashion, for both UL and DL. In UL, however, the two transmissions will collide.
The network is currently able to schedule pre-empting transmissions in UL and DL.
The pre-emption will naturally have an impact on the lower priority transmission, since data will be missing and replaced by useless data, contaminating the buffer. Subsequent HARQ retransmission will be inefficient due to this contamination. One mitigation that has been introduced in NR for DL pre-emption is the concept of a pre-emption indication DCI. This message informs the UE that it should clear parts of its HARQ buffer. After this a retransmission can repair the disturbed part of the packet.
We note that such a message can only be directed towards new UEs and is therefore of little use, since the penetration of new UEs is expected to be low for a significant period of time. Also, the incentive for new, non-URLLC UEs to implement a functionality to support more efficient URLLC network operation is questioned.
A pre-emption indication message introduced in NR is of little use in LTE due to legacy UEs.
Observation 1 The incentive for non-URLLC UEs to support pre-emption indication message is small
If pre-emption is anyway carried out in the DL, it is possible for the network to repair the damage by simply transmitting the original data as a new transmission, i.e. by toggling NDI. This will reduce the efficiency, but this should be an acceptable cost for enabling the pre-emption of high priority transmissions.
New data transmission (NDI toggling) can be used to repair the data after a DL pre-emption.
SPS
SPS UL allows direct data transmission, thereby reducing the latency compared to dynamic UL scheduling, where a SR needs to be transmitted and an UL grant needs to be received before the UE can transmit UL data. SPS should therefore be assumed for UL scheduling for 1ms and short TTI. To support the lowest latencies the SPS periodicity should be set to 1TTI.
1. [bookmark: _Toc493499911]For URLLC SPS UL should be assumed for 1ms and short TTI with periodicity down to 1TTI.
If repetitions are supported for SPS, the lowest latency is achieved by allowing the sequence of repetitions to start in any SPS occasion, i.e. letting the period be lower than the repetition, as opposed to setting the period to a value same or higher than the repetition factor.
SPS repetition should be supported with a period lower than the repetition factor.

Conclusion
In section 2 we made the following observations:
1. The network is currently able to schedule pre-empting transmissions in UL and DL.
A pre-emption indication message introduced in NR is of little use in LTE due to legacy UEs.
Observation 3 The incentive for non-URLLC UEs to support pre-emption indication message is small
New data transmission (NDI toggling) can be used to repair the data after a DL pre-emption.
SPS repetition should be supported with a period lower than the repetition factor.

Based on the discussion in section 2 we propose the following:
1. For URLLC operation with 1ms TTI the reduced processing operation with n+3 timing and asynchronous HARQ should be assumed.
1. Short TTI operation should be the baseline for URLLC.
1. For URLLC SPS UL should be assumed for 1ms and short TTI with periodicity down to 1TTI.
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