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1. Introduction
[bookmark: _Ref178064866]At RAN#75 a new Work Item on Ultra Reliable and Low Latency communication was approved [1] to enable support of data with high reliability within a certain latency limitation.
In this contribution, we discuss features that are needed for supporting high reliability in LTE.
1. [bookmark: _Toc455649131][bookmark: _Toc455649156][bookmark: _Toc455649182][bookmark: _Toc455649228][bookmark: _Toc455649250][bookmark: _Toc455649272][bookmark: _Toc455649132][bookmark: _Toc455649157][bookmark: _Toc455649183][bookmark: _Toc455649229][bookmark: _Toc455649251][bookmark: _Toc455649273][bookmark: _Toc455649133][bookmark: _Toc455649158][bookmark: _Toc455649184][bookmark: _Toc455649230][bookmark: _Toc455649252][bookmark: _Toc455649274][bookmark: _Toc455649134][bookmark: _Toc455649159][bookmark: _Toc455649185][bookmark: _Toc455649231][bookmark: _Toc455649253][bookmark: _Toc455649275][bookmark: _Toc455649135][bookmark: _Toc455649160][bookmark: _Toc455649186][bookmark: _Toc455649232][bookmark: _Toc455649254][bookmark: _Toc455649276][bookmark: _Toc455649136][bookmark: _Toc455649161][bookmark: _Toc455649187][bookmark: _Toc455649233][bookmark: _Toc455649255][bookmark: _Toc455649277][bookmark: _Toc455649137][bookmark: _Toc455649162][bookmark: _Toc455649188][bookmark: _Toc455649234][bookmark: _Toc455649256][bookmark: _Toc455649278][bookmark: _Toc455649138][bookmark: _Toc455649163][bookmark: _Toc455649189][bookmark: _Toc455649235][bookmark: _Toc455649257][bookmark: _Toc455649279][bookmark: _Toc455649139][bookmark: _Toc455649164][bookmark: _Toc455649190][bookmark: _Toc455649236][bookmark: _Toc455649258][bookmark: _Toc455649280][bookmark: _Toc455649140][bookmark: _Toc455649165][bookmark: _Toc455649191][bookmark: _Toc455649237][bookmark: _Toc455649259][bookmark: _Toc455649281][bookmark: _Toc455649141][bookmark: _Toc455649166][bookmark: _Toc455649192][bookmark: _Toc455649238][bookmark: _Toc455649260][bookmark: _Toc455649282][bookmark: _Toc462120460]Discussion
In the following we discuss a list of enablers for high reliability data transmission. We will consider both data and control channels and multiple transmissions. For all channels and cases, we will consider both legacy TTI and short TTI, i.e. the discussion applies also to sPDCCH, sPDSCH, sPUSCH, and sPUCCH.
Required reliability
The target is to deliver an UL or DL data packet with a total error rate at RAN level of E and a total RAN latency of L. Depending on L and the transmission properties, it can be possible to transmit multiple times. If the transmissions of a packet can be seen as independent, the requirement per transmission will fall as a function of number of transmissions, i.e. in general as , for n attempts of success probability  for a single transmission.
DL transmission
If we only have one transmission within L, then we require that PDCCH and PDSCH is received. PUCCH is strictly not needed to deliver data to higher layers in the UE. To trigger a retransmission, we require NACK to be received. With retransmissions, we can set a relaxed requirement, however, the reliability of the HARQ feedback (NACK received) must be considered. The PUCCH/sPUCCH reliability will in effect place a cap on how reliable a first transmission needs to be.
1. [bookmark: _Toc493499900]PUCCH/sPUCCH reliability is critical for DL retransmissions.
[bookmark: _Ref494189535]UL transmission
For UL, there are two main tracks: SR-based or SPS-based scheduling. The difference between them is that for SR we require the SR to be detected in order to initialize the scheduling.
For the case of SPS-based scheduling we don’t require SR, and we only require PDCCH for the retransmissions. With SkipUplink the UE only transmits when it has UL data, giving good efficiency. However, since the UE state is unknown by the network we need to reliably detect the first UL transmission in the eNB. If the transmitting UE is not identified, the data can’t be delivered and a retransmission is not triggered.
Therefore, improvements should be considered for both SR and SPS-based transmission.
1. [bookmark: _Toc493499901]SPS-based and SR-based UL are both sensitive to detection of initial transmission.
1. Transmitter and receiver antennas
Higher reliability in data transmission can be achieved by additional diversity gain through using larger number of transmitter or receiver antennas. A UE designed for extreme latency and reliability targets can be expected to be high-end UE, implying that it can support multiple transmitter or receiver antennas. A potential enhancement for support of higher reliability is 4 transmitter antennas or 4 receiver antennas at the UE. 
1. [bookmark: _Toc493499904]UE with 4 TX antennas and 4 RX antennas can be considered baseline for a UE supporting low latency and high reliability.
DL control
To support high reliability with PDCCH (sPDCCH), required both for UL and DL data transmission, the code rate should be low enough to achieve the targeted reliability. If the current DCI sizes are not achieving low enough code rate, it can be lowered by two means: increasing the code length (aggregation level) and/or reducing the payload (DCI size). These two enhancements should be considered for reliable DL control.
1. [bookmark: _Toc493499905]Consider compact DCI size and higher aggregation levels for reliable DL control.
UL control
UCI is generally considered the weakest link in LTE, important and sensitive to the power limitation of the UE. Due to the power limitation, an increase in code length is not meaningful in most cases. To achieve the most reliable PUCCH solution RAN1 should instead consider low payload, repetition and frequency hopping as the baseline solution. In addition to this, transmit diversity techniques such as SORTD should be considered. For SR-based operation repetition of SR should be supported.
1. [bookmark: _Toc493499907]Low payload PUCCH with repetition and frequency hopping should be the baseline for reliability operation.
[bookmark: _Toc493499908]Transmit diversity for PUCCH can be used to improve reliability.
1. [bookmark: _Toc493499909]SR repetition should be considered.
1. Configuration of code rates to support higher reliability
In the sTTI&PT WI a modification of the TBS is discussed, where the TBS value from the legacy table is scaled according to TTI length with a configured factor  such that
[bookmark: _Toc493499910]
which can then be adjusted to byte size and corrected for CRC. The sTTI solution is therefore to reuse the existing MCS set and scale the table.
For URLLC operation, the legacy set of MCS may not be sufficient. Instead of extending or modifying the MCS set, it is possible to define an additional factor <1 such that

scaled for the configured service such that the code rate corresponding to a MCS is reduced. The factor  can be configured for the service, e.g. when using URLLC operation, and either always applied when a certain DCI is used, or applied when indicated in the DCI.
1. A TBS scaling factor should be configurable for URLLC services.

1. Repetition with K-factor
[bookmark: _Hlk485375947]In NR, it has been agreed that “for an UL transmission scheme with/without grant, K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported”. Multiple transmission attempts allowing for high reliability can then be achieved in a shorter time compared to feedback-triggered retransmission. In addition to this significant reduction of latency, the feedback channel is not required to trigger the retransmission. 
DL HARQ-less retransmission
In the DL, this mode of operation is simply supported by the eNB scheduling “back-to-back” transmissions of the same HARQ PID without toggling NDI. Different or same RVs can be used, as indicated in DCI. Therefore, this mode of operation can be referred to as “HARQ-less” retransmission. The UE will then receive and combine the data accordingly, and each copy will trigger PUCCH feedback.
1. [bookmark: _Toc493499902]DL HARQ-less retransmission is supported already.
Starting from this basic operation mode, improvements such as configuration of repetition K-factor can be done.
UL repetition
In LTE, transport block repetition is already supported by TTI bundling. UE sends always four copies of one transport block with a fixed RV pattern. Each additional copy is treated as one non-adaptive retransmission, and thus it can be configured for both dynamic scheduling and SPS.  The initial motivation for TTI bundling is to improve uplink coverage, and a couple of changes based on TTI bundling may be needed, for example, on the repetition number K and RV pattern. This should extend naturally to sTTI.
1. sTTI bundling is supported.
In the UL, eNB could indicate in the dynamic grant or configure semi-statically that UE should repeat K times with a given RV pattern. For SR-based scheduling, this is similar to TTI bundling.
For SPS UL, the K-factor could be given in the same way. However, with skipUplink and possibility to start transmission at any time, several issues need to be sorted-out. With SkipUplink, the RV scheme needs to be set to avoid the error case that the initial transmission is missed. In addition, if we configure a small SPS period and repetitions can happen on the SPS resources of the next periods, then HARQ process IDs computation needs to be studied.
1. [bookmark: _Toc493499903]Repetition in SPS UL requires modification of HARQ PID and RV rules. 

1. Reliability mode for SPS UL
As noted in 2.1.2, in UL SPS transmission with SkipUplink being configured in LTE, the network (eNB) does not expect a transmission in every resource specified by the configured grant, and thus does not react if a transmission is not detected at eNB. In order to cover the potential error case that the not-detected transmission attempt was actually a non-decodable transmission, the eNB could react to that by sending a NACK on PHICH, and only sends an ACK on PHICH if an UL MAC PDU is correctly received.  In other words, eNB could always send NACK on PHICH unless an MAC PDU is successfully received. On the UE side, UE would only inspect PHICH channel after an associated UL transmission, and acts accordingly. 
This mechanism exploits PHICH channel, but PHICH may not always exist for UL channel introduced in latency-reduction WI. For UL SPS sTTI, it has been agreed that “PHICH-less asynchronous UL HARQ for sPUSCH is supported” and “RAN2 sees benefits to support SPS for short TTI”. In addition, RAN1 agree that “PHICH-less asynchronous HARQ for UL is used for 1ms TTI with shortened processing time”. 
One mitigation mechanism is to enforce the transmission of ACK feedback for each UL data transmission. Consequently, if no feedback is received within the configurable feedback time T, then UE considers that the transmission is not successful and should retransmit the packet. 
1. [bookmark: _Toc493499911]For UL data transmission without grant, a reliability enhancement feedback mode is introduced: UE waits for ACK feedback and assumes NACK if no-feedback is received.
This new mode of SPS feedback may lead to resource inefficiency. For instance, the ACK feedback would need to be sent for most of the UL transmissions, since the BLER is low. And if the ACK is lost, then a redundant retransmission is triggered. However, this may be motivated for packets that requires a very high reliability but in general has a lower traffic rate. 

Conclusion
In section 2 we made the following observations:
[bookmark: _GoBack]
1.  PUCCH/sPUCCH reliability is critical for DL retransmissions.
1. SPS-based and SR-based UL are both sensitive to detection of initial transmission.
1. Transmit diversity for PUCCH can be used to improve reliability.
1. DL HARQ-less retransmission is supported already.
1. Repetition in SPS UL requires modification of HARQ PID and RV rules. 

Based on the discussion in section 2 we propose the following:

1.  UE with 4 TX antennas and 4 RX antennas can be considered baseline for a UE supporting low latency and high reliability.
1. Consider compact DCI size and higher aggregation levels for reliable DL control.
1. Low payload PUCCH with repetition and frequency hopping should be the baseline for reliability operation.
1. SR repetition should be considered.
1. A TBS scaling factor should be configurable for URLLC services.
1. sTTI bundling is supported.
1. For UL data transmission without grant, a reliability enhancement feedback mode is introduced: UE waits for ACK feedback and assumes NACK if no-feedback is received.
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