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1 Introduction

Previously, ultra-reliable low latency (URLLC) services were brought up as a part of 5G use cases in order to design NR technology. Later on, URLLC was also decided to be supported by even further evolving LTE technology. The low latency part is already being finalized in a framework of reduced processing latency and short TTI. However the reliability par and potential enhancement to the low latency part are going to be addressed in this study item [1].
At the last meeting, the following target requirements were endorsed for LTE URLLC:

	· URLLC for LTE should target the requirement defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1 ms. Additional less stringent requirements can be considered.

· In addition to (10-5, 1ms, 32 bytes packet), URLLC for LTE should target the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10 ms.


In this contribution the potential design options to fulfil URLLC requirements in LTE are discussed. In particular, DL channels are discussed in section 2 and the UL channels are discussed in section 3. Preliminary SLS results for LTE URLLC using the agreed evaluation assumptions are provided in [2].
2 DL channels
2.1 Control Channel Reliability
Although it is not yet confirmed by evaluations, the control channel performance would be one of the factors limiting both DL shared channel performance and UL shared channel performance. Therefore, the performance of control channel should have a sufficient margin in terms of link budget comparing to shared channels. In this subsection potential techniques to improve control channel reliability are discussed.
Aggregation levels

A potentially proper way to increase control channel reliability is to introduce higher aggregation levels comparing to ones supported for non-URLLC services. For example, 16 or 32 CCE per candidate can be considered or other values e.g. 12. However, the issue in lack of spectrum resources to allocate such number of CCEs in one-two symbols may appear. For example, AL 8 contains 32 sREGs, therefore AL 16 would contain 64 REGs that is even larger than the number of PRBs in 10 MHz bandwidth.
PDCCH repetitions and combining

An alternative option to increased aggregation levels is introduction of UE behavior to handle identical sPDCCH transmissions. For example, a UE can assume that particular candidates in different sPDCCH resource sets can carry DCI scheduling the same sPDSCH and therefore can be either processed sequentially or combined.
Reduced DCI payload
In case there is no much resources to increase sPDCCH transmission redundancy, the DCI size may need to be decreased further. That requires RRC signaling to preconfigure some of the transmission parameters, e.g. resource allocation or MCS. Alternatively, selected fields in DCI may be known to the UE through RRC signaling without changing the DCI format. Overall, an ultimate solution in this case is to configure DL SPS where all parameters are known in advance and therefore no DCI is required other than to activate SPS process.
Proposal 1
· Study further the following techniques to improve sPDCCH reliability
· sPDCCH repetitions
· Higher aggregation levels

· Reduced DCI payload
2.2 Shared Channel Reliability
DL shared channel reliability is discussed in this section. One of the main approaches to increase reliability is to exploit all sources of diversity and maximize redundancy within a latency budget. Some of promising techniques for PDSCH reliability are discussed below one by one.
PDSCH repetitions

One of straightforward approaches to increase redundancy per information bit is sPDSCH repetitions. This is needed to maximize link budget within a given latency budget. Since current sTTI operation has scheduling granularity of 2/3 and 7 symbols, the achieved link budget is limited by 2/3 symbol sTTIs because the slot-based operation cannot fulfil 1ms latency due to frame alignment delay. However, for coverage limited UEs a desired option would be to utilize all the latency budget for data transmission that maximizes energy per information bit.
This may be achieved by repetitions / aggregation on sTTIs specified in Rel.15. The simplest approach would be to allow UEs to combine transport blocks with the same HARQ process ID without assumption that the retransmission should be triggered after ACK/NACK. This approach may be extended to multi-carrier operation as well. For example, a UE can be configured to consider that the same HARQ process ID in different component carriers related to the same TB and therefore can be combined.
Another approach is to let single DCI schedule a bundle of sTTIs. In this case, the control overhead is reduced since there is no need to allocate sPDCCH resources in each sTTI. However, reliability of sPDCCH scheduling the whole bundle is critical for this approach since it is transmitted only once.

MCS enhancements

It needs to be further checked whether the current TBS/MCS table and scaling factor achieve code rates providing the desired BLER. If the code rate is deemed insufficient, then additional scaling or additional TBS values may be added.
CQI/CSI enhancements

One more aspect that potentially needs to be improved is the CQI reporting procedure. Currently, CQI is reported corresponding to target BLER 10%. As it was shown in NR, this value may substantially limit spectrum efficiency and therefore capacity of URLLC operation since it requires from eNB to apply large SNR margin in order to achieve the required BLER without prior knowledge of SNR operating point. Thus, similar to what was already agreed in NR, a URLLC UE may need to be configured with lower target BLER for CQI reporting. Moreover, two target BLERs may be configured to a UE in order to estimate “spectrum efficient” transmission parameters and “reliable” transmission parameters which may be used for initial transmission and retransmissions respectively.
Proposal 2
· Study further the following techniques to improve sPDSCH reliability

· PDSCH repetitions
· Configurable target BLER for CQI reporting
3 UL channels
First it should be noted that UL channels are likely to be a bottleneck in URLLC operation because of essentially lower coverage due to different maximum TX power between UE and eNB. The coverage imbalance may be up to ~20 dB between DL and UL. Therefore, it is crucial to improve reliability of UL control and shared channels in order to enable LTE URLLC.
For designing ultra-reliable PUCCH, the most critical UL control channel information should be prioritized such as Scheduling Request and DL HARQ-ACK signaling which enable basic operation in both UL and DL.
For SR transmission, a potential solution to improve reliability is to configure PUCCH repetitions with frequency hopping. In the same time, an early termination approach may be used to trigger UL grant once SR is detected even before the end of repetitions. Moreover, the repetitions may be combined at eNB to further improve coverage. Similar approach may be used for A/N transmission.
Coverage of UL shared channel may be substantially improved if more time is available for transmission. Transmission time may be maximized if SR and UL grant steps are omitted by using semi-persistent scheduling. The SPS mechanism was substantially improved in recent releases with introduction of multiple resource configurations in V2X and with skipping of transmission if there is no data. Therefore, if these mechanisms are extended to sTTI operation then almost no additional enhancements are envisioned for UL SPS.

Proposal 3
· Study further the following techniques to improve sPUCCH and sPUSCH reliability

· sPUCCH repetitions and early termination
· sPUCCH frequency hopping

· sPUSCH repetitions

· sPUSCH SPS enhancements such as multiple resource configurations and/or flexible transmission starting positions
4 Conclusions

In this contribution, we discussed we discussed basic design directions to enable URLLC services in LTE. Based on the analysis the following is proposed for further study:
Proposal 1
· Study further the following techniques to improve sPDCCH reliability

· sPDCCH repetitions

· Higher aggregation levels

· Reduced DCI payload

Proposal 2
· Study further the following techniques to improve sPDSCH reliability

· PDSCH repetitions

· Configurable target BLER for CQI reporting
Proposal 3
· Study further the following techniques to improve sPUCCH and sPUSCH reliability

· sPUCCH repetitions and early termination

· sPUCCH frequency hopping

· sPUSCH repetitions

· sPUSCH SPS enhancements such as multiple resource configurations and/or flexible transmission starting positions
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