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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 was already finalized in a framework of reduced processing latency and short TTI. However the reliability part and potential enhancement to the low latency part are going to be addressed in this study item [1].
At the last meeting, an email discussion to collect views on potential enhancements was triggered and the following possible proposals were identified [2]:

	· Proposal 2.1: Study reduced size/compact DCI URLLC scheduling. The studies should at least include investigations on reduced resource allocation and MCS signaling overhead (other reductions are not precluded). 

· Proposal 2.2: Investigate the need for using more DL control resources for DCI transmission on a carrier within a TTI together with the studies on reduced size/compact DCI URLLC scheduling. Candidate techniques may (beside others) include support of AL16, DCI repetition as well as PDCCH candidate aggregation. 

· Observation 2.3: More discussion is needed on additional PDCCH diversity techniques such as time-domain repetition, carrier-domain repetition as well as spatial diversity enhancements for DM-RS based SPDCCH. 

· Proposal 2.4: Study the effect of false alarm rate on the URLLC performance. Candidate techniques to solve the issues (if identified) may (beside others) include using larger CRC size as well as using (a-priory) known information field content. 

· Observation 2.5: PDCCH blocking for URLLC has been mentioned by two companies which may require further attention


In this contribution the potential design options of sPDCCH enhancements to fulfil URLLC requirements in LTE are discussed based on the potential proposals from the email discussion.
2 PDCCH Redundancy
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 for CRS-based transmission and 2-symbol DM-RS based transmission, or 48 sREGs for 3-symbol DM-RS based transmission, therefore AL 16 would contain 64 REGs/96 REGs that is even larger than the number of PRBs in 10 MHz bandwidth.
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.
In case of combining within the same resource set, a repetition factor R could be introduced and signaled to a UE as a part of UE-specific search-space configuration (see in Figure 1). R here is referred to a number of consecutive in time monitoring occasions. The decoding candidates in each monitoring occasion should be linked in order to keep the number of decoding hypothesis limited.
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Figure 1. Multiple PDCCHs in the same CORESETs scheduling the same PDSCH

Further, in order to maximize the diversity between PDCCH repetitions, additional time domain randomization of the transmission parameters could be defined. For example, scrambling sequence initialization could be dependent on starting symbol of sPDCCH monitoring occasion within a radio-frame.
It should be further noted, that for regular PDCCH scheduling, similar enhancements could be introduced to achieve the 10-4 error target within 10ms.
Proposal 1

· If deemed necessary to support higher redundancy of PDCCH transmission, PDCCH repetitions are prioritized over higher AL
3 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. 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.
There are multiple options to reduce DCI payload size at the expense of lower scheduling flexibility: resources allocation granularity may be further increased, number of HARQ processes may be reduced, MIMO related parameters may be removed etc. The main question here is how much payload size is required for the target scenarios. From the similar analysis in [3]-[4] for NR, it is expected, that without introduction of any resource redundancy (high AL, repetitions), it would be hard to achieve the reliability requirements even with DCI payload reduced to ~20 bit. Therefore, the following is proposed.
Proposal 2
· Reduced DCI size design should be introduced together with a resource redundancy scheme (e.g. PDCCH retransmission) in order to fulfil the reliability requirements
4 False Alarm Impact
Definitely, the impact from false positive PDCCH detection could be non-negligible for the use cases targeting very low error rates. It was confirmed, that current CRC size of 16 bit together with the specified number of blind decodes for sTTI operation leads to the false alarm rate in order of ~1e-5. A straightforward approach is to increase the CRC size (e.g. to 24 bit), that however will further lead to increased UE complexity and number of blind decodes (or respectively reduced number of candidates) since there is no then possibility to share decoding candidates between DCI formats unless the overall size is size matched.
Alternatively, to avoid these issues, some fields in the DCI may be preconfigured semi-statically. For example, a few fields which are subject to exclusion in the compact variant as discussed in the previous section, may be preconfigured but not excluded from the DCI so that UE can use them as additional CRC bits. Basically, similar approach was employed for SPS activation/deactivation which are sensitive to FA detection.
Proposal 3
· A few fields from sDCI format are semi-statically configured to a UE
5 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

· If deemed necessary to support higher resource redundancy of PDCCH transmission, PDCCH repetitions are prioritized over higher AL
Proposal 2
· Reduced DCI size design should be introduced together with a resource redundancy scheme (e.g. PDCCH retransmissions) in order to fulfil the reliability requirements
Proposal 3
· A few fields from sDCI format are semi-statically configured to a UE
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