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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, an email discussion to collect views on potential enhancements was triggered and the following possible proposals were identified regarding DL shared channel channel [2]:

	· Proposal 3.1: Study blind/HARQ-less PDSCH repetition in different TTIs. The candidate techniques at least include dynamic DCI indication of the repetition factor, higher layer configuration of the repetition factor as well as issuing independent PDSCH assignments for each PDSCH transmission. PDSCH repetition may be combined with TTI level FH. 

· Proposal 3.2: Study URLLC PDSCH MCS definition/operation, considering in the study also the combination with other techniques such as blind/HARQ-less PDSCH repetition as well as the compact DCI design. 

· Observation 3.3: A large majority of companies think the existing supported spatial/frequency diversity techniques to be sufficient for URLLC. One company mentioning TX diversity support for single layer TM9 and one company suggesting PDSCH repetition in the carrier domain (in addition to PDCP data duplication).  

· Proposal 3.3: Use the existing supported PDSCH spatial/frequency diversity techniques as baseline for URLLC. Studies on other PDSCH spatial/frequency diversity techniques (e.g. TX diversity support for single layer TM9 or PDSCH repetition in the carrier domain) could be carried with low priority (if time permits).  
· Observation 3.4: More discussions might be needed on PDSCH HARQ-Ack enhancements to improve URLLC link-adaptation in case of unsuccessful TB decoding.  

· Proposal 3.5: Study at least the support of lower target BLER as URLLC CQI/CSI enhancement as well as the CQI relation with lower PDSCH MCS and/or PDSCH repetition. 

· Proposal 3.6: CBG-based PDSCH is not needed for URLLC operation. If time permits (with lower priority), enhancements to eMBB operation by using CBG-based PDSCH could be considered later on in this WI. 

· Observation 3.7: There seems to be no clear majority support of studying/supporting early termination techniques for blind/HARQ-less PDSCH repetition without individual DL assignment. Studies may be carried out if time permits. 

· Proposal 3.7: Study if early termination techniques are needed for URLLC operation.  
· Proposal 3.8: The URLLC studies should focus on existing PDSCH TTI lengths (incl. related processing time). Studies on 1-symbol PDSCH repetition (incl. a related processing time reduction) could be carried with low priority (if time permits). 

· Observation 3.9: Puncturing indication for MBB PDSCH traffic and increased number of SPS starting points within a TTI might need further discussion. 


In this contribution the potential design options for DL shared channel to fulfil URLLC requirements in LTE are discussed.
2 PDSCH repetitions

One straightforward approach 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.

Proposal 1

· UE can be configured by higher layer UE-specific RRC signaling, subject to its capability, to expect a DL assignment scheduling the same HARQ process before time instance of ACK/NACK generation and combine the newly scheduled PDSCH with the previously scheduled PDSCH even before ACK./NACK generation
3 CQI/CSI enhancements

In NR it was agreed that two BLER targets will be supported for URLLC operation. The motivation behind usage of two targets is multifold. First, URLLC services assume very diverse range of reliability and latency requirements, therefore at least some flexibility in selecting BLER target is desirable. Second, availability of CQI measurements for two BLER targets enables advanced adaptive retransmission schemes which use more spectrum efficient parameters for initial transmission(s) and more robust (less spectrum efficient) for retransmissions. Additionally, measurements on two target BLERs provide possibility for rather accurate extrapolation / interpolation to any other target BLER.

It is proposed to adopt the similar design for LTE URLLC and potentially unify it with NR URLLC.

The candidate values for BLER target should take into account all the above considerations. Moreover, the lowest value should be testable, i.e. be not extremely low. The first value (higher one) may be selected from the range of 1-10 % in order to provide typical reliability for general low-latency services and the second value (lower one) may be selected from the range 0.001% - 0.01% in order to provide ultra-reliability. The following alternatives are considered for final selection:

· Alt.1: 10% and 0.001% (1e-1, 1e-5)

· Alt.2: 10% and 0.01% (1e-1, 1e-4)

· Alt.3: 1% and 0.001% (1e-2, 1e-5)

· Alt.4: 1% and 0.01% (1e-2, 1e-4)

Among the above listed alternatives, the first one corresponds to two typical values for eMBB and URLLC operation respectively and therefore would be a convenient choice from system perspective. Additionally, the ultra-reliable value of 1e-5 does not limit usage of lowest/highest MCS. In particular when eNB needs to calculate TX parameters for the BLER lower than the target one and UE reports “out of range” or the lowest CQI, there is an uncertainty how much spectrum is needed to a UE to fulfil the assumed error rate.

However, the lowest value of 1e-5 may not be friendly to UE implementation and testing and requires millions evaluation trials to be tested. Moreover, in this level the error floor component may be noticeable in LTE CTC that would provide further mismatch from CQI conversion to a given target SNR. In that light, selection of 1e-4 as a second target BLER is preferred. Nevertheless, it is proposed to discuss all the alternatives and agree on one of them.

Proposal 2
· Adopt two target BLER values for CQI reporting in LTE

· Particular BLER target is configured by UE-specific RRC signaling

· Select one of the following four alternatives of two target BLERs for CQI reporting for URLLC

· Alt.1: 10% and 0.001% (1e-1, 1e-5)

· Alt.2: 10% and 0.01% (1e-1, 1e-4)

· Alt.3: 1% and 0.001% (1e-2, 1e-5)

· Alt.4: 1% and 0.01% (1e-2, 1e-4)

In the same time, in NR it was agreed that 1 or 2 separate CQI tables need to be defined for URLLC. It is noted, that the UE receiver may have the capability to support 256QAM processing and the EMBB CQI feedback mechanism can be used to support the reliability and latency required for URLLC. However, given URLLC transport block sizes of typically around 32-50 bytes, a single table targeting maximum modulation of 64QAM should be sufficient. Hence, whether 256QAM is included in the CQI tables for URLLC (i.e. for lower BLER targets) can be discussed further, though it is preferred not to support 256QAM for URLLC CQI table.

Furthermore, it is preferred that only one CQI table optimized for the lowest (i.e. second) BLER target is specified while the higher BLER target is associated with the legacy CQI table for 64QAM.

Proposal 3
· Single separate CQI table is defined for the second (i.e. lowest) BLER target while the legacy 64QAM CQI table is reused for the first (i.e. higher) BLER target

Based on the above considerations and proposal, in this section further details of CQI table design are provided.

Although it is desirable to support at least the same range of spectrum efficiency as for 64 QAM eMBB table, it may be not be optimal. To support eMBB SE range and additional lower values for URLLC, the table either needs to be extended to at least 5-bit or be designed with larger SE steps. Both approaches could bring issues to URLLC operations. The extended CQI table will increase UCI overhead and therefore reduce UCI reliability while the increased SE step for CQI may significantly diminish spectrum efficiency gains from the link adaptation.

Thus, a preferred way is to define a CQI table which targets lower SE values than the legacy LTE one keeping 4-bit CQI range. It may still be preferred to support the same maximum SE.

Observation 1
· It is preferred that the new CQI table for the lowest target BLER contains 15 values, i.e. employs 4-bit signaling, and supports the same maximum SE as the 64QAM table

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

· UE can be configured by higher layer UE-specific RRC signaling, subject to its capability, to expect a DL assignment scheduling the same HARQ process before time instance of ACK/NACK generation and combine the newly scheduled PDSCH with the previously scheduled PDSCH even before ACK./NACK generation
Proposal 2
· Adopt two target BLER values for CQI reporting in LTE

· Particular BLER target is configured by UE-specific RRC signaling

· Select one of the following four alternatives of two target BLERs for CQI reporting for URLLC

· Alt.1: 10% and 0.001% (1e-1, 1e-5)

· Alt.2: 10% and 0.01% (1e-1, 1e-4)

· Alt.3: 1% and 0.001% (1e-2, 1e-5)

· Alt.4: 1% and 0.01% (1e-2, 1e-4)
Proposal 3
· Single separate CQI table is defined for the second (i.e. lowest) BLER target while the legacy 64QAM CQI table is reused for the first (i.e. higher) BLER target
Observation 1
· It is preferred that the new CQI table for the lowest target BLER contains 15 values, i.e. employs 4-bit signaling, and supports the same maximum SE as the 64QAM table
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