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1. Introduction

In RAN#77, the updated WID of an LTE work item on ultra reliable and low latency communication was approved [1] to enable support of data with high reliability under different latency constraints. The objectives of the WI for phase 2 are given as the below table:
	Phase 2 (from Nov 2017)

· Identify solutions to improve communication reliability under different latency constraints for connected mode UEs having a valid timing advance setting, considering that differences in selected high level techniques between NR and LTE should be justified.

· Consider improvements to fulfil the targets in the following areas

· On the physical layer [RAN1, RAN2, RAN4]

· Control channels

· Data channels

· Scheduling procedure

· CSI measurements
· Efficient resource sharing with legacy or non-URLLC UEs
· On higher layers [RAN2]

· Data duplication. Solution will be based on PDCP duplication discussed in NR WI for LTE-NR Dual Connectivity.

· Support methods to provide a sufficiently granular time reference value to a UE from an eNB.

· The mechanism should be applicable on top of LTE 1 ms TTI as well as shortened TTI

· Specify the most promising identified solutions for ultra reliable and low latency LTE communication for data channels and associated control channels and procedures, based on the outcome of Phase 1, targeting connected-mode UEs having a valid timing advance setting [RAN1, RAN2, RAN4]

· For the specified solutions introduce necessary UE and base station core requirements [RAN4]


In this contribution, we discuss aspects on PUSCH related techniques to enable URLLC in LTE. 
2. PUSCH related techniques for LTE URLLC
Blind/HARQ-less PUSCH repetition
Considering power limitation from UE side, exploiting frequency diversity for UL transmission would not be sufficient for higher reliability use cases. One approach to provide higher reliability can be a repeated transmission in time domain. Analogous to PDSCH, blind/HARQ-less PUSCH repetition can be considered with or without individual UL grant for each PUSCH. In case of individual UL grant, eNB transmits UL grants in consecutive TTIs using the same HARQ process ID, non-togged NDI, and DAI (if provided). Then, a UE will regard this forthcoming UL grants as those for retransmission of the same transport block. For UL SPS, blind/HARQ-less PUSCH repetition can be also considered. For both dynamic and semi-persistent scheduling, one consideration point is to investigate how to inform UE of the number of repetitions for which either dynamic or semi-static indication can be taken into account. In addition, inter-TTI frequency hopping during the repeated transmission for the same transport block can be discussed for achieving the frequency diversity gain. 
Proposal 1: Regarding HARQ-less PUSCH repetition, at least the following aspects need to be further investigated: 
· How to activate HARQ-less PUSCH repetition (with vs. without individual grant)

· How to inform UE of the number of repetitions (semi-static vs. dynamic indication)
· Whether to support inter-TTI frequency hopping during repetition
UL SPS enhancement
The current LTE UL SPS can be one of potential techniques for enabling LTE URLLC and can be baseline for discussion. We do not see a strong motivation to introduce type-1 configured grant operation in NR without activation L1 signaling as such operation can be initiated after the RRC connection anyhow so in our view UL SPS seems sufficient for enabling LTE URLLC. 
One discussion point is HARQ-less repetition for UL SPS that would provide higher reliability with less control overhead. For more opportunity to initiate SPS for latency reduction, shorter periodicity was adopted such as 1 TTI for both 1ms TTI and sTTI operations. If HARQ-less repetition is to be supported for UL SPS with short periodicity, depending on configuration, collision between initial transmission and repetition may happen. Further discussion on whether to allow such collision seems necessary. One simple way is to interpret such collision as misconfiguration and thus a UE is not expected to be configured to result in such collision since eNB is likely to indicate the number of repetition in semi-static manner. Alternatively, in case such collision is allowed by eNB configuration, a UE will terminate a repetition and send an initial transmission or will prioritize a repetition for reliability and drop/delay an initial transmission. In this case, how to compute HARQ ID needs to be further investigated. 
Proposal 2: Regarding UL SPS enhancement, at least the following aspects need to be further investigated: 
· Whether to support short periodicity for UL SPS with repetition
Lower MCS for URLLC PUSCH
Similar to PDSCH, lower MCS for PUSCH should be also taken into consideration as HARQ-less PUSCH repetition seems not be proper in case of low latency requirement (e.g., 1ms latency bound). For URLLC PUSCH, separate TBS scaling factor and/or inclusion/exclusion of some MCS indices can be further investigated. 
Proposal 3: Regarding lower MCS for PUSCH, at least the following aspects need to be further investigated: 
· How to support lower code rate (separate TBS scaling factor vs. separate MCS table)
· Whether to add new MCS entries / remove the existing MCS entries

SR related enhancement for URLLC
Considering that UE may need to handle both of URLLC and non-URLLC traffic, it would be beneficial for UE to report its traffic types as well as buffer status to eNB as fast as possible. For URLLC, two approaches can be considered as SR related enhancement. One is to configure multiple SR resources depending on the traffic type. Another is multi-bit SR in order to indicate traffic types and/or buffer status. Regardless of those types, it would be necessary to use shorter periodicity and shorter transmission duration for SR corresponding to URLLC traffic. Regardless, the trade-off between resource overhead and latency reduction should be carefully investigated. 
If there is no means to indicate which kind of traffic (e.g., URLLC or non-URLLC) needs scheduling request, eNB needs to wait until it receives BSR (or more) from UE. Thus, at least a UE should be able to let eNB know which kind of traffic requires scheduling request as early as possible using SR enhancement noted above or BSR with indication of traffic type. 

Proposal 4: Regarding SR related enhancement, at least the following aspects need to be further investigated: 
· How to inform eNB of which traffic type requires scheduling request 

· Multiple SR resource configuration depending on traffic type 

· Multi-bit SR to indicate traffic type and/or buffer status

· BSR with indication of traffic type
PUSCH power control
The power control for URLLC PUSCH can be one of enabling techniques for URLLC. At least separate open loop power control parameter (e.g., P0) depending on traffic type (or BLER/latency requirement) can be taken into account in order to provide robustness to URLLC PUSCH in case interference due to other non-URLLC traffic may happen. 
Proposal 5: Regarding PUSCH power control, at least separate open loop power control parameter (e.g., P0) depending on traffic type (or BLER/latency requirement) needs to be further investigated. 

3. Conclusions

In this contribution, we discussed several PUSCH related techniques for URLLC in LTE. Based on the above discussions, our proposals are given as follows:
Proposal 1: Regarding HARQ-less PUSCH repetition, at least the following aspects need to be further investigated: 
· How to activate HARQ-less PUSCH repetition (with vs. without individual grant)

· How to inform UE of the number of repetitions (semi-static vs. dynamic indication)

· Whether to support inter-TTI frequency hopping during repetition
Proposal 2: Regarding UL SPS enhancement, at least the following aspects need to be further investigated: 
· Whether to support short periodicity for UL SPS with repetition
Proposal 3: Regarding lower MCS for PUSCH, at least the following aspects need to be further investigated: 
· How to support lower code rate (separate TBS scaling factor vs. separate MCS table)
· Whether to add new MCS entries / remove the existing MCS entries

Proposal 4: Regarding SR related enhancement, at least the following aspects need to be further investigated: 
· How to inform eNB of which traffic type requires scheduling request 

· Multiple SR resource configuration depending on traffic type 

· Multi-bit SR to indicate traffic type and/or buffer status

· BSR with indication of traffic type

Proposal 5: Regarding PUSCH power control, at least separate open loop power control parameter (e.g., P0) depending on traffic type (or BLER/latency requirement) needs to be further investigated. 
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