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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 PDSCH related techniques to enable URLLC in LTE. 
2. PDSCH related techniques for LTE URLLC
HARQ-less PDSCH repetition
In our view, HARQ-less PDSCH repetition is one of promising techniques for enabling URLLC in LTE. For HARQ-less PDSCH repetition, a few issues need to be taken into account. Firstly, how to enable/activate this HARQ-less PDSCH repetition should be investigated. It seems that HARQ-less PDSCH repetition can be supported by eNB’s back-to-back scheduling. More specifically, in case each of PDSCH transmission during repetition has its corresponding DL assignment, then eNB will transmit the DL assignments and the associated PDSCH in consecutive TTIs using the same HARQ process ID. Additionally, by utilizing the non-toggled NDI and the same DAI (if provided), a UE will assume HARQ-less PDSCH repetition as a retransmission of the same transport block. Alternatively, eNB will transmit only one (or smaller number of) DL assignment to schedule the same transport block for HARQ-less PDSCH repetition over multiple TTIs. 

One consideration point is how to configure/indicate the number of repetitions. For dynamic indication, control overhead will be increased while more rapid adaptation will be suppressed in case of semi-static indication. For both ways, the latency requirement should be also taken into account in order to properly set the number of repetitions. 
Another consideration point is how to define HARQ-ACK transmission timing. One possible approach is to let UE transmit each HARQ-ACK corresponding to individual PDSCH according to its pre-determined or configured (for subslot operation) processing time. For instance, if PDSCH is received in sTTI#0, 1, 2, and 3 repeatedly for one transport block, then the UE can transmit HARQ-ACK in sTTI#0, 1, 2, and 3 of the next subframe (assuming n+6 timing for subslot operation). This approach will result in less specification effort (at least from RAN1 perspective) and enable autonomous PUCCH repetition, however, may be hard to configure different number of repetitions between PDSCH and PUCCH since HARQ-ACK will be transmitted in consecutive TTIs in response to each of repeated PDSCH transmission. Furthermore, the impact on UE implementation seems non-negligible. 
Alternatively, defining HARQ-ACK timing from the last (or pre-defined/indicated) PDSCH can be considered. For instance, if PDSCH is received in sTTI#0, 1, 2, and 3 repeatedly for one transport block, then the UE can transmit the corresponding HARQ-ACK in sTTI#3 of the next subframe (assuming n+6 timing for subslot operation) and more HARQ-ACK will be transmitted over the following TTIs if HARQ-ACK repetition is to be supported. This approach requires specification efforts and additional latency. Also, in order to avoid DCI missing problem, some sort of indication to inform UE of which TTI is the last TTI (i.e., reference TTI to calculate HARQ-ACK timing) seems necessary. 
Or, HARQ-ACK can be transmitted as soon as the UE decodes PDSCH successfully. More specifically, if PDSCH is transmitted over multiple TTIs repeatedly for one transport block, and once a UE decodes PDSCH successfully before the end of the repetition, the UE will generate HARQ-ACK corresponding to the PDSCH, which reduces the latency compared with the case where the UE transmits HARQ-ACK at the timing counted from the last PDSCH reception among repeated PDSCH transmissions. In Figure 1, the above three approaches on how to define HARQ-ACK transmission timing are depicted in case HARQ-less PDSCH repetition is to be supported.
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Figure 1. Examples of HARQ-ACK transmission associated with PDSCH repetition
Proposal 1: Regarding HARQ-less PDSCH repetition, at least the following aspects need to be further investigated: 

· How to activate HARQ-less PDSCH repetition (with vs. without individual DL assignment)
· How to configure/indicate the number of repetitions
· How to define HARQ-ACK timing (HARQ-ACK repetition corresponding to PDSCH repetition vs. HARQ-ACK timing from the last PDSCH reception vs. early HARQ-ACK timing from the successful PDSCH reception)

Lower MCS for URLLC PDSCH
Given that HARQ-less PDSCH repetition is not always a viable option due to stringent latency requirement (e.g., 1ms latency bound), lower MCS operation should be taken into account for enabling LTE URLLC. Also, some extremely lower code rate would be necessary for higher reliability, which means that it might not be feasible with the current existing MCS entries without allocating huge RB allocation. Thus, similar to what has been done in sTTI and sPT WI, separate TBS scaling factor for lower code rate can be considered for URLLC PDSCH. Also, some of high MCS indices seems not be necessary any more since higher modulation order and higher TB size might not be useful considering the small packet size in URLLC requirement. Furthermore, considering compact DCI is one of potential options for URLLC, reducing the bit field size for MCS can be also taken into consideration by truncating a part of the higher MCS entries. 
Based on the above observations, the discussion points can be summarized as follows:
· 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 2: Regarding lower MCS for PDSCH, 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 
CSI related enhancement for URLLC
To meet URLLC requirement, it would be beneficial to improve the robustness of channel carrying CSI feedback. Considering that URLLC traffic may occur sporadically, more frequent CSI measurement/report for URLLC may be inefficient. For URLLC, it seems more desirable to consider aperiodic CSI feedback mechanism with more accurate and less delayed information. More specifically, faster CSI reporting can be considered compared with normal processing time between UL grant DCI and the corresponding PUSCH transmission. Correspondingly, CSI measurement to support such faster CSI reporting needs to be taken into account. CSI reporting with configurable contents of CSI can be taken into account for reliable transmission of the CSI. For example, CSI reporting for more stringent BLER requirement can be configured with some of CSI processes for which CQI will be derived by using the BLER requirement and also CQI table needs to be updated by adding/removing some entries depending on the support of lower MCS and/or PDSCH repetition. Correspondingly, such CSI reporting with more stringent BLER requirement would have higher priority than one with less stringent requirement. A UE behavior on CSI reporting needs to be investigated when CSI feedbacks with different BLER requirements are mixed up in one reporting instance. Also, CSI process related to more stringent requirement would have higher priority for CSI update.
Proposal 3: Regarding CSI related enhancement, at least the following aspects need to be further investigated: 
· BLER requirement configuration per CSI process (or per serving cell)
· Whether/how to add new CQI entries / remove the existing CQI entries

· How to handle the case where CSI feedbacks with different BLER requirements are mixed up in one reporting instance
3. Conclusions

In this contribution, we discussed several PDSCH related techniques for URLLC in LTE. Based on the above discussions, our proposals are given as follows:
Proposal 1: Regarding HARQ-less PDSCH repetition, at least the following aspects need to be further investigated: 

· How to activate HARQ-less PDSCH repetition (with vs. without individual DL assignment)
· How to configure/indicate the number of repetitions
· How to define HARQ-ACK timing (HARQ-ACK repetition corresponding to PDSCH repetition vs. HARQ-ACK timing from the last PDSCH reception vs. early HARQ-ACK timing from the successful PDSCH reception)

Proposal 2: Regarding lower MCS for PDSCH, 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 3: Regarding CSI related enhancement, at least the following aspects need to be further investigated: 
· BLER requirement configuration per CSI process (or per serving cell)

· Whether/how to add new CQI entries / remove the existing CQI entries

· How to handle the case where CSI feedbacks with different BLER requirements are mixed up in one reporting instance
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