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1. Introduction

In RAN#76, 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 are given as the below table:
	Phase 1 (till RAN#79)

· Identify improved communication reliability and different latency constraints combinations for both wide and local area deployments [RAN1]

· Consider the ITU IMT-2020 and the 3GPP TR 38.913 requirements on URLLC and the ability to enable the network to operation with a range of reliability targets and latency constraints.
· Identify any potential new evaluations scenarios [RAN1]

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.
· 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]

Any solutions considered shall be backward compatible with the existing LTE system and shall not require changes to key LTE properties such as the frame structure, numerology and physical channel coding.

Note: Enhancements to mobility and DRX are not considered as part of this WI.

Note: Enhancements to control plane latency and LTE channel access procedures are not considered as part of this WI. 

Note: Multiplexing of URLLC and (e)MBB type of traffic within the same cell should be supported.


In this contribution, we discuss several potential techniques enabling URLLC in LTE. 
2. Potential techniques for URLLC in LTE
DL control channel for URLLC
Considering ultra-reliability aspects of overall DL transmission and UL transmission, it would be more important to enhance reliability of sPDCCH compared to sPDSCH or sPUSCH. To be specific, if retransmission is assumed to be used for ultra-reliability requirements, sPDSCH or sPUSCH decoding can be performed after combining coded bits from initial transmission and its retransmission. In this case, BLER requirements of a single PDSCH or PUSCH transmission could be relaxed. Instead, since UE may need to detect both sPDCCH scheduling initial transmission and its retransmission, BLER requirement for sPDCCH needs to be small enough. For a simple analysis, if BLER of sPDSCH or sPUSCH after combining coded bits from initial transmission and retransmission is 0 and error free for HARQ-ACK feedback, BLER requirement of sPDCCH to achieve BLER of 1e-5 without sPDSCH or sPUSCH enhancement (e.g. target BLER=0.1) is set to be 5e-4. When PUCCH DTX-to-ACK error probability is set to 1e-2 and NACK-to-ACK probability is set to 1e-3, BLER requirement of sPDCCH to achieve BLER of 1e-5 without sPDSCH or sPUSCH enhancement will be 1e-5.
To lower the code rate of sDCI for ultra-reliability requirements, it may need to investigate how to increase aggregation level to be used for PDCCH transmission. In this case, following approaches can be considered: 
· Option 1: A sPDCCH candidate is mapped on a single control RB set supporting higher maximum aggregation level. 
· Option 2: A sPDCCH candidate can be mapped on multiple control RB sets supporting low to moderate maximum aggregation level. 
In case of Option 1, a control RB set may need to be allocated with wide range of frequency resources and/or a number of time-domain resources to have sufficiently large number of CCEs to support higher aggregation level. This approach would be beneficial in terms of specification work since mapping rule for sREG-to-sCCE and sCCE-to-sPDCCH could be the same regardless of a set of aggregation levels to be used for sPDCCH. Meanwhile, it is necessary to investigate the impact on blocking among sPDCCH candidates. To be specific, depending on the sCCE-to-sPDCCH mapping and given time-and-frequency resources, extremely high aggregation level could increase blocking probability. To address this blocking issue by adopting higher ALs, one potential approach is to build up higher AL candidate by aggregating lower AL candidates. For example, a candidate of AL 16 can be formed as a candidate from AL 8 + two candidates from AL 4. There needs to be some mapping rules between lower AL candidates to a higher AL candidate, but by this way, increased blocking due to higher AL can be reduced. 
In Option 2, each component control RB set to make a sPDCCH with higher aggregation level does not need to have excessive number of time-and-frequency resources. Instead, it is necessary to design how to map a sPDCCH candidate over multiple control RB sets. Considering blocking probability, it can be considered that a sPDCCH candidate with higher aggregation level is constructed by combining multiple set of sPDCCH candidates mapped on different control RB sets. For instance, for a certain aggregation level (e.g. 8), sPDCCH candidate #m in a control RB set and sPDCCH candidate #m in another control RB set could be combined to make a sPDCCH candidate with higher aggregation level (e.g. 16). 
For both cases, it is necessary to investigate how to perform BD handling for sPDCCH monitoring. For simplicity, sPDCCH candidates to be monitored could be updated depending on the supporting aggregation level set. In this case, the number of sPDCCH candidates for lower aggregation level could be reduced. Alternatively, it can be considered that the same DCI is repeatedly transmitted multiple sPDCCH candidates. 
Proposal 1: To support high aggregation level (e.g. 16, 32), a single PDCCH candidate is constructed by combining multiple sPDCCH candidates. 
To enhance detection performance of sDCI, one approach would be to reduce sDCI payload size. First of all, it can be considered to reduce bit field size for resource allocation. In case, contiguous resource allocation would be beneficial in terms of sDCI payload size reduction. For simplicity, RIV-based approach as in LTE DL RA type 2 or UL RA type 0 could be a starting point for resource allocation. Moreover, if the granularity of resource allocation is set to multiples of RBs, the sDCI payload size could be further reduced. Considering URLLC traffic can be multiplexed with other traffic (e.g. (e)MBB), the granularity of resource allocation can be simply set to RBG. Next, to achieve frequency diversity, the contiguously allocated virtual RBs can be distributed over the system bandwidth. In this case, sDCI could indicate whether localized virtual RB (LVRB) or distributed virtual RB (DVRB) is used. To minimize DCI overhead, this can be also semi-statically configured whether to assume LVRB or DVRB. Furthermore, when DVRB is used, the relevant information of mapping rule between virtual RB and physical RB could be further indicated by sDCI or semi-statically configured, and its granularity could be also RBG to support efficient multiplexing multiple sPDSCH or sPUSCH as much as possible. 
Proposal 2: Support compact resource allocation with both LVRB and DVRB mapping for compact sDCI. 
Proposal 3: Bit field sizes for frequency-domain resource allocation is reduced for compact sDCI compared to normal sDCI.
Diversity techniques for URLLC
One approach for higher reliability can be a repeated transmission in time domain. For enabling higher reliability with a given latency requirement, it would be necessary to find the adequate number of repetitions for a certain channel transmission since there will be a trade-off between reliability and latency when using a repeated transmission in time domain. For time domain repetition, how to indicate the number of repetitions, how to reduce DMRS overhead, how to enable early termination once a channel is successfully decoded, etc should be taken into account. For example, as supported in short TTI, DMRS may not be transmitted in every repetition or sTTI. Rather, a subset of repetitions or sTTIs can carry DMRSs to minimize overhead. Secondly, frequency diversity can be also considered for URLLC in LTE. In DL, frequency hopping or distributed transmission would be helpful. On the other hand, in UL, different frequency diversity scheme can be envisioned considering the nature of SC-FDMA. For instance, TB/CBG repetition or segmentation over different carriers can be beneficial to achieve the frequency diversity. In this case, the issue might be how to indicate such repetition or segmentation over CA, how to retransmit for the repeated or segmented initial transmission, and so on. Moreover, PUCCH can be repeated or segmented by using secondary cell(s) as well as the primary cell if the UE is non-power-limited. 
Proposal 4: Time/frequency diversity should be taken into account for enabling URLLC. 
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. 
Proposal 5: UE can be configured with SR resource configurations for different service requirement (e.g. latency) and/or scheduling unit.
Proposal 6: UE can be configured with multiple SR resource configuration for a given service requirement (e.g. latency) and/or scheduling unit to transmit other information (e.g. BSR).
To remove the latency between SR and UL grant reception, one of potentially viable approaches is to allocate persistent resource to UE. Since LTE rel-8, UL semi-persistent scheduling (SPS) operation has been used for reducing uplink signalling overhead and latency. For enabling URLLC in LTE, UL transmission without UL grant should be further investigated. Considering URLLC traffic is typically sporadic, the legacy SPS (or SPS-like) operation might not be always appropriate from the perspective of resource utilization efficiency. Rather, allocating the same resource to multiple UEs can be considered, however, such contention-based UL transmission would result in UL collision problem among UEs and thereby the performance degradation is expected, which seems to be a bottleneck for achieving URLLC requirement. 
Proposal 7: For URLLC, UL transmission without UL grant needs to be further investigated with dedicated resource configuration per UE and/or shared resource allocation to multiple UEs.
HARQ-ACK related enhancement for URLLC
For HARQ procedure, both ACK-to-NACK and NACK-to-ACK errors should be carefully handled in order to meet URLLC requirements. Depending on packet size, ACK-to-NACK error performance may need to be enhanced. For example, in case one packet is split into multiple segments and conveyed to UE through multiple PDSCHs, ACK-to-NACK error will result in unnecessary retransmission and thus induce resource waste since the resource for retransmission will be used for other new transmission if ACK-to-NACK error does not happen. In order to mitigate ACK-to-NACK error, reliability of A/N transmission can be enhanced. Moreover, to reduce unnecessary retransmission upon ACK-to-NACK error, it can be considered that a UE transmits early termination acknowledgment when the UE has detected retransmission DCI for the previous PDSCH which has been successfully received. In this case, a gNB can recognize that the PDSCH is successfully decoded by the UE and can schedule new data transmission more rapidly without awaiting HARQ-ACK feedback for the PDSCH. Such early termination signaling can be transmitted right after the detection of DCI scheduling unnecessary retransmission. Eventually, such early termination of unnecessary retransmission may provide faster scheduling opportunities and thereby improve reliability as well as latency. 

NACK-to-ACK error may deteriorate overall performance in terms of latency and reliability. If a gNB misidentifies NACK to ACK for a PDSCH, it will schedule new transmission instead of retransmission of the PDSCH, which consequently will bring a failure of the PDSCH decoding. One mechanism to enhance reliability is to repeat HARQ-ACK bits in multiple domain such as time/frequency/code resources and modulated symbols. Another mechanism is to allocate time/frequency/power resources to NACK state and ACK state differently. For instance, multiple PUCCH resources can be pre-configured and each of HARQ-ACK states is distinguished by combinations of different resources and modulated symbols, and all combinations excluding a combination for ACK state can be regarded as NACK. More specifically, for 1 bit HARQ-ACK, if ACK state is indicated by (PUCCH resource#1, modulated symbol#1) while NACK state is indicated by (PUCCH resource#2, modulated symbol#2), then all other combinations will be treated as NACK unless a UE detects modulated symbol#1 on PUCCH resource#1. For another example, UL power control parameter(s) might be applied to ACK and NACK states differently. More power can be used for indicating ACK state compared to NACK state. Overall, further investigation on how to suppress NACK-to-ACK error is necessary.  

Proposal 8: For enabling URLLC, early termination of retransmission can be considered to mitigate ACK-to-NACK error. 

Proposal 9: Further investigation on how to suppress NACK-to-ACK error and/or ACK-to-NACK is necessary.  

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 different CSI contents and/or feedback mechanism can be considered. It may be necessary to investigate priority rule among different CSI feedbacks with different BLER requirements. Also, CSI process related to more stringent requirement would have higher priority for CSI update. 
Proposal 10: Further investigation on CSI feedback mechanism depending on target requirement is needed. 
3. Conclusions

In this contribution, we discussed several potential techniques for URLLC in LTE. Based on the above discussions, our proposals are given as follows:
Proposal 1: To support high aggregation level (e.g. 16, 32), a single PDCCH candidate is constructed by combining multiple sPDCCH candidates. 
Proposal 2: Support compact resource allocation with both LVRB and DVRB mapping for compact sDCI. 
Proposal 3: Bit field sizes for frequency-domain resource allocation is reduced for compact sDCI compared to normal sDCI.
Proposal 4: Time/frequency diversity should be taken into account for enabling URLLC. 
Proposal 5: UE can be configured with SR resource configurations for different service requirement (e.g. latency) and/or scheduling unit.
Proposal 6: UE can be configured with multiple SR resource configuration for a given service requirement (e.g. latency) and/or scheduling unit to transmit other information (e.g. BSR).
Proposal 7: For URLLC, UL transmission without UL grant needs to be further investigated with dedicated resource configuration per UE and/or shared resource allocation to multiple UEs.

Proposal 8: For enabling URLLC, early termination of retransmission can be considered to mitigate ACK-to-NACK error. 

Proposal 9: Further investigation on how to suppress NACK-to-ACK error and/or ACK-to-NACK is necessary.  

Proposal 10: Further investigation on CSI feedback mechanism depending on target requirement is needed. 
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