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1 Introduction
The new WI on “Ultra Reliable Low Latency Communication for LTE” was approved for Rel-15. The work item has already started in other working groups especially in RAN1.
In this contribution we analyse the impact of introducing URLLC feature on RRM core requirements. 
2 WI Objectives affecting RRM Requirements
The objectives of the WI on URLLC based on the latest version of the WID are quoted below [1]. The areas which are related to RAN4 are shaded in yellow.

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.

· 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]

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.

Note: No impact to RAN4 core/performance requirements resulting from the solutions enabling the network to provide a sufficiently granular time reference value to a UE.
In summary to support URLLC operation the data channels and associated control channels in uplink and downlink have to be enhanced to meet the URLLC targets. 
3 Scope of RRM Requirements 
The WI objective clearly states that any enhancement related to the mobility and DRX are not within the scope of this WI. This means the existing RRM procedures can be used when the UE operates in URLLC mode. For example the UE shall perform cell reselection, measurements, handover etc according to the existing procedure and shall meet the corresponding requirements defined in TS 36.133. 
As outlined in the WI objective the major focus is on the enhancement of data channels and associated control channels in uplink and downlink to meet high reliability targets. These targets include:

· High reliability and low latency and

· High reliability only i.e. without low latency
RAN1 agreements on the above HRLLC targets are quoted below and also provided in an LS [2]:
RAN1 Agreements in RAN1#90bis Meeting (October 2017):

Agreement: URLLC for LTE should target the requirement defined by ITU, i.e., 10-5 error probability in transmitting a layer 2 PDU of 32 bytes within 1 ms. Additional less stringent requirements can be considered.

Agreement: In addition to (10-5, 1ms, 32 bytes packet), URLLC for LTE should target the requirement of 10-4 error probability in transmitting a layer 2 PDU of 32 bytes within 10 ms.

Conclusion:

It is expected that UEs can have URLLC traffic only and can have both eMBB and URLLC traffic.

To meet high reliability targets of 10-5 and 10-4 in URLLC the corresponding target BLER in URLLC needs to be much lower compared to the target BLER (e.g. 1% for control channel) traditionally used in LTE for MBB or eMBB services. Lower target BLER on control channel would impact RLM, which is further analysed below.
3.1 Impact on RLM Requirements
In the existing RLM requirements the UE compares the estimated downlink radio link quality with the thresholds Qout and Qin in order to detect out-of-sync (OOS) and in-sync (IS) respectively. The Qout and Qin thresholds are based on the hypothetical PDCCH BLER of 10% and 2% respectively.  
In URLLC the target PDCCH BLER shall be much lower compared to that used in the legacy LTE operation. Whether the corresponding signal quality (e.g. SNR) at which the UE should in-sync or out-of-sync in URLLC mode should also be much higher compared to that in legacy LTE operational mode depends on the enhancement of PDCCH/SPDCCH. Such enhancement can be realized by means of introducing enhanced features such as increased aggregation level, redundancy/repetition, reduced payload size etc. However solutions for such enhancements to achieve lower BLER targets are up to RAN1 discussion. 
· Observation 1: To meet URLLC targets the corresponding PDCCH BLER target will be much lower than in legacy LTE operation (eMBB). This will impact the RLM requirements.
· Proposal 1: The RLM requirements for URLLC are needed for new set of Qin and Qout thresholds corresponding to hypothetical PDCCH BLER targets. The new set of Qin and Qout values are expected to be lower than the corresponding values (2% and 10%) used in the exiting RLM requirements.  

As per RAN1 agreements high reliability targets of 10-5 and 10-4 are to be met for the case with low latency and without low latency respectively. These two cases may also lead to different target BLER on PDCCH. This means potentially RLM requirements will be required for the two cases. Especially if these targets correspond to different UE capabilities then RAN4 needs to define different requirements for different sets of hypothetical BLERs. However this needs further investigation.
· Observation 2: Different high reliability targets of 10-5 and 10-4 for the case with low latency and without low latency respectively may also require different BLER targets on PDCCH. 

· Proposal 2: RAN4 should further investigate whether same or separate sets of Qin/Qout are needed for the two main uses URLLC scenarios: ultrareliable with low latency case and ultrareliable only case. 
Another important aspect of RAN1 agreement (expressed above) is related to the fact that the UE may be have only URLLC traffic or it may have both eMBB traffic and URLLC traffic in parallel. From RLM requirements perspective, RAN4 should define requirements for both cases. For eMBB related traffic the the existing RLM requirements defined in TS 36.133 shall apply. For example in the latter case the UE will be required to operate two independent RLM procedures in parallel: one for URLLC and another one for eMBB. They will be associated with different BLER targets (Qin/Qout values). Furthermore there may be different BLER targets within URLLC e.g. different Qin/Qout for ultra reliable with and without low latency. To address these scenarios the UE should be aware of whether it has to perform RLM for URLLC or for eMBB or for both URLLC and eMBB. This may require some indication from the network. However these aspects need further investigation.  
· Observation 3: The UE can operate URLLC traffic only or both URLLC traffic and eMBB traffic in parallel. The latter case may also impact RLM requirements.

· Observation 4: The UE need to be aware of whether the UE has to perform RLM for URLLC or for eMBB or for both URLLC and eMBB.

· Proposal 3: RAN4 should further investigate the impact of parallel operation of URLLC traffic and eMBB traffic on the RLM requirements. 
4 Summary

In this paper we have analysed the scenarios and some aspects of the requirements for RRC connection release with Redirection in NR. The corresponding RAN2 work on the specification of the procedures is ongoing. However in the meantime RAN4 can start investigating RAN4 related aspects e.g. time to identify the target cell. The main proposals are:
· Observation 1: To meet URLLC targets the corresponding PDCCH BLER target will be much lower than in legacy LTE operation (eMBB). This will impact the RLM requirements.

· Observation 2: Different high reliability targets of 10-5 and 10-4 for the case with low latency and without low latency respectively may also require different BLER targets on PDCCH. 

· Observation 3: The UE can operate URLLC traffic only or both URLLC traffic and eMBB traffic in parallel. The latter case may also impact RLM requirements.
· Observation 4: The UE need to be aware of whether the UE has to perform RLM for URLLC or for eMBB or for both URLLC and eMBB.
· Proposal 1: The RLM requirements for URLLC are needed for new set of Qin and Qout thresholds corresponding to hypothetical PDCCH BLER targets. The new set of Qin and Qout values are expected to be lower than the corresponding values (2% and 10%) used in the exiting RLM requirements.  

· Proposal 2: RAN4 should further investigate whether same or separate sets of Qin/Qout are needed for the two main uses URLLC scenarios: ultrareliable with low latency case and ultrareliable only case. 
· Proposal 3: RAN4 should further investigate the impact of parallel operation of URLLC traffic and eMBB traffic on the RLM requirements. 
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