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1	Introduction
RAN4#86bis initiated the issue on RLM for URLLC and sent an LS to RAN1 regarding RLM requirements for URLLC [1][2]. In this paper, an analysis of the RLM from the physical layer point of view is given.
2	RLM for HRLLC
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 the last meeting we wondered if a new set of Qin and Qout thresholds corresponding to hypothetical PDCCH BLER targets may be needed to meet the URLLC operation condition, and new set of Qin and Qout values expected to be lower than the corresponding values (2% and 10%) used in the exiting RLM requirements.  
Qin is typically reflecting the “admission cell edge” which is the required power for in sync to be established, while Qout reflects the cell “RLF cell edge” where the UE will start the radio link failure procedure. 
Figure 1 shows the CRS-based SPDCCH BLER performance with AL4 (assuming IS) and AL8 (Assuming OOS). Assuming 0.002% for Qin and 0.01% for Qout, it can be seen from the figure that legacy Qin and Qout for HRLLC would lie rather far away from the operating point of the HRLLC UE. Note HRLLC operates under normal TTI and sTTI. 
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[bookmark: _Ref513544047]Figure 1	Downlink control performance with and without CRS overhead. TDL-C channel 363ns 30km/h. 56 bits SPDCCH incl CRC, AL8. 
The quantities Qin and Qout guide cell selection and reselection. The quantities Qin and Qout are filtered measurements which are computed over a long time, meaning that URLLC and MBB subframes may be included in the measurements. In order to take into account the reliability of URLLC, the following option can be configured:
· Option A: keep the legacy Qin/Qout
· Option B: use URLLC tuned values 
[bookmark: _GoBack]The consequence of such an unadapted RLM (Option A) would be that URLLC traffic could be allowed in SNR regions where it is unfit for URLLC type operation. As an example, for proper operations the URLLC PDCCH BLER must lie around P(e)=2x10-4, meaning that the UE must tune Qin and Qout toward that value. One example is shown in green line in Figure 1, where the network starts letting radio links in from Qin=2x10-5, and trigger cell reselection at Qout=2x10-4. In Option A, keeping the legacy values for Qin and Qout means that MBB subframes should be able to operate as during legacy. However the coverage spanned by the Qin and Qout values may exceed the region where high reliability URLLC subframes can operate. Thus if the UE uses MBB values for Qin and Qout, the consequence is that the network would over admit URLLC traffic resulting in an inefficient use of the resources.
Observation 1: Legacy values for Qin and Qout are assumed for MBB operation and they are unadapted for URLLC operation
Observation 2: Legacy values for Qin and Qout would lead to inefficient use of resources.
In option B, the cell admission range covered by Qin and Qout is tuned to URLLC values. This means the cell range becomes smaller, but as channel variation is typically slow changing for URLLC traffic – for which typical applications are factory automation, power grid control and other low mobility applications, it is very likely that a UE will camp in an SNR region for a relatively long time. Thus the risk of being in and out of coverage can be considered low. Therefore, our opinion is that the impact cell reselection to MBB traffic should be minor. 
Observation 3: Imposing Qin and Qout values tuned for URLLC to MBB traffic should have a minor impact to MBB traffic.
In our view, Option B is suitable. However RAN1 is also discussing this issue based on LS From RAN4, and we need wait for RAN1 conclusion. 
Proposal 1: Modify the Qin/Qout values to support URLLC
Proposal 2: RAN1 wait for RAN1 conclusion on RLM for URLLC. 
3	Conclusions
Observation 1: Legacy values for Qin and Qout are assumed for MBB operation and they are unadapted for URLLC operation
Observation 2: Legacy values for Qin and Qout would lead to inefficient use of resources.
Observation 3: Imposing Qin and Qout values tuned for URLLC to MBB traffic should have a minor impact to MBB traffic.

Proposal 1: Modify the Qin/Qout values to support URLLC
Proposal 2: RAN1 wait for RAN1 conclusion on RLM for URLLC. 
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