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1. Introduction

RAN4 discussed the RLM requirements for NR, and a test proposal of RLM was approved in [1]. However, the following aspects need to be further studied in RLM core requirements.
	· Hypothetical PDCCH transmission parameters

· Parameters include DCI format, aggregation level, control symbol number etc.
· BLER levels to derive Qin and Qout

· One pair of BLER values is ([10%], [2%]) for (Qout and Qin), the other one is FFS.

· Evaluation period 
· It will be determined based on link level simulation.
· Periodicity of periodic IN/OOS indication
· It will be measurement interval for RLM monitoring.


In this contribution, we will provide our further considerations on RLM requirements for NR.
2. Discussion
Based on the existing agreements on RLM in NR, we provide discussion on the following aspects in this section.
· Hypothetical PDCCH transmission parameters

In LTE, DCI format 1A will be most likely used for PDCCH transmission when the link quality starts to degrade, and DCI format 1C will be most likely used for PDCCH transmission when the link quality starts to recover. So, format 1A is defined for out-of-sync detection and format 1C is defined for in-sync detection. The DCI contents and formats are still not concluded in RAN1. The similar method in LTE could be reused for defining DCI format in NR.
In LTE, the DCI payloads are approximately 30 to 40 bits. Among the hypothetical PDCCH transmission parameters, the PDCCH aggregation level is defined as 4 CCEs (equivalent to 144 REs) for in-sync detection and 8 CCEs (equivalent to 288 REs) for out-of-sync detection.
Based on the current agreements and discussions on NR DCI contents in RAN1, it can be observed that some fields in the DCI of LTE might be reused and some new fields might be added. Although the DCI contents for NR have not been finalized in RAN1, but it could be foreseen that the DCI size in NR will be larger than the DCI size in LTE. In order to achieving the comparable downlink coverage with LTE, the resources used for NR PDCCH transmission shall also be larger than that used in LTE. According to the definition of aggregation level in TS 38.211, one CCE defined in NR consists of 72 REs, which is twice of CCE size in LTE. In NR, the PDCCH aggregation level is suggested to be same values as defined in LTE, as the size of resources used for PDCCH transmission will be doubled in NR.
Proposal 1: For hypothetical PDCCH transmission parameters, the PDCCH aggregation levels in NR are suggested to be the same values as defined in LTE.
In LTE, The number of control symbols used for PDCCH transmission is defined as bandwidth-specific. The number of control symbols is differently defined under different bandwidth range. In NR, RAN1 agreed to support control region with 1/2/3-symbol. The number of control symbol for NR PDCCH transmission can be specified in same way as in LTE. The bandwidth range applied for each configuration of control region need to be defined to provide sufficient resources for the corresponding PDCCH aggregation level.
According the above discussion, the PDCCH aggregation level is suggested as 8 CCEs (equivalent to 576 REs) for out-of-sync detection. For control region with 1 symbols, the bandwidth for PDCCH transmission shall at least be 48 RBs. For control region with 2 symbols, the bandwidth for PDCCH transmission shall at least be 24 RBs. Hence, the following is proposed for defining the control symbol number of hypothetical PDCCH transmission in NR.
Proposal 2: For hypothetical PDCCH transmission parameters, the number of control symbol in NR is suggested to be bandwidth-specific and could be defined as follows:
· 1 symbol, for bandwidth ≥ 48RBs
· 2 symbol, for 24RBs ≤ bandwidth < 48RBs
· 3 symbol, for bandwidth < 24RBs
· BLER levels to derive Qin and Qout

RAN4 need to define two pairs of BLER values to derive the threshold Qout/Qin and which pair of BLER values will be applied depends on network configurations. Currently, RAN4 agreed that one pair of BLER values is [10%, 2%] for Qout/Qin and the other pair needs further study. Generally, the MCS level used for PDCCH transmission is usually lower than the MCS level used for PDSCH transmissions as to achieve a more reliable transmission. When the PDCCH BLER is 2%, the PDSCH BLER at the same SINR level is likely higher than 2% (e.g. 10%). When the PDCCH BLER is 10%, the PDSCH BLER at the same SINR level is likely higher than 10% (e.g. 50%).
For the services requiring a higher reliability transmission, the tolerant of packet loss is very low, such as even 1% packet loss may “significantly degrade” a VoIP call. For those high reliable services, UE may be required to detect link quality problem early. When the PDSCH BLER is 1%, the PDCCH BLER at the same level is likely much lower than 1%. So, the other pair of BLER values is suggested to be lower the values of [10%, 2%].
Proposal 3: For deriving the threshold Qout/Qin, it is suggested to define a pair of BLER values smaller than [10%, 2%] for those services which require a higher reliability transmissions, such as VoIP.
· RLM Evaluation period

In last RAN4 meeting, some companies provided the simulation results of SSB based RLM evaluation period [3-7]. Based on those results, it seems that the RLM evaluation period with 5 or 10 SS block samples are suitable for SS block based RLM. In LTE, the in-sync evaluation window is shorter than the out-of-sync evaluation window in order to quickly detect in-sync indication when the link quality is recovered. The similar methodology can be reused in NR. Hence, the RLM evaluation periods for out-of-sync indication and in-sync indication are suggested as 10 SS block samples and 5 SS block samples respectively.
In NR, the SS block based RRM measurement timing configuration (SMTC) will be configured by network. The SMTC periodicity can be configured as one value of {5, 10, 20, 40, 80, 160} ms. UE perform RLM procedure in order to provide a certain long-term link quality information. If the SMTC periodicity is configured as 5ms, the RLM evaluation periods for out-of-sync indication and in-sync indication would be 50ms or 25ms respectively. The RLM evaluation period may be too short to cause frequent out-of-sync indication and in-sync indication. A minimum value is suggested to be defined for RLM evaluation period. For out-of-sync indication, the minimum value of RLM evaluation period is suggested to be 200ms. For in-sync indication, the minimum value of RLM evaluation period is suggested to be 100ms.
Based on the above analysis, the following is proposed for the SS block based RLM evaluation period:
Proposal 4: For SS block based RLM in NR, the RLM evaluation period is suggested be defined as:
· max[200ms, 10*SMTC periodicity] for out-of-sync indication
· max[100ms, 5* SMTC periodicity] for in-sync indication
· Periodicity of IN/OOS indication

The periodicity of IS/OOS indication can be defined as the RLM-RS transmission periodicity. For SS block based RLM, the UE monitors the radio link quality every SMTC periodicity, such that new SS block sample is available for every RLM evaluation window.
Proposal 5: For SS block based RLM, the periodicity of IS/OOS indication can be defined as one SMTC periodicity.

3. Conclusions

This contribution provides the analysis on RLM requirements in NR. The following proposals are provided:
Proposal 1: For hypothetical PDCCH transmission parameters, the PDCCH aggregation levels in NR are suggested to be the same values as defined in LTE.
Proposal 2: For hypothetical PDCCH transmission parameters, the number of control symbol in NR is suggested to be bandwidth-specific and could be defined as follows:
· 1 symbol, for bandwidth ≥ 48RBs
· 2 symbol, for 24RBs ≤ bandwidth < 48RBs
· 3 symbol, for bandwidth < 24RBs
Proposal 3: For deriving the threshold Qout/Qin, it is suggested to define a pair of BLER values smaller than [10%, 2%] for those services which require a higher reliability transmissions, such as VoIP.
Proposal 4: For SS block based RLM in NR, the RLM evaluation period is suggested be defined as:

· max[200ms, 10*SMTC periodicity] for out-of-sync indication
· max[100ms, 5* SMTC periodicity] for in-sync indication
Proposal 5: For SS block based RLM, the periodicity of IS/OOS indication can be defined as one SMTC periodicity.
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