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1 Introduction

In RAN2 #99 meeting[1], it has been agreed that at least PHY informs RRC of periodic out-of-sync / in-sync indications and the RLM/RLF procedure in NR is quite aligned with that in LTE. 

Agreements

1
RAN2 understanding of RAN1 agreements that at least PHY informs RRC of periodic out-of-sync / in-sync indications.

2
Baseline behaviour when there are no indications from lower layers related to beam failure/recovery:


i/   RRC detects DL radio link problem if consecutive N1 number of periodic out-of-sync indications are received.


ii/  RRC stops the timer if consecutive N2 number of periodic in-sync indications are received while the timer runs. 

However, RAN1#90 meeting [2] has agreed that NR supports x in-sync BLERs and x out-of-sync BLERs for RLM, where 1 < x <= 3.

Agreements

1    NR supports x in-sync BLERs and x out-of-sync BLERs for a hypothetical PDCCH


•  The number of different BLER values x in the range of [1 < x <= 3]


•  FFS: One or more in-synch BLER and one or more out-of-synch BLER is configured per UE at a time


•  FFS: Default one in-synch BLER and one out-of-synch BLER values are used if not configured.


•  FFS: the values of the BLERs of for hypothetical PDCCH corresponding to x in-synch and x out-of-synch thresholds
In addition, based on the agreements of RAN1AH#3 meeting[3], a single IS/OOS BLER is configured for a UE at a time and two pairs of values for IS/OOS BLERs will be decided by RAN4.

Agreements

1     For a cell group, 


•  A single IS or OOS is reported by the UE 


•  A single IS BLER is configured for a UE at time


•  A single OOS BLER is configured for a UE at a time


•  Configurable from two pairs of values for IS/OOS BLERs


        - Detailed pair of values up to RAN4 to decide


• FFS whether the configuration is an explicit RRC configuration or implicitly derived from other parameter


• FFS the case of URLLC & mMTC

In RAN1#90bis meeting [4], it has been agreed that the IS/OOS threshold pair index to be used by a UE is explicitly indicated by RRC
Agreements

1    The IS/OOS threshold pair index to be used by a UE is explicitly indicated by RRC


•  IS/OOS threshold pair index corresponds to a specific IS/OOS threshold pair (to be defined by RAN4)


•  FFS on default IS/OOS threshold pair index

In this contribution, we will discuss some remaining issues on RLM/RLF procedures and focus on the IS/OOS counting procedure.
2 Discussion
In LTE, a UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the PCell and PSCell. The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to 10% block error rate of a hypothetical PDCCH. The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to 2% block error rate of a hypothetical PDCCH transmission. When the downlink radio link quality of the PCell or PSCell estimated over a given period becomes worse than the threshold Qout, Layer 1 of the UE shall send an OOS indication for the PCell or PSCell to the higher layers. When the downlink radio link quality of the PCell or PSCell estimated over a given period becomes better than the threshold Qin, Layer 1 of the UE shall send an IS indication for the PCell or PSCell to the higher layers. If L3 receives N310 consecutive OOS indications, T310 timer will start. Before expiry of T310, if L3 receives N311 consecutive IS indications, T310 stops. Otherwise, UE detects RLF if T310 expires. An example is shown in Fig.1.
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Fig.1. An example of RLM/RLF procedure in LTE

Based on the discussion in NR, the RLM/RLF procedure in NR is quite aligned with that in LTE. But a significant difference needs to be noted, which is NR supports more than one IS/OOS threshold pair to estimate the downlink radio link quality. In RAN1#90 meeting, it has been agreed that x in-sync BLERs and x out-of-sync BLERs are supported in NR, where 1 < x <= 3. Different values for IS BLERs and OOS BLERs can be used to monitor the downlink radio link quality for connections of different services, e.g. VoIP or non-VoIP. In addition, based on the agreements of RAN1AH#3 meeting and RAN1 90bis meeting, a single pair of IS/OOS BLERs is configured for a UE at a time which is chosen from two pairs of values for IS/OOS BLERs. Thus, the RLM procedure (includes IS/OOS indication, IS/OOS counting and RLF trigger) is a service based procedure and only a single RLM procedure works at a time.

Table 1. An example of the service based IS/OOS BLER pairs

	Criterions for radio link quality monitoring
	OOS BLER
	IS BLER
	Related Services

	Criterion 1

(IS/OOS threshold pair 1)
	M1 (e.g. 10%)
	N1 (e.g. 2%)
	Insensitive to channel quality

	Criterion 2

(IS/OOS threshold pair 2)
	M2 (e.g.  5%)
	N2 (e.g. 1%)
	Sensitive to channel quality


Table 1 gives an example of the service based IS/OOS BLER pairs. When a UE works in services which are sensitive to channel quality, it can monitor the downlink radio link quality based on criterion 1. Otherwise, it needs to monitor the channel quality based on criterion 2. In addition, some special cases shall be considered, e.g. while a UE which is counting IS/OOS switches from monitoring criterion 1 to criterion 2, whether the IS/OOS counter needs to be reset or not?
For detailed discussions, this question is divided into 4 different cases as following:
Scenario 1: The UE is counting OOS (before T310 is set)
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Fig. 2. An example of service based OOS counter (not be reset)
Case 1-1: The UE switches from monitoring criterion 1 to criterion 2
Since M1 is greater than M2, an OOS indication based on M1 must be an OOS indication based on M2. So when the UE switches from monitoring criterion 1 to criterion 2, the counter for OOS should not be reset, as shown in Fig 2.
Proposal 1: When a UE switches to a new OOS criterion which is more sensitive to channel quality, the counter for OOS should not be reset.
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Fig. 3. An example of service based OOS counter (be reset)
Case 1-2: The UE switches from monitoring criterion 2 to criterion 1

Since M2 is less than M1, an OOS indication based on M2 may not be an OOS indication based on M1. So when the UE switches from monitoring criterion 2 to criterion 1, the counter for OOS should be reset, as shown in Fig 3.
Proposal 2: When a UE switches to a new OOS criterion which is less sensitive to channel quality, the counter for OOS should be reset.
Scenario 2: The UE is counting IS(after T310 is set)
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Fig. 4. An example of service based IS counter (be reset)
Case 2-1: The UE switches from monitoring criterion 1 to criterion 2

Since N1 is greater than N2, an IS indication based on N1 may not be an IS indication based on N2. So when the UE switches from monitoring criterion 1 to criterion 2, the counter for IS should be reset, as shown in Fig 4.
Proposal 3: When a UE switches to a new IS criterion which is more sensitive to channel quality, the counter for IS should be reset.
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Fig. 5. An example of service based IS counter (not be reset)
Case 2-2: The UE switches from monitoring criterion 2 to criterion 1
Since N2 is less than N1, an IS indication based on N2 must be an IS indication based on N1. So when the UE switches from monitoring criterion 2 to criterion 1, the counter for IS should not be reset, as shown in Fig 5.
Proposal 4: When a UE switches to a new IS criterion which is less sensitive to channel quality, the counter for IS should not be reset.
3 Conclusion

In this contribution, we give our considerations on the IS/OOS counting procedure. Based on the above discussions, the following proposals are drawn.
Proposal 1: When a UE switches to a new OOS criterion which is more sensitive to channel quality, the counter for OOS should not be reset.
Proposal 2: When a UE switches to a new OOS criterion which is less sensitive to channel quality, the counter for OOS should be reset.
Proposal 3: When a UE switches to a new IS criterion which is more sensitive to channel quality, the counter for IS should be reset.
Proposal 4: When a UE switches to a new IS criterion which is less sensitive to channel quality, the counter for IS should not be reset.
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