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[bookmark: _Ref165266342]1 Introduction
Based on RAN#95 way forward [1], some agreement are concluded shown below:
- 1a: As in the current input CRs for TSG RAN 95-e, based on explicit configuration, the UE evaluates the conditions to be fulfilled in order to allow the UE to relax RLM and BFD measurements, respectively. When the UE is allowed according to current configured criteria, the UE may decide to relax RLM BFD measurements.
- 1b: The RLM BFD measurements relaxed or non-relaxed status is indicated in RRC signaling to the gNB. RLM and BFD relaxation is indicated separately.
- 2: If RLM and or BFD relaxation indication is configured, the indication from the UE to the network is signaled when the UE changes relaxation of RLM and or BFD measurements from relaxed to non-relaxed state or from non-relaxed to relaxed state, subject to a signaling limitation, such as prohibit timer. The case of RLM and or BDF relaxation being configured, while the corresponding indication is not configured shall be supported (details TBD for CR discussion).
- 3: For RLM BFD relaxation indication, the RRC UE Assistance Information Message is used, where indication for RLM relaxation and BFD relaxation are separate indications and covered by separate prohibit timers.
Since UE Assistance Information (UAI) is agreed to be used for UE reporting, some details (e.g. reporting latency, prohibit timer) need to be considered. Also based on RAN2#118 agenda, RAN2 is suggested to continue discussing whether (and how) impact of signalling restriction (prohibit timer) to consistency of the state understanding between UE and gNB. Therefore, this paper provides some solutions for UE reporting design.
2 Discussion
[bookmark: _GoBack]2.1 Background
In Rel-17, RLM/BFD relaxation is introduced for UE power saving. Network can configure relaxation criteria (i.e. low mobility and good serving cell quality) to UE for determination of performing relaxed RLM/BFD monitoring. When UE fulfils/not fulfils the criteria, it can start/stop RLM/BFD relaxation by itself, which means no need for network explicit indication to enable/disable.
However it is very important for the network to understand the UE’s situation as much as possible even though the relaxation is allowed. Thus UAI is introduced to let UE report its relaxation state to network for better implementation.
2.2 Details of UE reporting
For UAI mechanism, usually a prohibit timer would be considered to avoid frequent transmission. When UE evaluates the relaxation criteria, the case of frequently entering/leaving criteria could happen especially when UE is in an unstable channel, shown in fig 1. When a UE who located around the threshold of the relaxation criteria experiences fluctuations of signal, if no prohibit timer is introduced, UE may frequently fulfil or not fulfil the relaxation criteria then cause lots of UAI transmission.


Fig.1 Frequent report
Observation 1: When a UE who located around the threshold of relaxation criteria experiences fluctuations of signal, if no prohibit timer is introduced, UE may frequently fulfil or not fulfil the relaxation criteria then cause lots of UAI transmission.
Firstly we would like to clarify that UAI transmission only happens when UE changes its relaxation state (i.e. if UE always keeps fulfilling criteria, UE will not report again unless its relaxation state toggled). Once UE transmits UAI when the relaxation state changed, it could start a prohibit timer. And UE cannot transmits UAI again when the timer is running. In this way, prohibit timer can be used for RLM/BFD relaxation to avoid UE frequently reporting.
Proposal 1: Introduce prohibit timer for UAI transmission of RLM/BFD relaxation to avoid UE frequently reporting.
However, on the other hand, if prohibit timer is used, gNB may not get informed about all relaxation state changes, some may be delayed due to prohibit timer running, shown in fig 2. A UE fulfils the relaxation criteria at T1, at the same time the UAI will be transmitted and the prohibit timer is started. But the UE is not fulfilling the criteria anymore at T2 while the timer is still running. If now UE leaves the relaxed state but send UAI after the timer expires, the state understanding between UE and gNB is not consistent.


Fig.2 Delayed reporting
Delayed reporting due to prohibit timer would prevent network from being aware of UE’s situation timely, causing the state understanding between UE and gNB is not consistent. It would be difficult for network to do some implementations. This is not an efficient way. Therefore, some solutions need to be considered to solve this issue.
Observation 2: Delayed reporting due to prohibit timer would prevent network from being aware of UE’s situation timely, causing the state understanding between UE and gNB is not consistent.
Here are some solutions to mitigate the delayed reporting issue:
Option 1
In order for the consistency of state understanding between UE and gNB, considering entering relaxed state to perform relaxed RLM/BFD monitoring is not so urgent. When UE fulfils the relaxation criteria, it performs relaxation only after the transmission of the UAI for entering relaxed state. By means of this way, although UE will perform relaxation a little bit later, it can make sure the state understanding between UE and gNB for entering relaxed state is consistent.
But it is noted that this method only works for the case of UE entering relaxed state, if UE is not fulfilling the criteria anymore, we believe this is an urgent trigger (i.e. the channel is unstable), UE should leave this relaxed state as soon as possible to perform normal RLM/BFD monitoring.
Therefore, the option 1 can be summarized as below:


Fig.3 Perform relaxation after UAI
Option 2
In order for decreasing the number of delayed reporting, the prohibit timer actually can operate on a set of relaxation decision, it means the timer only works at one side of either entering relaxed state or leaving relaxed state. For example, UE does not send UAI of entering relaxed state when timer is running, but sends UAI of leaving relaxed state no matter this timer is running or not, shown in fig 4.


Fig.4 Timer works at one side
The logical of fig.4 is that using prohibit timer to avoid UE reporting entering relaxed state over and over again (i.e. prevent signal overhead). By means of this way, although UE still can send UAI a little bit frequently, the state understanding between UE and gNB for leaving relaxed state is consistent (note that the inconsistency still exists when entering relaxed state). This is a balance between frequency and delayed reporting.
Option 3
Based on option 1 and 2 analysis above, we can see that for option 1, the state understanding between UE and gNB when UE leaves relaxed state is not consistent. For option 2, just the opposite of option 1, the state understanding when UE enters relaxed state is not consistent. Therefore, option 1 and 2 actually can be combined together.
That is to say, UE performs relaxation only after the transmission of UAI AND no prohibit timer limitation for UE leaving relaxed state.
Observation 3: Some solutions listed below can be considered to keep the state understanding between UE and gNB consistent in case that prohibit timer is introduced:
- Option 1: UE performs relaxation only after the transmission of UAI for entering relaxed state when fulfilling criteria, but should leave relaxed state immediately when not fulfilling criteria anymore.
- Option 2: UE does not send UAI of entering relaxed state when prohibit timer is running, but sends UAI of leaving relaxed state no matter this timer is running or not.
- Option 3: Combination of option 1 and 2, i.e. UE performs relaxation only after the transmission of UAI AND no prohibit timer limitation for UE leaving relaxed state.
Comparing the above solutions, option 3 is preferred from our perspective. By means of this way, not only the both sides of state understanding between UE and gNB is consistent (i.e. entering/leaving), but also the prohibit timer is introduced to avoid frequent report (i.e. prohibit timer only works for entering relaxed state).
Proposal 2: UE performs relaxation only after the transmission of UAI AND no prohibit timer limitation for UE leaving relaxed state.
More details is that if option 2 or 3 is adopted, whether the transmission of UAI for leaving relaxed state can restart the prohibit timer needs to be considered. From our point of view, the intension of prohibit timer is to restrict the signal overhead no matter whether it is entering or leaving condition. Therefore, it is better to start/restart the prohibit timer when UE transmits UAI of leaving relaxed state even if there is no limitation for UE leaving relaxed state. This can restrict UE to quickly transmit UAI of entering relaxed state again when UE experiences fluctuations of signal.
Proposal 3: If on prohibit timer limitation for UE leaving relaxed state, UE can still start/restart the prohibit timer when transmitting UAI of leaving relaxed state.
2.3 Configuration
According to previous discussion [1], there are still some arguments about whether the UE reporting mechanism is needed. So in order to reach consensus, it is better to confirm that making UE reporting and/or prohibit timer configurable as compromise, which is also a flexible way.
Considering RLM is used for SpCell and BFD is used for SpCell/SCells (i.e. all serving cells) meanwhile separate configuration (within SpCellConfig or SCellConfig) is applied to RLM and BFD respectively. Therefore, the enable/disable indication of UE reporting and/or prohibit timer can be introduced for every set of configuration. Example shown below:
[image: ]
Proposal 4: Confirm that the feature of UE reporting for RLM/BFD relaxation can be configurable.
Proposal 5: The feature of prohibit timer for RLM/BFD relaxation can be configurable.
3 Conclusions
Observation 1: When a UE who located around the threshold of relaxation criteria experiences fluctuations of signal, if no prohibit timer is introduced, UE may frequently fulfil or not fulfil the relaxation criteria then cause lots of UAI transmission.
Observation 2: Delayed reporting due to prohibit timer would prevent network from being aware of UE’s situation timely, causing the state understanding between UE and gNB is not consistent.
Observation 3: Some solutions listed below can be considered to keep the state understanding between UE and gNB consistent in case that prohibit timer is introduced:
- Option 1: UE performs relaxation only after the transmission of UAI for entering relaxed state when fulfilling criteria, but should leave relaxed state immediately when not fulfilling criteria anymore.
- Option 2: UE does not send UAI of entering relaxed state when prohibit timer is running, but sends UAI of leaving relaxed state no matter this timer is running or not.
- Option 3: Combination of option 1 and 2, i.e. UE performs relaxation only after the transmission of UAI AND no prohibit timer limitation for UE leaving relaxed state.
Proposal 1: Introduce prohibit timer for UAI transmission of RLM/BFD relaxation to avoid UE frequently reporting.
Proposal 2: UE performs relaxation only after the transmission of UAI AND no prohibit timer limitation for UE leaving relaxed state.
Proposal 3: If on prohibit timer limitation for UE leaving relaxed state, UE can still start/restart the prohibit timer when transmitting UAI of leaving relaxed state.
Proposal 4: Confirm that the feature of UE reporting for RLM/BFD relaxation can be configurable.
Proposal 5: The feature of prohibit timer for RLM/BFD relaxation can be configurable.
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