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1	Introduction
As part of the WI on Integrated Access and Backhaul for NR, the specification of RF and RRM core requirements for IAB nodes is already captured in the IAB WID. In the last few meetings, many have heatedly discussed on RRM requirement needs for IAB supported by RAN4. The downlink radio link quality is monitored by a UE for the purpose of indicating out-of-sync/in-sync status to higher layers. Likewise, the same capability should be possessed of IAB-MT and corresponding requirement be defined, which was also proposed by companies. In RP#86 meeting, a way-forward regarding to IAB-MT RRM requirement (RP-193199 [1]) was approved, which is captured as following: 
	· RAN4 will introduce RLM and BFD/BFR requirements for the MT targeting certain scenarios classes depending on RAN4 definition
· Requirements will be defined for scenarios not targeting macro type of deployments. No requirements will be defined for scenarios targeting macro type of deployments:
· If multiple MT classes (e.g. macro type, pico type deployments) are defined, the requirements should be defined only for the MT classes not targeting macro type of deployment.
· If a single MT class is defined, the requirements should be defined for the DU class not targeting DU macro type of deployment. 
· Rel.15 UE requirement framework for RLM and BFD/BFR will be taken as baseline


In the last meeting, RAN4 agreed on defining IAB RLM requirement in non-DRX mode only. In this contribution, we would like to continue discussing on radio link monitoring (RLM) requirement for IAB-MT on the basis of previous discussion and agreements.

2 RLM requirement for IAB
IAB serves as a novel technique to support for wireless backhaul and relay links enabling flexible and is deployed densely in NR cell without the need for densifying the wired transport network proportionately. The existing RLM requirement for UE in TS 38.133 [2] requires the UE to monitor the quality of multiple RLM-RS periodically to detect IS and OOS detection for the sake of re-establishment of the connection upon radio link failure.
Considering the fixed IAB in Rel-16, it indeed implies simpler case for MT radio link monitoring, and the requirement correspondingly, as the radio propagation environment would not be changed too frequently as UE. Thus we can expect a much simplified radio propagation compared to UE RLM procedure for IAB-MT. 

Observation 1: Consider non-mobility IAB in Rel-16, RLM procedure for IAB-MT would be much simpler compared to UE’s procedure. 

3 RLM Requirement Analysis

As shown in previous contributions, though in Rel-16 the IAB is assumed fixed in location and the connection between MT and DU would be more stable than normal UE, MT still could experience radio link deterioration due to unexpected blockage. Considering this deterioration may be probably caused by external environment change, here the channel between the MT and DU could be modeled as a very slow fading channel in time scale with comparatively large coherence bandwidth.
Considering this kind of channel characteristics, for the lower frequency band, radio signal can be hardly total blocked since IAB deployment should be well designed before it is installed. It means the radio link failure will be less possible than occurred on UE. On the other hand, the radio propagation on mmWave band usually has less radio paths and rays than carriers of lower frequency. Normally it is assumed that in mmWave band most power will concentrate on the LoS path, so it seems the radio link would be more fragile than lower frequency. It is however in practice the local area IAB will be deployed along a street or stick to a building, in which case at least 1 or 2 alternative paths may be generated by the reflector close to MT. 
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Fig. Possible blockage on LoS path where link can be recovered by beam switching
Therefore, channel between MT and DU would be a very slow changing channel, with very small delay spread as well as very small Doppler spread, but not merely single path channel. Consequently, the coherent time of the channel between MT and DU will be increased. Even if unexpected blockage occurs, radio link can be probably recovered by beam failure recovery procedure, switching itself to another beam to the alternative path. This can secure no radio link failure easily occurs.

Observation 2: Even if unexpected blockage occurs, temperately link outage can be quickly recovered by beam failure recovery procedure where MT switches active beam to the alternative path to maintain the link.

Observation 3: Compared to UE, radio link failure has much less chance to happen for IAB.

To summary, the channel between MT and DU can be hardly experience radio link failure. In light of this, previous RLM requirement for rel-15 UE can be much relaxed in order to save the radio resources for other purposes.

Proposal 1: Apply relaxed RLM requirement of NR UE to the requirement of IAB-MT.

The time of Evaluation period for RLM requirement for UE in TS 38.133 [2] is captured below (for clarity only SSB based tables are listed): 
	
Table 8.1.2.2-2: Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR2
	[bookmark: _Hlk513850590]Configuration
	TEvaluate_out_SSB (ms) 
	TEvaluate_in_SSB (ms) 

	no DRX
	Max(200, Ceil(10  P  N)  TSSB)
	Max(100, Ceil(5  P  N)  TSSB)

	DRX cycle≤320ms
	Max(200, Ceil(15  P  N)  Max(TDRX,TSSB))
	Max(100, Ceil(7.5  P  N)  Max(TDRX,TSSB))

	DRX cycle>320ms
	Ceil(10  P  N)  TDRX
	Ceil(5  P  N)  TDRX

	NOTE:	TSSB is the periodicity of the SSB configured for RLM. TDRX is the DRX cycle length.






As mentioned above, the channel state for MT is more stable than for UE. The existing evaluation period in the table is no longer suitable for MT since it is defined for UE which may move quickly or self-rotate, leading to quick channel state changing. Now that IAB-MT channel experience a comparatively long coherence time where the LoS propagation or less number of path can be expected, it is necessary to have RLM requirement for the scenario. To allow more samples for evaluation period is reasonable in the case, i.e. improve the number of samples (10 and 5 in above table) in UE requirement. Also, the lower boundary (200 and 100 in above table) of Evaluation Period should be increased accordingly for both cases of SSB and CSI-RS as RLM-RS resource.

Proposal 2: For IAB RLM requirement, increase the number of samples and the lower boundary of the Evaluation Period in both SSB and CSI-RS based measurement cases.

Another benefit for defining a relaxed RLM requirement for IAB is to save the monitoring overhead since IAB node is expected to be busier, or in other words, higher throughput than a normal UE. In UE RLM requirement, there is significant factor to calculate the time of evaluation period, i.e. the sharing factor P in TS 38.133, for both SSB case and CSI-RS case. 
Indeed UE has many types of reference signals to do RLM, measurement, beam management and the like, thus the sharing factor is quite important for defining UE RRM requirement. Yet compared to a UE which is always short of reference signal in NR, IAB do not need to do overburdened works as UE does. On the other hand, UE indeed cannot support to long evaluation period considering mobility, but IAB can do that as the aforementioned. 
Therefore, if the evaluation period for IAB RLM is largely increased from that of UE, the sharing factor P is no longer important for IAB since the conflict of reference signal for different purposes will be relieved to a large extent. In this case, the sharing factor P is not necessary and can be omitted in IAB RLM requirement. As no requirement of measurement is defined for MT now, MT may not have too many reference signal conflict as UE. Besides, the sharing factor P brought a great complexity to current Evaluation Period computation of UE RLM requirement, and remove the P could lead to a simple and clear specification.
To summary, the evaluation period of RLM for IAB could be increased and the sharing factor P is not necessary any more. 

Proposal 3: Remove the sharing factor P in Evaluation Period calculation for IAB RLM requirement provided that the number of samples is increased and the lower boundary is relaxed.

And considering one typical value P = 3 in evaluation period of RLM, the scaling factor for increasing the number of samples and the lower boundary of IAB RLM requirement can be 5. 

[bookmark: _GoBack]Proposal 4: The Evaluation Period for IAB RLM requirement could be relaxed as follows.

Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR1
	Configuration
	TEvaluate_out_SSB (ms)
	TEvaluate_in_SSB (ms)

	no DRX
	Max([1000], [50]  TSSB)
	Max([500], [25]  TSSB)

	NOTE:	TSSB is the periodicity of the SSB configured for RLM.



Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR2
	Configuration
	TEvaluate_out_SSB (ms)
	TEvaluate_in_SSB (ms)

	no DRX
	Max([1000], Ceil([50]  N)  TSSB)
	Max([500], Ceil([25]  N)  TSSB)

	NOTE:	TSSB is the periodicity of the SSB configured for RLM.





4 Conclusion

In this paper, we analyze the radio link monitoring requirement for IAB-MT, clearly showing that the IAB RLM requirement can be defined based on the UE RLM requirement and how could it be modified from existing UE requirement to fit IAB scenario. We have made the following proposals for helping define the IAB RLM requirements.
Observation 1: Consider non-mobility IAB in Rel-16, RLM procedure for IAB-MT would be much simpler compared to UE’s procedure. 
Observation 2: Even if unexpected blockage occurs, temperately link outage can be quickly recovered by beam failure recovery procedure where MT switches active beam to the alternative path to maintain the link.
Observation 3: Compared to UE, radio link failure has much less chance to happen for IAB.
Proposal 1: Apply relaxed RLM requirement of NR UE to the requirement of IAB-MT.
Proposal 2: For IAB RLM requirement, increase the number of samples and the lower boundary of the Evaluation Period in both SSB and CSI-RS based measurement cases.
Proposal 3: Remove the sharing factor P in Evaluation Period calculation for IAB RLM requirement provided that the number of samples is increased and the lower boundary is relaxed.
Proposal 4: The Evaluation Period for IAB RLM requirement could be relaxed as follows.

Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR1
	Configuration
	TEvaluate_out_SSB (ms)
	TEvaluate_in_SSB (ms)

	no DRX
	Max([1000], [50]  TSSB)
	Max([500], [25]  TSSB)

	NOTE:	TSSB is the periodicity of the SSB configured for RLM.



Evaluation period TEvaluate_out_SSB and TEvaluate_in_SSB for FR2
	Configuration
	TEvaluate_out_SSB (ms)
	TEvaluate_in_SSB (ms)

	no DRX
	Max([1000], Ceil([50]  N)  TSSB)
	Max([500], Ceil([25]  N)  TSSB)

	NOTE:	TSSB is the periodicity of the SSB configured for RLM.
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