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Introduction
Delay/accuracy requirements for RRM/RLM/BFD/L1-RSRP are under discussion in RAN4. However, one factor is rarely considered in discussion. That is the bandwidth of BWP. In this paper, we discuss the impact of BWP bandwidth on RRM/RLM/BFD/L1-RSRP.
Impact of BWP bandwidth
In NR, RRM/RLM/BFD/L1-RSRP may be based on SSB or CSI-RS. For RLM/ BFD/L1-RSRP, UE is not required to perform measurements outside the active BWP.
	RAN1 #91 Agreements:
· UE is not required to perform RLM measurements outside the active DL BWP


For CSI-RS based L1-RSRP, if the start of CSI-RS is lower than the start of BWP, CSI-RS should be shifted in order to make the start of CSI-RS coincides with the start of active BWP, and the part outside the active BWP will be punctured. 
	5.2.2.3, 38.214:
The bandwidth and initial CRB index of a CSI-RS resource within a BWP, as defined in Subclause 7.4.1.5 of [4, TS 38.211], are determined based on the higher layer parameters nrofRBs and startingRB, respectively, within the CSI-FrequencyOccupation IE configured by the higher layer parameter freqBand within the CSI-RS-ResourceMapping IE. Both nrofRBs and startingRB are configured as integer multiples of 4 RBs, and the reference point for startingRB is CRB 0 on the common resource block grid. If  the UE shall assume that the initial CRB index of the CSI-RS resource is , otherwise . If , the UE shall assume that the bandwidth of the CSI-RS resource is , otherwise . In all cases, the UE shall expect that .


On the other hand, RRM measurements can still be performed when SSB/CSI-RS for measurements are outside the active BWP。However，according to following conclusions in RAN1 and RAN4 UE needs MG to perform measurement if UE capability doesn’t support gapless measurements. So bandwidth of BWP actually is a factor that impacts on RRM/RLM/BFD/L1-RSRP measurements. According to 38.331，BWP bandwidth can be flexibly configured in the range from 1RB to 275RB. The original intention to set the minimum BWP bandwidth to 1 RB is to support NB-IOT. However, too small BWP bandwidth can significantly lower measurement performance.
	38.133
The UE can perform intra-frequency SSB based measurements without measurement gaps if
-	the SSB is completely contained in the downlink operating bandwidth of the UE. For intra-frequency SSB based measurements without measurement gaps, UE may cause scheduling restriction as specified in section 9.2.5.3.
RAN1 #92bis Agreements:
· For intra-frequency measurement and if measurement gap is not configured, UE is not expected to measure the CSI-RS resources outside the active DL BWP. 


Firstly, the bandwidth of the SSB is fixed to 20 RBs (in terms of SSB SCS), and the CSI-RS for RRM/RLM/BM/BFD/L1-RSRP also has their corresponding minimum bandwidth.
	RAN1 #91 Agreements:
· RLM-CSI-RS-FreqBand
· Adopt the parameter values agreed in BM with following exception:
· Minimum number of PRB is 24.
38.331:
CSI-RS-CellMobility ::=				SEQUENCE {
	cellId								PhysCellId,
	csi-rs-MeasurementBW				SEQUENCE {
		nrofPRBs							ENUMERATED { size24, size48, size96, size192, size264},
		startPRB							INTEGER(0..2169)
	},
	density								ENUMERATED {d1,d3}												OPTIONAL,
	csi-rs-ResourceList-Mobility 		SEQUENCE (SIZE (1..maxNrofCSI-RS-ResourcesRRM))	OF CSI-RS-Resource-Mobility
}


So reference signals for measurements cannot be completely contained in active BWP if the bandwidth of active BWP is too small. As a result, UE cannot perform RLM/BFD/L1-RSRP measurements. 
Observation 1: SSB based RLM/BFD/L1-RSRP measurements are infeasible if the bandwidth of active BWP is too small.
Observation 1: CSI-RS based RLM/BFD measurements are infeasible if the bandwidth of active BWP is too small.
On the other hand, RRM measurements still is feasible with the help of MG. However, longer measurement delay and throughput loss can be expected.
Observation 3: SSB based RRM measurements and CSI-RS based RRM/L1-RSRP measurements are feasible when the bandwidth of active BWP is small, however, at the cost of longer measurement delay and throughput loss.
Possible Solutions
In order to avoid the impact of the small BWP bandwidth on measurements, there are several possible solutions:
Option 1. Introducing gap-aided RLM/ BFD measurement. i.e., when the bandwidth of the BWP is insufficient to completely contain the RS, UE is allowed to perform measurement with MG.
Option 2. Only perform RLM/BFD measurements on the portion of the RS within the active BWP. In other words, UE performs measurement only on the portion of the RS that within the active BWP. And the portion that is outside the active BWP will be punctured, just like what is did for L1-RSRP.
Option 3. Define the minimum bandwidth of the BWP. i.e., the minimum BWP bandwidth should at least no less than the minimum configurable bandwidth of the RS, thereby ensuring that NW can configure a complete reference signal within the active BWP.
Among the above three options. Option 1 has a serious impact on specification. Because RAN4 has just finish the discussion on the UE behavior during the collision of RLM-RS, MG and SMTC for intra-frequency measurement and the principle in discussion is that RLM/BFD is only performed on RLM-RS outside MG. Moreover, the periodicity of RLM-RS is generally much smaller than MGRP hence the evaluation period requirement will significantly increase.
Option 2 will impact the discussion of measurement delay/accuracy requirement in RAN4. When active BWP bandwidth is small, the number of RS REs in active BWP will be very limited. Therefore, it will take longer time for UE to collect enough samples to meet the accuracy requirement, or it will lower the measurement accuracy to meet the delay requirement. The significance of defining the delay/ accuracy requirements for measurements is to define the minimum requirements for UE to reach. The requirements will be loosen too much if the effect of very small BWP has to be take account of. 
So comprehensively, Option 3 is the most likely solution. Limiting the minimum BWP bandwidth does not impact the existing conclusions of RAN4. The guarantee that reference signal is completely contained in the BWP can also be used as the basis for the RAN4 to discuss the delay/accuracy requirement. The minimum bandwidth of BWP can left for future study, but RAN4 can first reach a consensus the minimum bandwidth of the BWP should be defined.
Proposal 1: When defining the minimum bandwidth for BWP, following aspects should be considered：
· Minimum bandwidth of BWP should be enough to contain the bandwidth of SSB or the minimum configurable bandwidth of CSI-RS RLM/BFD/L1-RSRP；
· Other aspect are not precluded.
If RAN4 can reach the conclusion that minimum bandwidth of BWP is an issue needs to be solved, we can send LS to RAN1 and RAN4 to inform them this issue. Then RAN4 can work together with RAN1 and RAN4 to find a solution for this issue.
Conclusion
In this contribution some issues on minimum bandwidth of BWP are discussed. The following observations and proposals are given. 
Observation 1: SSB based RLM/BFD/L1-RSRP measurements are infeasible if the bandwidth of active BWP is too small.
Observation 1: CSI-RS based RLM/BFD measurements are infeasible if the bandwidth of active BWP is too small.
Observation 3: SSB based RRM measurements and CSI-RS based RRM/L1-RSRP measurements are feasible when the bandwidth of active BWP is small, however, at the cost of longer measurement delay and throughput loss.
Proposal 1: When defining the minimum bandwidth for BWP, following aspects should be considered：
· Minimum bandwidth of BWP should be enough to contain the bandwidth of SSB or the minimum configurable bandwidth of CSI-RS RLM/BFD/L1-RSRP；
Other aspect are not precluded.
If RAN4 can reach the conclusion that minimum bandwidth of BWP is an issue needs to be solved, we can send LS to RAN1 and RAN4 to inform them this issue. Then RAN4 can work together with RAN1 and RAN4 to find a solution for this issue.
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