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1. Introduction

This contribution provides the analysis on the L1-RSRP mapping table for beam management.
2. Background
	TS 38.214 V15.0.0 Section 5.2.1.4.3

For L1-RSRP reporting, if the higher layer parameter nrofReportedRS is configured to be one, the reported L1-RSRP value is defined by a 7-bit value in the range [-140, -44] dBm with 1dB step size, if the higher layer parameter nrofReportedRS is configured to be larger than one, or if the higher layer parameter group-based-beam-reporting is configured as ‘ON’, the UE shall use differential L1-RSRP based reporting, where the largest value of L1-RSRP uses a 7-bit value in the range [-140, -44] dBm with 1dB step size, and the differential L1-RSRP uses a 4-bit value. The differential L1-RSRP value is computed with 2 dB step size with a reference to the largest L1-RSRP value which is part of the same L1-RSRP reporting instance. The mapping between the reported L1-RSRP value and the measured quantity is described in [11, TS 38.133].


	RAN1 agreements

RAN4 specifies the mapping between reported value of L1-RSRP and the measured quantity value and includes that mapping in 38.133.

· A reference to the RAN4 specification with the above details will be added in TS38.214


3. Discussion
As captured in TS38.214 [2], if the higher layer parameter nrofReportedRS is configured to be one, the reported L1-RSRP value is defined by a 7-bit field in the range of [-140, -44] dBm with 1dB step size. Similar as in LTE, one state indicates that the reported L1-RSRP is lower than -140 dBm and one state indicates that the reported L1-RSRP is higher than -44 dBm. As we discussed in [xxxx], the mapping table for L1-RSRP and RSRP for mobility is the same.
	Reported value
	Measured quantity value
	Unit

	RSRP_00
	RSRP ( -140
	dBm

	RSRP_01
	-140 ( RSRP < -139
	dBm

	RSRP_02
	-139 ( RSRP < -138
	dBm

	…
	…
	…

	RSRP_95
	-46 ( RSRP < -45
	dBm

	RSRP_96
	-45 ( RSRP < -44
	dBm

	RSRP_97
	-44 ( RSRP
	

dBm

	RSRP_98
	Infinite
	

-


Proposal 1: If the higher layer parameter nrofReportedRS is configured to be one, the L1-RSRP mapping table is specified as below,
	Reported value
	Measured quantity value
	Unit

	RSRP_00
	RSRP ( -140
	dBm

	RSRP_01
	-140 ( RSRP < -139
	dBm

	RSRP_02
	-139 ( RSRP < -138
	dBm

	…
	…
	…

	RSRP_95
	-46 ( RSRP < -45
	dBm

	RSRP_96
	-45 ( RSRP < -44
	dBm

	RSRP_97
	-44 ( RSRP
	

dBm

	RSRP_98
	Infinite
	

-


For the differential L1-RSRP reporting, RAN1 has the following agreement.
	RAN1 agreements

RAN4 specifies the exact mapping for the differential RSRP values with the following input from RAN1. For differential reporting:

· 16 states are supported

· One state is used to indicate that the difference is larger than 30dB

· Step size is 2dB


As captured in TS38.214 [2], if more than one beam are to be reported, the beam with highest L1-RSRP is reported by a 7-bit field in the range of [-140, -44] dBm with 1dB step size, in the meanwhile the other beams are to be reported by a 4-bit field in a differential manner. To be specific, the differential L1-RSRP value is computed with 2 dB step size using the largest reported L1-RSRP in the same reporting instance as reference. In addition, to complete the design of differential L1-RSRP reporting, RAN1 agreed that one state out of the 16 states of the 4-bit field is used to indicate that the difference is larger than 30dB. 
However, we find that this solution is incomplete. One example is provided as below,
· Reference L1-RSRP (strongest beam): -70 dBm
· Differential L1-RSRP (2nd beam): -101 dBm
· Differential L1-RSRP (3rd beam): -110 dBm

· Differential L1-RSRP (4th beam): -150 dBm
With the input from RAN1, both the 2nd/3rd/4th beams are to be reported by the same state indicating that the difference from reference L1-RSRP is larger than 30dB. At gNB side, all of the 2nd/3rd/4th beams will be disregarded, as gNB cannot tell the difference among them. It may be ok to drop the 4th beam, as it is lower than -140 dBm (lower bound for 7-bit L1-RSRP reporting), but the 2nd and 3rd beam are still worth to be reported, as they can still be used for establishing connection between gNb and UE. 
To solve this problem, similar as in LTE, we suggest to distinguish the beams with L1-RSRP higher or lower than -140 dBm, in differential L1-RSRP reporting. 
As a 4-bit field has only 16 states, after including a state to indicate that the reported beam is lower than -140 dBm, the state agreed in RAN1 that indicating the difference from reference L1-RSRP is larger than 30 dB should be revised accordingly. To be specific, the state required by RAN1 can be modified to indicate that the difference from reference L1-RSRP is larger than 28 dB, while the absolute values is still higher than -140 dBm. We suggest the differential RSRP mapping table specified as below.
	Reported value
	Measured quantity value

	differential RSRP_00
	RSRP ( -140 dBm

	differential RSRP_01
	0 dB <= Difference <= 2 dB 

	differential RSRP_02
	2 dB < Difference <= 4 dB

	differential RSRP_03
	…

	…
	26 dB < Difference <= 28 dB

	differential RSRP_15
	Difference > 28 dB and RSRP > -140 dBm


Come back to the example, UE reports 2nd and 3rd beams using differential_RSRP-15. Then network knows that the beams #2 and #3 are still above -140dBm although they are more than 30dB smaller than the strongest beam. Network can still consider 2nd and 3rd beam as candidate. It is left to network implementation, e.g., network can request additional measurement on beam #2 and/or beam#3.
Proposal 2: If the higher layer parameter nrofReportedRS is configured to be larger than one, or if the higher layer parameter group-based-beam-reporting is configured as ‘ON’, Differential L1-RSRP mapping table can be specified as below, 
	Reported value
	Measured quantity value

	differential RSRP_00
	RSRP ( -140 dBm

	differential RSRP_01
	0 dB <= Difference <= 2 dB 

	differential RSRP_02
	2 dB < Difference <= 4 dB

	differential RSRP_03
	…

	…
	26 dB < Difference <= 28 dB

	differential RSRP_15
	Difference > 28 dB and RSRP > -140 dBm


4. Conclusion

In this paper, we have the following proposals:

Proposal 1: If the higher layer parameter nrofReportedRS is configured to be one, the L1-RSRP mapping table is specified as below,
	Reported value
	Measured quantity value
	Unit

	RSRP_00
	RSRP ( -140
	dBm

	RSRP_01
	-140 ( RSRP < -139
	dBm

	RSRP_02
	-139 ( RSRP < -138
	dBm

	…
	…
	…

	RSRP_95
	-46 ( RSRP < -45
	dBm

	RSRP_96
	-45 ( RSRP < -44
	dBm

	RSRP_97
	-44 ( RSRP
	

dBm

	RSRP_98
	Infinite
	

-


Proposal 2: If the higher layer parameter nrofReportedRS is configured to be larger than one, or if the higher layer parameter group-based-beam-reporting is configured as ‘ON’, Differential L1-RSRP mapping table can be specified as below, 

	Reported value
	Measured quantity value

	differential RSRP_00
	RSRP ( -140 dBm

	differential RSRP_01
	0 dB <= Difference <= 2 dB 

	differential RSRP_02
	2 dB < Difference <= 4 dB

	differential RSRP_03
	…

	…
	26 dB < Difference <= 28 dB

	differential RSRP_15
	Difference > 28 dB and RSRP > -140 dBm
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