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1 Introduction
In RAN1#AH02 meeting [1], the following agreement was achieved:
Agreements:
· Study L1-RSRP reporting of multiple beams considering
· Differential L1-RSRP for multiple beams
· Reference RSRP for L1-RSRP differential report, e.g., predefined or configurable
· Bit-width of reporting, 
· Number of groups/beams per group 
· UCI design of the beam reporting, 
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]FFS: Other issues

In RAN1#89[2], the following configuration for group based beam reporting is agreed
Agreements:
· For beam management with beam group reporting the following quantities should be considered
· the max number of groups supported in the specification M, 
· the max number of Tx beams per group supported in the specification N
· the number of groups to report L 
· the number of Tx beams per group in the report Q
· FFS: UE-specific configuration of the parameters L, Q incorporating UE-capability information

This contribution is focused on differential L1-RSRP reporting for multiple beams.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
2.1 Differential L1-RSRP reporting in beam failure recovery
According to previous discussion and agreement, it may be beneficial to report RSRP for multiple beams in a differential way. Moreover, the differential RSRP might be performed inter-group or intra-group. Compared to non-differential RSRP reporting, the differential reporting is expected to reduce the reporting overhead for multiple beams.
Table 1 RSRP measurement and reporting mapping in LTE
	Reported value
	Measured value (dBm)

	RSRP_00
	RSRP<-140

	RSRP_01
	-140≤RSRP<-139

	RSRP_02
	-139≤RSRP<-138

	…
	…

	RSRP_95
	-46≤RSRP<-45

	RSRP_96
	-45≤RSRP<-44

	RSRP_97
	-44≤RSRP



In LTE, RSRP is measured and reported based on Table 1. If RSRP table in LTE is reused in NR, it means the RSRP value has a large range to report, i.e., ranged of 96dBm from -140 dBm to -44 dBm, where each RSRP is represented by 7 bits for a resolution of 1 dBm. In case of 4 beams to be reported from UE, it needs a total of 28 bits to be reported if without differential RSPR reporting design.
Regarding to differential RSRP reporting, there are several potential methods. In one method, a reference RSRP serving as a threshold, typically larger than -140dBm, may be predefined or configured by gNB, and UE reports only the RSRPs above the threshold to the gNB. Because the actual range of RSRP is reduced by the reference RSRP, the reporting overhead for each RSRP can be reduced from non-differential RSRP reporting. For example, if reference RSRP is -60dB, then the actually range of RSRP value to be reported is [-60dBm, -44dBm], which has a dynamic range of only 16dBm. However, because the reference RSRP is practically predefined or configured by gNB, it happens that one or all of RSRPs at UE side fall below the threshold by the reference RSRP. Therefore, the differential RSRP reporting has to handle these exception cases additionally. 
Observation 1: For a single reference-RSRP-as-threshold based reporting, the exceptional cases including one or all RSRPs at UE side fall(s) below the reference RSRP should be handled carefully in NR. 
In another method, the differential RSRP reporting may be performed in a successive way, where the differential value between one RSRP and its successive RSRP is quantized and reported from UE to gNB. For example, there may be two RSRPs, which are respectively -44dBm, and -60dBm. The first strongest RSRP of -44dBm can be quantized first. Then the differential value between the first and second strongest RSPRs, which is 16dBm, can be further quantized. The gNB can reconstruct the two RSRPs by using the quantized value of first strongest RSRP and the differential value related to the second strongest RSRP. This method can work in most cases. However, it may be not efficient in use. For example, there can be two extreme cases: two RSRPs are respectively -44dBm and -45dBm of a small differential value, or respectively -44dBm and -138dBm of a large differential value. The differential value between two RSRPs can be as small as 1 dBm, or as large as 94dBm. Since we cannot rule out any of cases, the dynamic range to be considered in differential reporting is not much different from the original dynamic range of RSRPs which falls in [-140dBm, -44dBm] in non-differential reporting. The differential reporting is not so beneficial if the possible dynamic range of differential value between two RSRPs is very large and not reduced too much. Therefore, differential reporting in a successive way may be not efficient if to cover full range of possible differential values between RSRPs.
Observation 2: For successive way of differential RSRP reporting, the dynamic range of differential value between RSRPs should be handled carefully in NR, otherwise the efficiency of different RSRP reporting might be decreased. 
2.2 Multiple reference RSRPs in differential L1-RSRP reporting
Based on the above discussions, we propose to apply multiple reference RSRPs in differential RSRP reporting. To illustrate such method, we take the following example, which reports 2 RSRPs by 4 reference RSRPs as thresholds, e.g., T1-T4. The two RSRPs are ordered in a descending way based on the RSRP value. 
The four reference RSRPs T1-T4 serving as thresholds can be predefined or configured by gNB. As shown in Figure 1, by comparing two RSRPs to the four thresholds, there are 15 patterns for all the possibilities of two RSRP values. Each pattern is represented by a 4 bit index. Four thresholds divide the full range of RSRP into five intervals, and these five intervals may be interpreted as: very strong, strong, mediate, weak, very weak. Therefore, the function of a pattern is to provide rough information of RSRP values. For example, pattern 0001 means both two RSRPs are above the highest reference RSRP which indicates that the two RSPRs are very strong, and pattern 1111 means both two RSRPs are below the lowest reference RSRP which indicates that the two RSRPs are very weak.
[image: ]
Figure 1 Pattern reporting based on multiple reference RSRPs
The main benefit of introducing multiple reference RSRPs at UE is that it significantly reduces the dynamic range of RSRPs further to be reported. Given one pattern, each RSRP is now limited within two adjacent thresholds, other than within full large range as before. And accordingly, the reporting overhead for differential values between each RSRP to the corresponding threshold can be reduced largely. 
Observation 3: Introducing multiple reference RSRPs can reduce the dynamic range of RSRPs in the differential L1-RSRP reporting in NR. 
[image: ]
Figure 2 Differential RSRP reporting
Subsequently, differential RSRPs can be reported from UE to gNB. The differential RSRP value may be also implemented in two ways. As shown in the left of Figure 2, for example, if pattern=0111 is found at UE, then the differential value for the first RSRP can be set as dRSRP1= RSRP1-T2, and the differential value for the second RSRP can be set as dRSRP2= RSRP2-T3. In other words, the differential RSRP reporting content is the differential value between RSRP and each corresponding threshold. The threshold can be either upper or lower threshold. Given one pattern, each RSRP has to fall into the interval decided by any of two adjacent thresholds, and therefore each RSRP has a reduced dynamic range in reporting. 
In another way as shown in the right of Figure 2, if pattern=0110 is found at UE, then the differential value for the second RSRP can be set as dRSRP2= RSRP2-T2, while differential value for the first RSRP can be set as dRSRP1= RSRP1-Q(RSRP2), where Q(RSRP2) is the reported value of the second RSRP. The motivation to do so is that the range of RSRP1 for reporting is reduced to [Q(RSRP2), T1], and the resolution of RSRP1 can be expected to be improved to some extent accordingly. 
The two way of differential reporting can be implicitly informed by the pattern reported to the gNB. The gNB will firstly look for the pattern index before reconstructing the RSRPs from the reported differential values, and therefore the two way of differential reporting will not cause any ambiguity.
Regarding this, we have the following proposal:
Proposal 1: Differential RSRP reporting based on multiple reference RSRPs should be supported in NR.
2.3 Overhead analysis of differential RSRP reporting on multiple reference RSRPs 
The number of patterns in reporting depends on the number of RSRP thresholds, and the number of beams to be reported. Considering in practice, it does not need too many thresholds or too many beams to be reported, which means the overhead of reporting a pattern just costs a few bits. Table 2 lists some possible settings for the number of thresholds and beams reported. As shown in the table, the required bits for RSRP pattern reporting are just respectively 4, 4, and 7.
Table 2 Example of settings in pattern reporting
	No. of Thresholds 
	No. of Reported Beams 
	No. of Patterns 
	Required Bits for RSRP Pattern Reporting

	4
	2
	15
	4

	2
	4
	15
	4

	5
	4
	126
	7



The pattern reporting does not cause any additional overhead. Actually, it simplifies the subsequent differential RSRP reporting. It is easier to see the reduction of overall reporting by considering together with subsequent differential RSRP reporting. Table 3 shows examples of setting to threshold value and number of beams based on Table 2.
Table 3 Example of settings in differential reporting
	Threshold Value
	No. of Beams
	Bits per Differential RSRP
	Resolution (dBm)

	-44-[8,16,32,64]
	2
	3
	[1,1,2,4,4]

	
	
	2
	[2,2,4,8,8]

	-44-[32,64]
	4
	4
	[2,2,2]

	
	
	3
	[4,4,4]

	
	
	2
	[8,8,8]

	-44-[8,16,32,48,64]
	4
	3
	[1,1,2,2,4]

	
	
	2
	[2,2,4,4,8]



In the case of four beams to be reported and two thresholds at -76dBm and -108dBm, the RSRPs fall into three intervals: above -76dBm, within -76 and -107dBm, and below -107dBm. If 4 bits are applied to the differential value of each RSRP to its individual corresponding threshold, then the achieved RSRP resolution is 2dBm. Then the total overhead for reporting the four RSRPs are 20 bits: 4 bits are for reporting a pattern, four of each 4 bits are respectively for differential values related to RSRP1, RSRP2, RSRP3 and RSRP4.  If 2 bits are applied to the differential value of each RSRP to its individual corresponding threshold, then the achieved RSRP resolution is 8dBm, and the total RSRP reporting overhead is 12bits. The reporting overhead can be further reduced by jointly configuring the thresholds and the resolution requirement in each RSRP interval. For example, different RSRP may be assigned with different resolution for differential value in the second step.
Proposal 2: Joint design of pattern reporting and differential reporting should be supported in NR to reduce overall reporting overhead.
The above discussion is focused on reporting the RSRP value of each beam. Along with the RSRP values of all reported beams, the beam ordering information, e.g., which is the first or second strongest beam within a beam group, should be also reported to the gNB. In some cases, the beam ordering information can be used without the RSRP values at the gNB, e.g., beam switching within a beam group. Considering this, we propose the following.
Proposal 3: NR should support reporting the beam ordering information only in multi-beam reporting.
3 Conclusion
This contribution provided our observations and proposals for differential L1-RSRP reporting in NR. And particularly, there are:
Observation 1: For a single reference-RSRP-as-threshold based reporting, the exceptional cases including one or all RSRPs at UE side fall(s) below the reference RSRP should be handled carefully in NR. 
 Observation 2: For successive way of differential RSRP reporting, the dynamic range of differential value between RSRPs should be handled carefully in NR, otherwise the efficiency of different RSRP reporting might be decreased.
Observation 3: Introducing multiple reference RSRPs can reduce the dynamic range of RSRPs in the differential L1-RSRP reporting in NR.
Proposal 1: Differential RSRP reporting based on multiple reference RSRPs should be supported in NR. 
Proposal 2: Joint design of pattern reporting and differential reporting should be supported in NR to reduce overall reporting overhead
[bookmark: _GoBack]Proposal 3: NR should support reporting the beam ordering information only in multi-beam reporting.
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