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Introduction
In 3GPP RAN1#88 [2], RAN1#89 [3] and RAN1 NR Ad-Hoc #2 [4], following agreements and conclusions are made for L1 RSRP reporting as follows:
	Agreements:
· NR supports the following beam reporting considering L groups where L>=1 and each group refers to a Rx beam set (Alt1) or a UE antenna group (Alt2) depending on which alternative is adopted. 
· For each group l, UE reports at least the following information:
· Information indicating group at least for some cases
· FFS: condition(s) to omit this parameter e.g. when L=1 or Nl=1
· Measurement quantities for Nl beam (s)
· Support L1 RSRP and CSI report (when CSI-RS is for CSI acquisition)
· FFS: the details of RSRP/CSI derivation and content
· FFS: Other reporting contents, e.g., RSRQ  
· FFS: Configurability between L1 RSRP and CSI report
· FFS: whether or not to support differential L1 RSRP feedback
· FFS: How to select Nl beam(s) e.g max Nl beams in terms of received power being above a certain threshold or in terms of correlation less than a certain threshold
· Information indicating Nl DL Tx beam(s) when applicable
· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, beam selection rules for assisting rank selection for MIMO tx, etc.
· This group based beam reporting is configurable per UE basis.
· This group based beam reporting can be turned off per UE basis e.g. when L=1 or Nl=1
· NOTE: No group identifier is reported when it is turned off 
· FFS: how L is determined. e.g. by network configuration or UE selection or UE capability e.g. how many beams can be received simultaneously
· FFS: how is configured using the CSI framework to support multi-panel or multi-TRP transmission

Conclusion:
· FFS SS-block in addition to CSI-RS is at least supported for P-1 in beam management 
· FFS with or without L1-RSRP reporting

Conclusion:
· FFS For CSI-RS RSRP determination, CSI-RS RSRP is measured per CSI-RS port
· FFS reporting per CSI-RS port or not (if not per CSI-RS port, detailed reporting approaches)
· FFS impact due to sub-time-unit CSI-RS

Agreements:
· RAN1 to study the relation (if any) between a measurement and/or reporting on a reference signal and a subsequent beam indication for beam management purposes
· Study the indicator(s) used for PDCCH and PDSCH 
· Study whether there is a relationship between the indicator types e.g. same type of indicator or different types
· 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, 
· FFS: Other issues


In this contribution, we discuss about L1 RSRP reporting for NR beam management.
Discussions
While CSI can provide more accurate beam and channel related information than RSRP report, CSI requires high UE complexity to measure channel from multiple antenna ports and interference and calculate corresponding RI, PMI and CQIs. Since the number of beams or the combination of beams which needs to be considered can be significantly large especially for above 6 GHz, supporting L1 RSRP reporting is one of crucial feature for NR beam management. In this regard, support of L1 RSRP reporting is decided in 3GPP RAN1#88 [2]. However, there are some other aspects to be considered for L1 RSRP reporting. In RSRP reporting in LTE [5], RSRP measurement and reporting mapping is defined as follows:
Table 1 RSRP measurement and reporting mapping in LTE
	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<-145
	dBm

	RSRP_96
	-45≤RSRP<-44
	dBm

	RSRP_97
	-44≤RSRP
	dBm



As provided in Table 1, 7 bits are needed for 1dB resolution for RSRP value range -140 dBm to -44 dBm. Since multiple RSRP reports are needed to be supported to identify multiple candidates for CSI acquisition, the impact of 7 bits can be more significant than CQI (4 bits in LTE). One possible solution to reduce L1 RSRP reports can be supporting lower resolution RSRO in beam reporting. However, L1 RSRP reporting with lower resolution may not provide performance benefits than L3 RSRP reporting as provided in Figure 1.
Figure 1 L1 RSRP reporting with lower resolution than L3 RSRP reporting
[image: ]
As shown in Figure 1, lower resolution L1 RSRP cannot provide accurate RSRP information and dynamic RSRP tracking due to its larger granularity. Considering such aspects, reporting method to provide accurate RSRP information with low overhead should be considered. In order to reduce reporting overhead, configuration of reference RSRP configuration via MAC CE can be considered for L1 RSRP reporting as shown in Figure 2. 
Figure 2 Reference RSRP configuration for L1 RSRP reporting
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As shown in Figure 2, gNB can configure reference RSRP to UE via MAC CE. Based on the configured reference RSRP value, UE can report its differential RSRP value with reduced reporting overhead. Since value of RSRP reporting does not change drastically within short duration, such reference RSRP configuration can provide reporting overhead reduction without reducing L1 RSRP reporting accuracy. 
Observations: 
· L1 RSRP reporting is one of crucial feature for NR beam management since it provides beam related information with minimum UE complexity. 
· Supporting range from -140 dBm to -44 dBm which is supported in LTE requires high reporting overhead.
· Such large reporting overhead can be more crucial when UE selects and reports multiple beam selections.
· Lower resolution on L1 RSRP may reduce RSRP reporting overhead, but reduces benefits of L1 RSRP reporting. 
Proposal: 
· Support MAC CE based reference RSRP configuration from gNB and differential RSRP reporting from UE in NR. 
If differential RSRP is reported, differential RSRP relative to a reference RSRP is reported by the UE. The benefit is that the differential RSRP can reduce the signalling overhead compared with absolute RSRP reports. Reference RSRP can be either calculated and reported by the UE or configured by the gNB. Different reference RSRP can lead to different RSRP bits. For example, Table 2 shows how the reference RSRP impacts the reporting RSRP bits. Here we assume RSRP values are within the range of -140 dBm and -44 dBm, and the UE only reports RSRP greater than the reference RSRP. The measurement resolution is 1 dB. For the RSRP reference of -140 dBm, -105 dBm, -75 dBm and -60 dBm respectively, the corresponding required differential RSRP bits are 7 bits, 6 bits, 5 bits and 4 bits respectively.
Multi-reference RSRP configuration can be considered for the case of one gNB with a multiple-panel TRP or multiple TRPs. In multi-reference RSRP configuration, different reference RSRPs can be used in the beam reporting for different panels or different TRPs. The reason is that those panels or TRPs could have different levels of averaged beam RSRP range. The TRP or the UE can set the proper reference RSRP level for each panel or TRP according to beam RSRP range.
Table 2 Differential RSRP relative to multi-reference RSRP 
	Max RSRP (dBm)
	Min RSRP (dBm)
	Reference RSRP (dBm)
	Resolution (dB)
	RSRP bits

	-44
	-140
	-140
	1
	7

	-44
	-140
	-105
	1
	6

	-44
	-140
	-75
	1
	5

	-44
	-140
	-60
	1
	4



Proposal: 
· Multi-reference RSRP for Tx panel or TRP can be configured in the beam reporting for different Tx panels of TRPs.
The required RSRP bits are used depending upon the RSRP resolution. Since the RSRP is used only for the determination of the following CSI acquisition, and the UE already sorts the RSRP in the beam measurement report, the RSRP measurement resolution can be greater than 1dB. It can be a 2dB step or 4dB step or a higher step to save the signalling bandwidth of RSRP measurements. The RSRP resolution for each RSRP report can be configured by the network. Depending upon the RSRP resolution, the required RSRP bits are dynamic. 
One example of this method is shown as below in Table 3. In this example, we assume RSRP values are within the range of -140 dBm and -44 dBm, and the UE only reports RSRP greater than the reference RSRP. If the reference RSRP is -140 dBm and the RSRP resolution of 1 dB is assumed, 7 RSRP bits are required to cover the whole range of RSRP values. But when the reference RSRP is -140 dBm and the RSRP resolution of 2 dB is used, only 6 RSRP bits are required. If the reference RSRP is -105 dBm and the resolution of 1 dB is used, 6 RSRP bits are required. But when the reference RSRP is -105 dBm and the resolution of 2 dB is assumed, only 5 RSRP bits are required.
Table 3 Required RSRP Bits for differential RSRP relative to the reference RSRP with different resolutions
	Max RSRP (dBm)
	Min RSRP (dBm)
	Reference RSRP (dBm)
	Resolution (dB)
	RSRP bits

	-44
	-140
	-140
	1
	7

	-44
	-140
	-105
	1
	6

	-44
	-140
	-140
	2
	6

	-44
	-140
	-105
	2
	5



The RSRP resolution can be reconfigured by the status of the RS or beam or beam pair link being measured. A first RSRP resolution is assumed by the UE if the RS or beam or beam pair link is considered as active or as a serving beam; whereas a second RSRP resolution is assumed by the UE if the RS or beam or beam pair link is considered inactive or a non-serving beam. Whether or not the beam is considered active or not active can be determined by whether the beam is part of the beam the UE should use to monitor NR PDCCH or to receive PDSCH. The resolutions can be either predefined or configured by the network. For example, the UE assumes a higher resolution of 1dB for the measurement of the serving beams or beam pair links and a lower resolution of 2 dB for measurement of the non-serving beams or beam pair links.
Proposal: 
· Support multi-resolution RSRP for active/serving beam and inactive/non-serving beam.
Conclusions
In this contribution, L1 RSRP reporting for NR bemanagement is discussed. Based on the discussions, the following observations and proposals are provided:
Observations: 
· L1 RSRP reporting is one of crucial feature for NR beam management since it provides beam related information with minimum UE complexity. 
· Supporting range from -140 dBm to -44 dBm which is supported in LTE requires high reporting overhead.
· Such large reporting overhead can be more crucial when UE selects and reports multiple beam selections.
· Lower resolution on L1 RSRP may reduce RSRP reporting overhead, but reduces benefits of L1 RSRP reporting. 
Proposal: 
· Support MAC CE based reference RSRP configuration from gNB and differential RSRP reporting from UE in NR. 
· Multi-reference RSRP for Tx panel or TRP can be configured in the beam reporting for different Tx panels of TRPs.
· Support multi-resolution RSRP for active/serving beam and inactive/non-serving beam.
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