[bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #AH07                                                                   R4-1809321
Montreal, Canada, 2th – 6th July, 2018
[bookmark: Source]Agenda Item:	5.2.4.4
Source:	Intel Corporation
Title:	Discussion about L1-RSRP measurement accuracy for beam management
Document for:	Discussion
1 Introduction
In last meeting, there is WF about beam management requirement in NR[1].
	Both CSI-RS based and SSB based L1-RSRP measurement period for beam reporting will be specified.
· FFS how to capture the requirements
The measurement accuracy of L1-RSRP for beam reporting will be studied in performance part.
· It is FFS, for beam reporting, the requirements on L1-RSRP measurement accuracy can be based on single-shot or multi-shot measurement.
· Requirements on accuracy and its side condition for L1-RSRP should be specified as a package.
· FFS whether to use the same L1-RSRP accuracy requirements of for both candidate beam detection and beam reporting.




In this contribution, we will discuss about the L1-RSRP measurement accuracy for beam reporting.
2 Received RSRP difference for Tx beams
For beam management, UE needs to measure the L1-RSRP for different beams and choose the proper beams to indicate to gNB. One of key remaining issues for beam management is the number of samples required for L1-RSRP measurement. For LTE and NR RSRP, the number of measurement is derived such that the minimum measurement accuracy requirement can be met. For L1-RSRP, similar approach should be taken.  
However, RAN4 has never discussed how accurate of L1-RSRP measurement is accurate enough. The only thing we know is L1-RSRP accuracy should be better than SSB-based RSRP accuracy. The reason is L1-RSRP beam density should be higher than SSB-based RSRP beam density. To distinguish the beam with high beam density, the measurement should be more accurate.
Observation 1: it is difficult to conclude how many samples are enough for L1-RSRP measurement without knowing the corresponding measurement accuracy requirement.
To answer the question “how accurate L1-RSRP measurement is accurate enough?”, L1-RSRP difference between different TX beams is investigated. By statistically calculating the L1-RSRP difference, it will help to understand the “enough” measurement accuracy to distinguish these Tx beams. 
Firstly, different beam densities are considered and defined by the number of beams, M, covering the whole spatial domain, where M=32/16/8. UE measurements the L1-RSRP for each of M Tx beams respectively and sort the beams in decreasing order based on measured L1-RSRP, i.e. the 1st beam is the beam with the highest L1-RSRP and the M-th beam is the one with the lowest L1-RSRP.
The CDF of RSRP differences are plotted in Fig.1 to Fig.3 for M=32/16/8 respectively. RSRP delta between 1th and 2th sorted beams is RSRP difference between the largest and the second largest beams. RSRP delta between 1th and 3th sorted beams is RSRP difference between the largest and the third largest beams, and so on. It is noted that the CDF in all figures is calculated based on geni L1-RSRP estimation.
	Fig.1 geni L1-RSRP delta for 32 TX beams [image: ]
	Fig.2 geni L1-RSRP delta for 16 TX beams[image: ]
 








Fig.3 Geni L1-RSRP delta for 8 TX beams
 [image: ]
In Fig.1, we take the CDF curve “RSRP delta between 1st and 2nd sorted beam” as an example. 10 percentile of CDF curve shows the RSRP delta is 0.2dB. That means the measurement accuracy has to be +/-0.1dB in order to successfully distinguish between the 1st and 2nd beams in 90% case.
As another example as shown in the CDF curve “RSRP delta between 1st and 4th sorted beam”, 10 percentile results in 2.5dB L1-RSRP difference. That means the measurement accuracy has to be +/-1.25dB in order to successfully distinguish between the 1st and 4th beams in 90% case.
Additionally, it has been well known the eventual measurement accuracy should depend on three factors: RF margin (~1dB), baseband margin(~1dB) and inaccuracy due to measurement. That means it is hard to achieve the measurement accuracy less than 2dB due to the implementation margin. In other words, if the RSRP delta between beams are less than 4dB, UE won’t be able to distinguish which beam is the better than the other. 
Observation 2: Due to implementation margin, the L1-RSRP measurement accuracy cannot be achieved within +/-2dB.
· If the RSRP delta between beams are less than 4dB, UE won’t be able to distinguish which beam is the better than the other. 
· When Tx beam resolution in terms of RSRP delta is too high to be distinguishable, it won’t result in better L1-RSRP based beam management 
Based on Fig.1-3, the resolution of beam and the corresponding L1-RSRP accuracy are summarized.
	
	Resolution of beams
	Geni L1-RSRP difference at 10 percentile
	L1-RSRP accuracy to achieve the resolution 

	Total # of tx beam is 8
	Distinguish between 1st strongest and the 2nd strongest
	0.4dB
	N/A

	
	Distinguish between 1st strongest and the 5th strongest
	9.2dB
	±2.6dB  

	Total # of tx beam is 16
	Distinguish between 1st strongest and the 2nd strongest
	0.3dB
	N/A

	
	Distinguish between 1st strongest and the 6th strongest
	6.2dB
	±1.1dB

	
	Distinguish between 1st strongest and the 8th strongest
	9dB
	±2.5dB

	Total # of tx beam is 32
	Distinguish between 1st strongest and the 2nd strongest
	0.2dB
	N/A

	
	Distinguish between 1st strongest and the 6th strongest
	4.5dB
	±0.25dB

	
	Distinguish between 1st strongest and the 12th strongest
	9dB
	±2.5dB





In this table, Resolution of beam management means the capability to distinguish the beam between the 1st strongest and Nth strongest, which give some guidelines about the likelihood the best-N beams can be identified and reported. For example, if the UE is requested to report one best beam, the reported beam can be within the best N beams in 90% cases. The beam resolution is obviously dependent on the Tx beam numbers, the more Tx beams, the more difficult to identify the best beam(s). If the L1-RSRP accuracy is defined as ±2.5dB as legacy LTE, it can only guarantee that the reported beam lies in the 11th/7th/4th best beams in 90% cases for 32/16/8 Tx beams. The corresponding angular spread is closer to 180 degrees.  If higher beam resolution is required, more strict L1-RSRP accuracy is required.
With these observations, Tx beam resolution and its corresponding L1-RSRP accuracy should be further studied. Since it can have great impact on the functionality of beam management. Only if L1-RSRP accuracy is defined, the sample number can be defined according to the accuracy requirements.
Proposal 1: Tx beam resolution requirement and its corresponding L1-RSRP accuracy requirement should be studied first. Based on the outcome of the study, L1-RSPR measurement delay can be further defined. 
3 Side condition for SNR
Since the beam detection and reporting works mainly for serving cell, the channel quality should be not too bad. As a result, it is proposed to define SNR>0dB as the side condition for the measurement accuracy requirement.
Proposal 2: Define SNR>0dB as the side condition for the measurement accuracy requirement.
4 Conclusion
Observation 1: it is difficult to conclude how many samples are enough for L1-RSRP measurement without knowing the corresponding measurement accuracy requirement.
Observation 2: Due to implementation margin, the L1-RSRP measurement accuracy cannot be achieved within +/-2dB.
· If the RSRP delta between beams are less than 4dB, UE won’t be able to distinguish which beam is the better than the other. 
· When Tx beam resolution in terms of RSRP delta is too high to be distinguishable, it won’t result in better L1-RSRP based beam management 
Proposal 1: Tx beam resolution requirement and its corresponding L1-RSRP accuracy requirement should be studied first. Based on the outcome of the study, L1-RSPR measurement delay can be further defined. 
Proposal 2: Define SNR>0dB as the side condition for the measurement accuracy requirement.
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