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1. Introduction
In RAN4 #85 meeting, RAN4 received LS from RAN1 [1] and replied LS out to RAN1 on P0 range and the preamble received power range [2]. The minimum value has been discussed in consideration of the maximum coupling loss difference between the SUL band and DL/UL band for SUL operation, but the maximum value has not been discussed based on technical grounds. In addition, the BS RF parameter was not considered since the topic was treated in SUL agenda. The maximum value should be further discussed in consideration of BS noise figure.

.

In this contribution, we further discuss the required maximum value of the preamble received target power range.
2. Background
In RAN1 discussion, following text was agreed as working assumption, and RAN1 sent LS to RAN4 for confirming the working assumption [1].
	Agreement:
Preamble received target power range is from -120-X to YdBm with a step of ZdB

· With X=76 as working assumption subject to confirmation by RAN4

· Once X is finalized, Y and Z can decided in RAN2/RAN4 

· Note: The number of bits for the preamble received target power range is 6




In RAN4 discussion, the LS was treated in NR SUL session and replied the LS to RAN1 in Athens (#86) meeting. In the LS reply [2], the maximum value of preamble received target power range was agreed as -80dBm with a step size of 2dB. However, it is unclear whether the current agreed maximum value is enough, since there was no technical discussion on the validity of the maximum value. In addition, if the upper limit range is insufficient, the power ramping will be needed to satisfy the required transmission power of PRACH, and the additional delay of RA procedure occurs. 
On Preamble received target power range:

RAN4 respectfully asks RAN2 to specify the range with the maximum value as -80dBm with a step size of 2dB, and RAN4 will conclude the minimum value in the next meeting.

In following section, we discuss the maximum value of preamble received target power range in actual deployment scenario.
3. Discussion

In general, the preamble received target power can be designed by using following equation including BS noise figure.


 Preamble received target power = Thermal Noise + Noise Figure + SNR 


(1)

Noise figure is depends on implementation of BS and deployment scenario. To find the maximum value of preamble received target power range, it should be clarified the maximum noise figure assumption in NR deployment scenario. One of the worst noise figure scenario is distributed antenna scenario.  e.g. Distributed Antenna System) (DAS). 

[image: image1]
Figure 1. Example of  DAS

In addition, we can reuse E-UTRA deployment scenario when refarming bands are operating in NR, since the NR distributed antenna deployment scenario is similar to E-UTRA scenario. In actual, when E-UTRA Remote Radio Head (RRH) was replaced to NR RRH, DAS can be reused to NR network. Basically, one of the worst cases is when the maximum number of remote units are connected to RRH since noise figure is increasing linearly depending on the number of units. Also, output power, the number of bands, uplink gain and so on are affected to noise figure.

The one of the worst case assumption for NR BS noise figure is shown below.

· DAS scenario

· Maximum number of DAS remote units connecting toDAS main unit: 128-256 units

· Minimum output power

· Multiple band

· Low uplink gain design at DAS
According to the worst case assumption, the noise figure of one remote unit can be estimated 20-30 dB. The total noise figure of DAS with 256 remote units is 54.1dB, which is calculated as follows.


NFDAS_256units = NF DAS_1unit + 10 log (Nunits) = 30dB + 10 log (256 units) = 30dB + 24.1dB = 54.1 dB


Where


NF DAS_1unit: Noise figure of one remote unit
NF DAS_256unit: Noise figure of sum of 256 remote units

Nunits: Number of remote units
The total noise figure can be calculated by using each noise figure of DAS, RRH and Base Band Unit (BBU). The noise figure of DAS is dominant in the total noise figure when the noise figure of DAS is too much higher than RRH and BBU. 

NFTotal ≃ 54.1dB
Then, the maximum value of the preamble received target power range can be calculated by equation (1). 
Preamble received target power
 = 
-174dBm/Hz + 10 log (1.08MHz) + 54.1dB + SNR









 =
-174dBm/Hz + 60.3dB + 54.1dB + SNR










 =
-59.6dBm/1.08MHz + SNR

Considering SNR (maybe around minus few dB), at least -60dBm should be required as preamble received target power range. 
Proposal 1: RAN4 should adopt at least -60dBm as the maximum value of the preamble received target power range at least for non-SUL case.
On the other hand, the minimum value is enough as -120dBm which is the same value with E-UTRA case, since there is a 6.3dB margins compared to thermal noise (-113.7dBm/1.08MHz). 
Proposal 2: For non-SUL case, the minimum value of the preamble received target power range is enough as -120dBm.

In RAN2, following alternative is proposed to satisfy the required maximum value range (-60dBm) for non-SUL case and the required minimum value range for SUL case [4].

Proposal1: The different value ranges of preambleReceivedTargetPower are applied for SUL and normal UL case:

  

- For SUL, -200dBm to -74dBm with 2dB step

  

- For normal UL, -120dBm to +6dBm for normal UL with 2dB step
Proposal 3: Send LS to RAN2 to inform above RAN4 agreements.
4. Conclusion

In this contribution, we further discussed the maximum value of preamble received target power range. Following proposals were obtained.
Proposal 1: RAN4 should adopt at least -60dBm as the maximum value of the preamble received target power range at least for non-SUL case.

Proposal 2: For non-SUL case, the minimum value of the preamble received target power range is enough as -120dBm.

Proposal 3: Send LS to RAN2 to inform above RAN4 agreements.
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