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1. Background
In RAN4 #87, P0 range for PUSCH / PUCCH /SRS and PRACH was further studied and discussed [1] [2], and a reply LS was agreed by proposing to increase its maximum value for PRACH from -80 dBm to -60 dBm in order to accommodate some special deployment scenario, and still leaving two open issues [3]: X value and minimum useful SNR value in NR. The range of P0 is expected to be concluded by resolving these two open issues in this meeting.
[bookmark: OLE_LINK15]In this contribution, we continue to discuss and conclude the two open issues, and propose a final reply LS to RAN1 accordingly.
2. Discussion
As mentioned in [3], two issues are still open related to the range of the parameter P0:
(1) [bookmark: OLE_LINK3][bookmark: OLE_LINK4]X value: two options (71 dB and 76 dB).
(2) Minimum useful SNR: in LTE it was set to – 5dB, but in NR this could be reduced further.
[bookmark: OLE_LINK6][bookmark: OLE_LINK10]For open issue (1), the main focus is the worst case for the antenna gain difference between 700MHz SUL and 70GHz NR DL. According to the below antenna configuration and assumptions [4], the calculated antenna gain difference is 26 dB. The worst case was proposed to annul the antenna gain difference to 0 dB from 26 dB assuming:
· The same number of antenna elements for both 700 MHz SUL uplink receiving and 70 GHz downlink transmitting at BS side
· Single antenna element for 70 GHz at UE side
· Isotropic antenna for 70 GHz at UE side 
Table -1 Antenna configuration and assumptions and calculation
	
	700MHz
	70GHz
	Antenna Gain Difference Contribution (dB)

	Num. BS antenna elements
	64
	1024
	12

	Num. of UE antenna elements per port
	1
	8
	9

	BS element gain (dBi)
	8
	8
	0

	UE element gain (dBi)
	0
	5
	5



The key point is that UE has to be within both 70GHz downlink and 700MHz uplink coverage. The antenna gain is the critical enabler to deploy a mmWave network in the reality, therefore it is out of imaginary that all of the antenna gain both at BS and UE side is annulled for 70GHz.  More study is needed to identify the real worst case, but due to limited time, we could assume that at least antenna element gain at UE side should be available, therefore, X value is no larger than 71 dB.
Proposal 1: Set X value as 71 dB instead of 76 dB.
As for the minimum useful SNR, it was assumed to be – 5 dB in LTE [5]. In NR, it could be reduced further due to the following aspects:
(1) Shorter symbol duration: 60 kHz SCS means 4 times symbol duration reduction
(2) Less symbols for one transport block: 2 symbols means 7 times less symbols
Theoretically TTI in NR is 28 times shorter than that in LTE, which means that NR allows much more times of retransmission, therefore a lower minimum useful SNR is possible for the same latency tolerance in NR. If considering processing delay both at the transmitter and receiver sides, 2 times may be practical. In this case, the minimum useful SNR in NR is -8 dB.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK9]Proposal 2: Set the minimum useful SNR as -8 dB in NR.
[bookmark: _GoBack]Accordingly with the above proposals, the overall lowest bound for P0 range would be -121 – 8 – 71 = -200 dBm.
Proposal 3: RAN4 proposes to set -200 dBm as the lowest value for P0 range in NR.
Proposal 4: Send a reply LS to RAN1 describing the above understanding on the P0 range.

3. Conclusions
Based on the above discussions, we have the following proposals on P0 range for UL power control:
Proposal 1: Set X value as 71 dB instead of 76 dB.
Proposal 2: Set the minimum useful SNR as -8 dB in NR.
Proposal 3: RAN4 proposes to set -200 dBm as the lowest value for P0 range in NR.
Proposal 4: Send a reply LS to RAN1 describing the above understanding on the P0 range.	
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