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1. Background
In RAN4 Ad Hoc #1801 and #86, P_0 range was discussed for PUSCH / PUCCH /SRS and PRACH respectively [1] [2], and a reply LS was agreed via e-mail approval at the request of some operators in order to catch up ASN.1 freezing, in which the current signalling design of 7 bits and 2dB step size is confirmed from RAN4 perspective, even though RAN4 study on the minimum value is not finalized yet [3].
[bookmark: OLE_LINK15]In this contribution, we continue to investigate the factors having potential impact on the minimum value of P0 compared with that in LTE and propose a new lowest value in order to accommodate the new designs in NR, and propose a reply LS to RAN1 accordingly.
2. Discussion
As indicated in [2], we can treat the parameter P0 for two use cases:
(1) [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Case 1: conventional use for non-SUL, the path-loss can be obtained via the same frequency for TDD, or the paired DL in FDD.
(2) Case 2: used for SUL, and it is applied on the path-loss which is measured on the NR DL pairing to the SUL.
And the final P0 range can be the combination of both Case 1 and Case 2.
For Case 1, -126dBm is set for LTE PUSCH, and this is how it is calculated [4]: 
The lowest value of P0 for PUSCH, -126 dBm, is relavant to a case when full path-loss compensation is used and the uplink transmission and reception conditions are optimal: for example, taking a single RB transmission, with a target SINR at the eNodeB of -5 dB (around the lowest useful SINR), interference-free reception and a 0 dB noise figure for the eNodeB receiver, then the required value of P0 is the thermal noise level in one RB (180kHz) minus 5 dB, which gives P0 = -126 dBm.
In NR, several factors may contribute to the lowest useful SINR, e.g., coding gain difference (LDPC instead of Turbo code), and the potential increase of number of retransmissions due to a shortened TTI duration.
[bookmark: OLE_LINK6][bookmark: OLE_LINK10]Observation 1: The lowest SINR of NR PUSCH may be related gain of LDPC, and the potential increase of number of retransmissions.
Regarding the comparison of turbo and LDPC codes, both of them can approach to the Shannon limit, and may outperform each other at small block size or large block length respectively [4]. Therefore, the impact of difference between LDPC and Turbo codes maybe ignored. 
Although the shortest TTI in NR corresponds to a 120 kHz SCS and 2 symbols duration [5], 2 ~ 3 times increase may be enough to be considered in NR compared with that in LTE if considering the implementation complexity and ACK/NAK feedback and scheduling occasion etc., therefore, another 5dB (≈ 10log10(3)) can be deducted. Consequently, the corresponding lowest value for conventional non-SUL case may be -126 – 5 = -131 dBm.
[bookmark: OLE_LINK11][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation 2: The lowest P0 value for the conventional non-SUL case may be -131 dBm in NR if considering the potential increased number of retransmissions.
For Case 2 used for SUL, [6] proposes a 76 dB offset applied on to the value above: 
…it can be observed that the maximum coupling loss difference comes from the case of F1 = 70GHz and F2 = 700MHz. For this case, 50 dB coupling loss difference is calculated based on the assumption that UE can be with the maximum antenna gain. While for the UE is not with the maximum antenna gain, the antenna gain difference would be decreases. And for the extreme case that the antenna gain difference degrades to 0 dB, the coupling loss difference reaches 76 dB. Namely, the maximum coupling loss difference between NR unpaired carrier and SUL would be within the range from 50 dB to 76 dB…
Actually, the worst case described above not only assumes that at 70GHz both the transmission beam at gNB and receive beam at UE are not in the right direction, which annuls the antenna array gain, but also assumes the complete loss of both the element gain at UE side, and the panel gain at BS side at 70GHz. This is an extremely abnormal case which indicates most likely a radio link failure, thus This extreme case may not happen in the real world, thus it is not necessary to be covered at all. 
If we take the antenna configurations as 8 by 8 for 700MHz, and 32 by 32 for 70GHz, then the worst case would be 11 dB instead of 26 dB, therefore, the offset may be 61 dB instead of 76 dB.
The worst case in the real world may happen as following:
(1) At UE side, the antenna element gain of 70GHz remains as 5 dBi which means 5 dB gain over that of 700MHz
(2) At BS side, the antenna panel gain of 70GHz consisting of 8 elements remains as 9 dB
Therefore the total antenna gain difference of 70GHz over 700MHz is 14 dB for the worst case and the offset may be 62 dB ( = 76 - 14) instead of 76 dB.
[bookmark: OLE_LINK12][bookmark: OLE_LINK5][bookmark: OLE_LINK7]Observation 3: For SUL case, an offset of 61 62 dB may be applicable for the worst case on top of the lowest value in the conventional use case.
Therefore, the total range of P0 would be -131 – 61 62 = -192 193 dBm at the lowest end for NR.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK9]Proposal 1: RAN4 proposes to set -192 193 dBm as the lowest value for P0 range in NR.
Proposal 2: 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 observations and proposals on P0 range for UL power control:
Observation 1: The lowest SINR of NR PUSCH may be related gain of LDPC, and the potential increase of number of retransmissions.
Observation 2: The lowest P0 value for the conventional non-SUL case may be -131 dBm in NR if considering the potential increased number of retransmissions.
Observation 3: For SUL case, an offset of 61 62 dB may be applicable for the worst case on top of the lowest value in the conventional use case.
[bookmark: OLE_LINK8]Proposal 1: RAN4 proposes to set -192 193 dBm as the lowest value for P0 range in NR.
Proposal 2: Send a reply LS to RAN1 describing the above understanding on the P0 range.	
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