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1. Background
In RAN4 Ad Hoc #1801, an LS from RAN1 to RAN4 was discussed on the two working assumptions on P_0 range for PUSCH / PUCCH /SRS and PRACH respectively [1] [2], in which an offset of 76dB was proposed on top of the current P_0 range. The main argument for 76dB was calculated in [3].
In this contribution, we provide a view from RAN4 perspective on the P0 range and how to address the path-loss difference between SUL at a lower frequency band and the normal downlink at a higher frequency band, and propose a reply LS to RAN1 accordingly.
2. Discussion
Uplink power control is important to keep the received power as the targeted level. In LTE, the uplink power control engages a combination of open-loop and close-loop power control scheme as shown below for PUSCH [4]:



If the UE transmits PUSCH without a simultaneous PUCCH for the serving cell , then the UE transmit power  for PUSCH transmission in subframe i for the serving cell is given by

 [dBm]   Eq.(1)



If the UE transmits PUSCH simultaneous with PUCCH for the serving cell , then the UE transmit power   for the PUSCH transmission in subframe i for the serving cell  is given by

 [dBm]  Eq.(2)
Where 
· 
 is the allocated number of RB (Resource Block) for PUSCH
· 
corresponds to a close-loop power control scheme
· 

 corresponds to an open-loop power control, which compensates the path-loss either fully or partially, depending on the configuration of 
· 
 is the measured path-loss based on the conventional downlink
· 
is the targeted received power per RB by the base station in dBm, assuming 0dB path-loss. It is dependent on the target SNR value and the uplink interference level [6].
In 5G NR, similar scheme is applied for NR PUSCH [5].
Observation 1: Conventional P0 is related to the targeted received power per RB at BS assuming zero path-loss, and its range depends on the target SNR values and uplink interference level in NR. 

Actually, in the above power control scheme PLc is assumed to match to the pathloss at the uplink, so in SUL case, an offset  can be applied as illustrated below respectively:

 [dBm]       Eq. (3)

 
[dBm]   Eq. (4)



Where is the measured path-loss on downlink of the paired NR (Non-SUL), and  is the coupling loss difference which is a function of frequency band combination and other techniques related to normal downlink transmission and receive, and uplink transmissions, etc. 

Let  denoted as:

      Eq. (5)
Then the corresponding equations are: 

 [dBm ] Eq.(6)

[dBm  Eq. (7)


It is worth to have it in mind that  is applied on the measured path-loss of non-SUL (paired NR DL), not on the path-loss of SUL. Obviously it has different meaning from that for which is applied on the path-loss on the frequency carrying the PUSCH.

In order to reduce the signalling overhead, we can treat both conventional P0 and as the same parameter by extending the range to cover both of them.  In this case, the parameter may have two use cases:
(1) 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.
Observation 2: The P0 parameter in NR may involve two use cases: conventional use for non-SUL as before, and use for SUL which is applied to the path-loss which is measured on the NR DL pairing to the SUL.
In addition to the coupling loss difference in SUL, the P0 range might not be directly inherited from LTE as -126dBm for PUSCH/PUCCH/SRS by considering the difference between LTE and NR, e.g., new channel bandwidth etc. And this may be determined in a similar way.
Observation 3: The allowed P0 range may be determined in a similar way as that in LTE by considering the difference between LTE and NR, e.g., new channel bandwidth etc.
As a summary, X value in RAN1 LS may be related to both coupling loss difference and the required received power per RB at gNB which might be different from that in LTE. And this may also be the case for the higher end of the range.
Observation 4: The range described in RAN1 LS may be related to both coupling loss difference and the required received power per RB at gNB which might be different from that in LTE.
Indeed what RAN4 and RAN2 concerns is the whole range including minimum and maximum values therefore it is unnecessary to confirm the working assumption which X = 76. Therefore we suggest to send a reply LS to RAN1 describing the above understanding on the P0 range.
Proposal 1: 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 proposal on P0 range for SUL power control:
Observation 1: Conventional P0 is related to the targeted received power per RB at BS assuming zero path-loss, and its range depends on the target SNR values and uplink interference level in NR. 
Observation 2: The P0 parameter in NR may involve two use cases: conventional use for non-SUL as before, and use for SUL which is applied to the path-loss which is measured on the NR DL pairing to the SUL.
Observation 3: The allowed P0 range may be determined in a similar way as that in LTE by considering the difference between LTE and NR, e.g., new channel bandwidth etc.
Observation 4: The range described in RAN1 LS may be related to both coupling loss difference and the required received power per RB at gNB which might be different from that in LTE.
Proposal 1: Send a reply LS to RAN1 describing the above understanding on the P0 range.
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