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At the RAN#71 meeting, the new 5G Study Item on New Radio Access Technology (RAT) was approved, aiming to identify and develop the technology components needed for successfully standardizing the new radio (NR) system for 5G [1][2]. 
In this contribution, we discuss the considerations for uplink (UL) power control (PC) in NR.
Motivations
UL PC is an essential element of LTE, striking a desirable balance between UL interference management and UL throughput performance for various scenarios. Likewise, UL PC has to be supported in NR, and furthermore, enhanced according to new scenarios and new requirements in NR.
The following scenarios may be considered for the UL PC for NR, some of which may be new and not present in LTE, but some other may have been discussed in LTE but not supported.
· No CRS
UL PC in LTE is based on pathloss (PL) estimate in the DL, which is obtained based on CRS. However, in NR, CRS is not likely to be present. Therefore, PL estimate has to rely on other RS or new mechanisms.
· Beam-based transmissions/receptions
In NR, transmissions and receptions may be based on beams, possibly very narrow, especially in high-frequency and massive MIMO scenarios. In addition, beam widths, and hence the beamforming gains, between the same TRP and UE can vary significantly, for different times and channels. There are two main implications of the beam-based transmissions/receptions:
· UE transmission becomes narrow-beam and TRP reception becomes narrow-beam as well. The probability of a narrow-beam UL transmission interferes another TRP’s narrow-beam reception is generally low. Consequently, the need of very accurate UL PC for reducing interference may become a bit less critical in NR than in LTE.
· This causes the receive power variations due to different beamforming. For example, UE sees higher receive power in DL as the DL beam refines to be narrower, and TRP sees higher receive power in UL as the UL beam becomes narrower. Which DL receiver power should be used for PL estimate, and which UL receiver power should be used as PC operating point need to be decided.
· Analog beamforming at eNB/UE
NR high frequency may adopt analog beamforming at eNB and UE. In order to transmit and receive with analog beamforming, the analog direction needs to be known before the transmission and reception can occur. This is not a problem for scheduled transmission and reception, such as PUSCH. However, therefore, non-scheduled UL transmission (e.g., contention-based RACH, grant-free UL signal) can only be received with wider analog beam at the TRP with no or low analog beamforming gain, which should be reflected in setting the power level of the UL transmission.
· UL CoMP 
This is similar to LTE Rel-11 UL CoMP but may be encountered more frequently in NR, and therefore it should be considered as an important scenario for NR to address, including the UL PC aspect. In LTE Rel-11 UL CoMP, one UL PC setting based on the serving cell is used by a UE for all serving TRPs, and thus, the received signal power levels at some TRPs may be higher or lower than desired. How UL PC can be enhanced to better support UL CoMP needs to be discussed.
· Multiple numerologies 
A UE may support multiple numerologies, and how UL PC should be set for the different numerologies needs to be discussed.
· UL beacon transmission without previous reception of DL from the (potential) target TRP
In NR, it may be useful to introduce a new UL signal, or UL beacon, to be transmitted by a UE so that neighboring TRPs can discover the UE without relying on DL of the TRPs. In this case, the UE does not know the target(s) of the transmission, nor the PL estimate to the target(s). How the UE may set it power needs to be discussed.
· Dynamic TDD (D-TDD) may require further enhanced UL PC to reduce UE-UE interference 
D-TDD is a much more flexible and dynamic evolution of eIMTA. As a result, the dual-loop UL PC enhancement introduced in eIMTA which is subframe set dependent may become insufficient, and UL PC should be further enhanced when considering D-TDD.
To summarize, we have the following observation.
Observation 1: The following scenarios should be studied for NR UL PC:
· No CRS for PL estimate
· Beam-based transmissions/receptions
· Analog beamforming at eNB/UE
· UL CoMP 
· Multiple numerologies 
· UL transmission without previous reception of DL 
· Dynamic TDD 
Preliminary considerations for uplink power control options
First of all, the LTE UL PC, or fractional power control (FPC), provides a general framework and is expected to work well for any OFDM or SC-FDM based systems. The general form of UE transmission power is

 [dBm]
in which the UE maximum power, bandwidth allocation factor, open-loop power control, MCS factor, and closed-loop offset are captured. Clearly, this mechanism is quite comprehensive and flexible. This should be used as the baseline for the framework of NR UL PC.
Nevertheless, some variations or enhancements may need to be introduced in NR to address the new scenarios described in the previous section. Some options are briefly listed below for further considerations.
· No CRS for PL estimate
One possible option is that, PL estimate may be based on DRS, SS, non-UE-specific DL RS, or other long-term DL RS.
· Beam-based transmissions/receptions
PL estimate may be based on beams, i.e., beam-specific PL estimate may be used. Moreover, narrow-beam DL RS may not provide robust estimate of PL, and the associated high beamforming may cause the UE to underestimate the PL. Therefore, wide-beam DL RS should be used for PL estimate; this may lead to higher than necessary UL transmission power if the transmission is narrow-beam, but as described before this may not interfere any TRP due to the narrow-beam nature of the transmission.
· Analog beamforming at eNB/UE
In order to support grant-free UL transmission, the TRP reception has to use wide analog beam, and hence the UL PC for any grant-free transmission should not be based on narrow-beam DL RS. An option is to use wide-beam, long-term DL RS for PL estimate and UL PC of all grant-free UL transmission.
· UL CoMP 
A potential enhancement is to specify TRP-specific UL PC setting for UL CoMP; that is, the UE applies different UL PC settings for different TRPs. This was already discussed during LTE Rel-11 but not standardized. This can be generalized to cover multi-beam UL transmissions.
· Multiple numerologies 
For multiple numerologies, multiple UL PC settings may be provided. In other words, a UE with multiple UL numerologies may need to support multiple numerology-specific UL PC settings.
· UL transmission without previous reception of DL 
In this case, UE cannot obtain the PL estimate. One option is that the serving eNB may signal a PL estimate (or UL transmission power) to the UE, and the signalled value may be estimated by the eNB based on, e.g., TRP density near the UE, any other side information, etc., which is mainly an implementation issue. 
· Dynamic TDD 
More advanced techniques for determining the UE-UE interference level and setting the UL transmission power need to be considered.  Due to the dramatic fluctuation of interference level in time domain, instant and accurate measurement or sensing may be needed to enable the further enhancement of UL PC for D-TDD.
To summarize, we have the following proposal:
Proposal: The following standard support should be considered for NR UL PC:
· Fractional power control still as framework
· Beam-specific PL measurement (based on wide beam RS) 
· Separate PC settings for UL CoMP (or more generally multi-beam UL)
· Numerology-specific parameter setting
· Solution for PC without DL reception
· Solution for PC in D-TDD 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
In this contribution, the new scenarios to be considered for NR UL PC were discussed, and some design options were presented. We have the following observation and proposal:
Observation 1: The following scenarios should be studied for NR UL PC:
· No CRS for PL estimate
· Beam-based transmissions/receptions
· Analog beamforming at eNB/UE
· UL CoMP 
· Multiple numerologies 
· UL transmission without previous reception of DL 
· Dynamic TDD 

Proposal: The following standard support should be considered for NR UL PC:
· Fractional power control still as framework
· Beam-specific PL measurement (based on wide beam RS) 
· Separate PC settings for UL CoMP (or more generally multi-beam UL)
· Numerology-specific parameter setting
· Solution for PC without DL reception
· Solution for PC in D-TDD
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