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Discussion and Decision
1
Introduction
In this contribution we provide our first input related to uplink transmit power control for the 5G new radio design. We take the uplink power control mechanism standardized for LTE as the basis, and argue for proceeding with more detailed studies towards having enhanced functionality and performance for the 5G new radio design. Some of the enhancements we propose to have studied are motivated by the new use cases and requirements in [1].  
The rationales leading to the various proposals are outlined in Section 2, while the list of proposals are summarized in Section 3.
2
UE transmit power control considerations 
2.1 
Fundamentals of uplink power control
The purpose of UE transmit power control is two fold: (i) to keep the differences in received power levels from different users within the same cell at an acceptable level, and (ii) to act as the primary inter-cell interface coordination method for the uplink. As the UE transmit power control for LTE was indeed designed to fulfil these objectives, we start by suggesting the following: 
Proposal 1: The LTE-alike uplink power control with open loop UE transmit power adjustment supplemented by the option of power control commands from the eNB shall be the baseline.

However, despite the success of LTE, there are a number of enhancements for uplink transmit power control that we suggest to consider for the 5G new radio design. First, the LTE open power control is mainly a function of the path loss towards the UEs serving cell, without including explicit mechanisms for controlling the generated harmful interference to neighboring co-channel deployed cells. Controlling the generated uplink inter-cell interference is naturally of importance for multi-cell environments, having significance for both macro type of environments, as well as for dense small cell scenarios. Numerous studies have shown that the uplink performance is improved by operating the UE transmit power control to include interference-awareness. Note that the acceptable level of generated interference from a UE to a neighbouring cell depends also on the traffic in that particular cell. If the neighbouring cells for a UE are lightly loaded, interference is less critical, while cells operating at high offered loads a much more sensitive to interference. These observations lead to the following:
Proposal 2: Enhancements where the open loop UE transmit power control is adjusted to also explicitly take into account the interference generated to neigboring co-channel deployed cells shall be investigated. The acceptable generated interference depends also on the load of the neighbouring cells.
2.2 
Service-specific enhancements
According to [1], the 5G new radio shall support new services such as URLLC and mMTC, as well as diverse deployment scenarios (i.e. from rural areas with outdoor eNBs having large ISD to indoor dense small cell cases) . Those new services come with requirements and optimization targets that are different from traditional MBB (and eMBB), and hence could benefit from service-specific UE transmit power control enhancements. Especially fulfilling the URLLC requirements is challenging. The associated ultra-reliability requirement of 10e-5 for URLLC requires a rather good SINR with high probability, which naturally depends on the transmit power settings. Assuming that transmissions carrying URLLC accounts only a fraction of the offered traffic, solutions with e.g. UE autonomous service-specific power boosting could be one option for enhanced URLLC support, (among others). Hence, leading to the following proposal:
Proposal 3: Service-specific power control enhancements to fulfil the URLLC requirements shall be studied, e.g. considering UE autonomous power boost of uplink critical transmissions to fulfil URLLC requirements. 

Also the mMTC use cases may benefit from service-specific power control enhancements as compared to what is supported in current LTE specifications. Uplink sporadic (infrequent) mMTC transmissions may likely be served using non-scheduled / contention-based access with non-orthogonal intra-cell access. For such schemes, the uplink power control is obviously of importance as influencing on the mMTC coverage/availability (i.e. cell-edge performance and number of supported mMTC devices per geographical area). Further considerations must be made for reducing the UE energy consumption while maintaining target performance level for all devices in the cell. Thus, resulting in the following suggestion:
Proposal 4: The UE power control solution for non-scheduled (contention-based) uplink transmissions shall be further studied with the primary objective of arriving at solutions that fulfils the mMTC availability, UE energy consumption, and cell capacity requirements.

2.3 
Enhancements for dynamic TDD operation

For scenarios with dynamic TDD operation, where neighboring cells are not necessarily using identical and synchronized uplink/downlink transmission patterns, the UE transmit power control not only impact on the uplink performance (i.e. eNB reception), but also on the downlink UE reception performance. The latter is the case for situations where a UE in one cell is transmitting while another nearby UE is receiving from a different cell. For such cases, there is one additional dimension to the power control optimization problem that needs to be taken into account in the design of UE transmit power control. Special UE power control optimizations for TDD use cases could therefore be used as tool to enable higher flexibility for cells in the same geographical area to use different transmission direction switching patterns, i.e.,
Proposal 5: For scenarios with dynamic TDD, options for enhanced UE power control to enable greater flexibility for individual cells to select different uplink/downlink switching patterns shall be investigated. 

2.4 
Cases with uplink multi-node connectivity

Cases with uplink multi-node connectivity are envisioned to also be supported for the 5G new radio. Uplink Dual Connectivity (DC) is supported already for LTE, where the a UE can transmit to both a MeNB and SeNB, having independent MAC schedulers, and configuration of power control parameters per link. The former is known to result in non-optimal power control settings and link adaptation operations, since the two involved eNBs are unaware of each other’s scheduling and link adaptation decisions. This is especially causing challenges for cases where the UE is having a single power amplifier (i.e. shared power source) for the transmission paths towards the MeNB and SeNB. As a non-exhaustive example, see more details in [2], where an enhanced power control solution for UEs operating with uplink  DC is proposed, showing promising performance benefits. Thus, given that 5G is expected to support even richer multi-node connectivity options as compared to LTE (e.g. (simultaneous) connectivity to more than two eNBs, connectivity between lower and higher frequency bands), specific power control optimizations for such cases shall be studied, i.e., 
Proposal 6: For cases where the UE is operated in uplink multi-node connectivity mode, the power control functionality shall be revisited to have the best possible solution. 

3
Conclusion
The contribution is concluded by summarizing our proposals as follows: 

Proposal 1: The LTE-alike uplink power control with open loop UE transmit power adjustment supplemented by the option of power control commands from the eNB shall be the baseline.
Proposal 2: Enhancements where the open loop UE transmit power control is adjusted to also explicitly take into account the interference generated to neigboring co-channel deployed cells shall be investigated. The acceptable generated interference depends also on the load of the neighbouring cells.

Proposal 3: Service-specific power control enhancements to fulfil the URLLC requirements shall be studied, e.g. considering UE autonomous power boost of uplink critical transmissions to fulfil URLLC requirements. 
Proposal 4: The UE power control solution for non-scheduled (contention-based) uplink transmissions shall be further studied with the primary objective of arriving at solutions that fulfils the mMTC availability, UE energy consumption, and cell capacity requirements.
Proposal 5: For scenarios with dynamic TDD, options for enhanced UE power control to enable greater flexibility for individual cells to select different uplink/downlink switching patterns shall be investigated.  

Proposal 6: For cases where the UE is operated in uplink multi-node connectivity mode, the power control functionality shall be revisited to have the best possible solution. 
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