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Introduction

Apart from the full power issue which has been discussing since RAN1 #94b meeting [1][2][3], more enhancements for power control in Release 16 should also be considered, e.g. multi-panel UL operation considering single TRP or multi-TRP reception. We provide some preliminary considerations in this contribution.

UL power control enhancements for multi-panel operation
Panel specific power control for multi-TRP 
Basic multi-panel UL transmission has been supported in Rel-15 for the UEs equipped with multiple panels. Although beams from different panels could be used for UL transmissions simultaneously, these beams have to share the same power control parameters. 

In Rel-15, gNB configures mappings between candidate SRIs and power control parameters which include P0, alpha, PL-RS, closed loop power control ID (CLPC). SRI which is SRS resource indication field in DCI 0_1 indicates one or more SRS resources for non codebook based transmission. If a PUSCH transmission is scheduled by gNB through DCI 0_1, UE gets the power control parameters for the PUSCH transmission according to SRI in the DCI 0_1 and the mapping between SRIs and power control parameters.

As shown in figure 1-1, beam #1 from panel #1 and beam #2 from panel #2 at UE side can receive or transmit transmissions simultaneously. When beam #1 and beam #2 are scheduled to transmit PUSCH transmission simultaneously, they share the same P0, alpha, PL-RS, CLPC ID. Regarding pathloss estimation, although only one DL PL-RS is indicated, it could be received by both beam #1 and beam #2 which means there are two pathloss values PL_1 and PL_2. However, only one pathloss is supported in Rel-15 power control formula, so how to calculate one pathloss depends on UE implementation. This is not accurate but acceptable for only one TRP in Rel-15. Then the power is split equally among all the simultaneous beams or ports. 
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Figure 1-1                                                                            Figure 1-2
In Rel-16, multi-TRP for gNB is one of important enhancements. As shown in figure 1-2, beam #1 from panel #1 and beam #2 from panel #2 are expected to cover different TRPs. Since different TRPs cannot be considered co-sited, PL_1 and PL_2 are most likely very different, especially when we consider different channel and different interference experienced in different TRPs. Thus it is better to support independent power control procedure for different panel-TRP links so that transmissions on different beams could be transmitted at different power. When one TPR experiences higher interference, gNB would ask UE to promote the transmit power on corresponding panels. Furthermore, independent power control per panel could also help to coordinate interference among multiple gNBs to reach a higher system throughput.

Whether all of these parameters or only part of them need to be independently configured should be discussed further based on the main use cases. Note that power control parameters include open-loop PC parameters, PL-RS parameters, CLPC parameters and TPC command and can be evaluated one by one.

With independent power control for each panel, panel specific power limitation may need to be considered. Power should firstly be calculated for each transmission, then the sum power of all simultaneous transmissions within one panel could not be larger than the maximum transmit power of this panel, and the sum power of all simultaneous transmissions among all panels could not be larger than the maximum transmit power of UE. The maximum transmit power of a panel can reach up to the maximum transmit power of UE as long as the PA has such capability. And lower capability PA should also be conveniently supported with panel specific power limitation scheme.
Proposal-1: panel specific power control should be supported in Rel-16.

Power control considering ideal backhaul and non-ideal backhaul for multi-TRP

For multiple TRPs, whether ideal backhaul is supported affects the power control scheme.
When non-ideal backhaul is supported, multiple PDCCHs are supposed to be necessary. Dynamic power allocation between beams is hard to implement. Independent power control parameters may be needed in this case. Some power sharing/scaling rules between multiple beams/panels not requiring dynamic signaling should be considered in this case.
When ideal backhaul is supported, power allocation between beams is relatively easy to implement. Some power control parameters can be shared between beams for lower overhead. And these shared parameters can be carried by physical layer signaling and/or MAC CE for dynamic flexibility. Power allocation can be considered dynamically for different combinations of simultaneous transmitted beams considering different inter-beam interference among different beam combinations from different panels.
Proposal-2: both ideal backhaul and non-ideal backhaul should be considered for multi-TRP power control in Rel-16.
Power control for simultaneous transmission of UL channels/signals

In Rel-15, only limited kind of simultaneous transmission of UL channels/signals is supported. If simultaneous transmission is allowed, it relies on network to ensure that the same spatial domain filter is used for simultaneous transmission. In Rel-16, enhancements can be considered to allow more flexible simultaneous transmission of UL channels/signals if we consider especially the cases where it is hard to ensure the same spatial domain filter e.g. multi-TRP scenario or urgent traffic like URLLC.

In some cases, more advanced simultaneous transmission rules like beam overriding should be considered. Then power control should be aligned with the beam overriding rule which can be dynamic. The rules of simultaneous transmission of UL channels/signals and the corresponding power control rules should be considered for various cases e.g.
Simultaneous UL transmission for one TRP
Simultaneous UL transmission for multi-TRP
Simultaneous UL transmission using single beam

Simultaneous UL transmission using multiple beams/panels

Simultaneous UL transmission considering priority of different channels/signals/traffic types 

Proposal-3: simultaneous transmission of UL channels/signals should be considered for power control in Rel-16.
Conclusions
In this contribution, we analyzed the potential issues on NR Rel-16 power control. Also proposals are as follows.

Proposal-1: panel specific power control should be supported in Rel-16.
Proposal-2: both ideal backhaul and non-ideal backhaul should be considered for multi-TRP power control in Rel-16.

Proposal-3: simultaneous transmission of UL channels/signals should be considered for power control in Rel-16.
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