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1. Introduction

The requirements for power class 2 HPUE in LTE are limited to applicability only in TDD UL/DL configurations 1 to 5, in order to manage the uplink duty cycle.  For NR, the TDD UL/DL configuration has far greater flexibility.  It remains to be agreed how to manage the uplink duty cycle for HPUE in NR.
2. Discussion

It is necessary to restrict the uplink duty cycle of the UE when transmitting at higher powers in order to manage aspects such as SAR, thermal capacity for smartphone form factors, and power consumption constraints.  For LTE, this was managed by restricting applicability of HPUE to TDD UL/DL configurations from 1 to 5 only.  Although greater flexibility was introduced in more recent releases of LTE, the original concept is that TDD UL/DL configurations would be relatively static.  Therefore, when a UE is active on the cell, it is expected that the uplink duty cycle would be well controlled by the UL/DL configuration.  On the other hand, for NR, the design is such that a much greater degree of flexibility is built-in.  There are a much larger number of TDD UL/DL slot formats, flexible slots are available which can be scheduled for either uplink or downlink, the uplink and downlink can change every symbol, and the slot format can be either semi-static or scheduled dynamically.  
Two options for consideration are presented in [1].  Option 1 is to not restrict the slot format.  RAN1 has so far specified 62 different slot formats.  Without a restriction on slot format, the uplink duty cycle must be otherwise controlled.  For example, a constraint might be imposed on the network scheduler to limit the number of uplink symbols in one or more uplink grants over a period of time.  However, the disadvantage of this approach is the complexity required in the scheduler as well as a difficulty for the UE to demonstrate SAR compliance for regulatory purposes or to ensure thermal and power supply limits are met.  As another example, the UE might internally monitor how often and at what power it is transmitting and autonomously reduce power or momentarily suspend transmission by applying P-MPR for a period of time as needed.  In the limiting case that the UE is not capable of self-monitoring, then it can always apply P-MPR effectively regressing to a power class 3 UE.  The disadvantage of this approach is that UE behavior is less predictable from UE to UE, and may even vary within the same UE.  As a consequence, network planning may be more challenging and the full benefit of HPUE may not be realized if uplink scheduling is too aggressive; i.e., UE’s will be forced to back off power to protect the health and well-being of the user and the integrity of the device.
A second option presented in [1] is to restrict the TDD slot format.  This is a similar approach to that taken for LTE in that it guarantees the uplink duty cycle to be below some threshold, subject to the inclusion of flexible symbols.  In the most conservative interpretation where flexible symbols are counted as uplink symbols, restricting TDD slot formats to those with less than 50% duty cycle results in 17 of 62 slot formats available for HPUE.  These are slot formats as shown below.  Note that 50% is chosen in this case for a power class 2 UE with maximum output power of 26 dBm.  If a higher power class is defined, say 29 dBm, the duty cycle will have to be reduced accordingly below 50%.
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By taking a “statistical” approach and assuming that half of the flexible symbols are used for uplink while half are used for downlink, the number of slot formats available increases to 33.
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In the first case, an uplink duty cycle restriction of 50% is guaranteed, but the flexibility in slot formats is significantly reduced.  In the second case, the uplink duty cycle restriction of 50% is only met in a statistical sense, but retains greater flexibility in slot formats.
Another aspect of flexibility introduced in NR is the ability to dynamically change the slot format, as frequently as every slot (14 symbols) in theory.  This flexibility also poses a challenge to the HPUE trying to limit its uplink duty cycle.  However, the same two options of not restricting or restricting the slot formats can still be applied.  
Neither of the options in [1] is ideal; there are tradeoffs to each.  However, if it can be envisioned that a macro network is more likely to adopt a semi-static TDD format, whereas a small cell might be more likely to adjust uplink/downlink in a more dynamic manner and if it can be further presumed that the benefits of HPUE are more likely to be observed in a macro network, then a reasonable solution can be found.  For example, in such a situation, a macro network might configure a semi-static TDD format using either the restricted 17 format set, the 33 statistically restricted set, or some compromise in between.  In this way, the macro-cell may be able to take advantage of HPUE in a predictable manner.  On the other hand, for small cells, no restriction would be placed on TDD format and the HPUE will autonomously transmit at higher power when requested according to its implementation.  
From the UE perspective, the UE would be required to operate as HPUE in the case that the TDD format is semi-statically configured in the cell and is constrained to be within a restricted set of TDD formats (it is TBD whether the restriction is to 17 formats, 33 formats, or another compromise).  If the TDD format is outside of the restricted set of TDD formats, the UE must still operate as HPUE, but may take P-MPR autonomously according to its implementation.  If these ideas are agreeable, then necessary adjustments to the specifications to ensure behavior should be discussed.
3. Conclusion

This contribution provides further discussion on the impact of TDD slot format in NR to HPUE and the need to limit its uplink duty cycle.  Advantages and disadvantages are discussed for the option of restriction the slot format and not restricting the slot format.  A proposal to allow for both options is presented in hopes of capturing the benefits in likely deployment scenarios.
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