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1. Introduction

During the study item to investigate the feasilibilty of high power UE in Band 41, and in the work item that follows, certain conditions have been identified where the HPUE should behave more similarly to a tradtional class 3 UE.  This contribution discusses power class fallback from class 2 to class 3.
2. Discussion

2.1. Definition and motivation
We refer to the concept of “power class fallback” (PC fallback) as a class 2 capable UE operating as if it were a class 3 device.  Most obviously, this means that the UE should only transmit at most 23 dBm output power, subject to error due to allowed tolerance.  However, this also means that the UE should meet all class 3 performance requirements, including UTRA ACLR or applicability of all TDD frame configurations, which is not required of the Band 41 class 2 device.  In fact, this aspect was already presented and discussed in [1].
In addition to all class 3 requirements being met, any allowances offered to a class3 device should also be offered to the class 2 device in fallback.  Specifically, any relaxations in maximum output power such as MPR and A-MPR should be computed with respect to class 3 output power levels (Ppowerclass = 23 dBm) when operating in PC fallback.
When is it necessary or desirable for a class 2 capable UE to act as though it were a class 3 UE?  Although the Band 41 HPUE class 2 device is specified to operate at a maximum output power of 26 dBm, there are occasions where it may be beneficial or even required that the device operate with a lower maximum output power.  The following are occasions where power class fallback would be either required or may be beneficial
1. When the device operates in a regulatory regime (i.e., Japan) that imposes a limit on the maximum output power,

2. If the TDD network frame configuration is set to 0 or 6 since in accordance with the findings of the study item, HPUE specifications are only defined for TDD configurations 1 – 5,
3. When carrier aggregation and/or dual connectivity is configured since HPUE is only defined for single carrier operation in the scope of the work item,

4. If the network operator prefers to limit device power to class 3 output power levels, perhaps for reasons of potentially improved coexistence.

We note that the occasions for which the UE should operate in a fallback mode, i.e., in class 3 mode, are not necessarily known to the UE.  For example, the UE is not anticipated to be aware of conditions 1 and 4 above and therefore must be informed by the network.

2.2. Requirements

When the UE is operating in class 3 fallback, it should behave as closely as possible as if it were natively a class 3 device.  In particular, all of the requirements for class 3 should apply.  This is necessary since the requirements may differ for different power classes.  For example, it was agreed to tighten the E-UTRA ACLR for the HPUE to 31 dB and not to specify the UTRA ACLR for the HPUE in Band 41.  Moreover, as mentioned above, the requirements for HPUE are not applicable to TDD configurations 0 and 6.  

Not only should all class 3 requirements apply, but the allowances to configured maximum power (Pcmax) should also apply in the same manner that they do for a native class 3 device.  


PCMAX_L,c = MIN {PEMAX,c – TC,c,  PPowerClass – MAX(MPRc + A-MPRc + ΔTIB,c + TC,c + TProSe, P-MPRc)}

This means that for the class 2 device operating in power class fallback, its PPowerClass should be regarded (and signaled if necessary [2]) as 23 dBm.  In this manner, the HPUE most closely mimics a native class 3 device.  

Allowing MAX(MPRc + A-MPRc + ΔTIB,c + TC,c + TProSe, P-MPRc) to be referenced to 23 dBm also gives opportunity for the UE to simultaneously optimize PA performance for both class 2 operation and class 3 operation.  The application of MPR, A-MPR, etc., to be the same as a native class 3 UE then also allows the class 2 UE to be closer to parity in current consumption with the native class 3 device.  Moreover, since the network is mandating or requesting power class fallback (i.e., class 3 operation due to one of the reasons stated above), then by definition the network is sized according to native class 3 UE output powers including MPR, A-MPR, etc.  Allowing the HPUE in power class fallback to behave similarly provides the benefit that the same UE can be attractive to both class 2 operators as well as class 3 operators thereby encouraging a greater adoption of the HPUE.

2.3. Triggering PC fallback

As described above, the UE is not necessarily aware of when PC fallback from class 2 to class 3 would be necessary; hence, there must be an indication from the network at least for these instances where the UE cannot autonomously fall back.  It was discussed [1] that it may be possible to use the existing Pmax IE as the means to limit the output power from the HPUE.  This removes the need to define additional new signaling.  For example, by signaling Pmax of 23 dBm, it may be possible to effectively trigger the UE to fallback to power class 2.  However, there are a few shortcomings with this approach that would need to be addressed.
Firstly, the signaling of Pmax does not implicate the UE to conform to any of the other class 3 requirements besides the Pcmax.  Secondly, as shown in the Pcmax equation, the signaling of Pcmax does not allow the class 2 UE to take advantage of MPR, A-MPR, etc., so the HPUE will be unnecessarily consuming additional current.  Nonetheless, it is our view that using the Pmax IE as a means to trigger PC fallback is the most expedient approach given the time schedule of the work item. We recommend that necessary adjustments are made to the specification to reflect the correct behavior for PC fallback when Pmax is signaled.  Such changes are implemented in [3].
For instances where the UE can autonomously fall back, for example when it identifies the TDD frame configuration as 0 or 6 or if the network configures the UE for carrier aggregation, then the signaling of Pmax to 23 dBm is not strictly necessary, but neither is it forbidden.  The specifications should define these cases and specify that the UE should then operate as a class 3 device.  Such changes are implemented in [3].

3. Conclusion

This contribution discusses the aspect of “power control fallback”; that is, the operation of a PC2-capable UE behaving as if it were a native PC3 UE.  Motivation is provided as well as a description of the requirements.  Finally, a mechanism to trigger the fallback behavior is discussed.  The implementation of the concepts in this paper can be found in the draft CR for HPUE [3].
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