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1	Overall description
RAN2 has added the handling of high power UEs (HPUEs) using CRs 2203 and 1333 in RAN2#94. With this feature the HPUEs can operate in LTE NWs by signalling the high power classes per band in their UE capability message. However the effect of transmitting using high power by these UEs in NWs where the p-Max is not broadcasted in the SIBs or RRC messages needs analysis. This paper provides the impact of this and proposes solutions.
2	p-MAX handling 
2.1	Impact of p-Max handling on HPUEs
Using R2-163350 RAN2 agreed to introduce HPUE feature which allows HPUEs to operate in LTE NW. This feature is introduced in release-13.  RAN2 also decided to send an LS to RAN4 using R2-164556, on requesting RAN4 to define a default power class for each of the bands.  The notes for this is pasted below for reference:
R2-163350     Email Discussion 94-18 HPUE RAN4 LS   SPRINT Corporation     report
result of email discussion [93bis#18][LTE/HPUE]
-     Intel wonder what is the need to have this from Rel 13. Sprint would like this to be included in R13 UEs and don’t see an issue with doing this.
-     Qualcomm think the band support is release independent. OK to add this in R13.
-     Huawei share the view from Qualcomm and so ok to add this in R13. Samsung agree.
Agreements:
1.   Add in Rel 13 a new per band capability to indicate the power class to the eNB.
[bookmark: _Toc452073367]=>  LS to RAN4 to inform them out decision from this meeting. R2-164488 (Sprint)

R2-164488     Draft reply LS to RAN4 on HPUE  Sprint   LS out
=>  Final sentence changed to " Furthermore, RAN2 asks RAN4 to define a default power class per band in TS 36.101 Rel-13."
=>  Approved in R2-164556

The NW can control the initial transmit power of the UEs in idle mode who are transitioning to connected mode (for RACH purposes and initial connection establishment procedures). This is done using the IE p-Max in the system information which is used for initial pathloss estimates and other calculations.
Similarly, the NW can control the UE transmit power for the UEs in CONNECTED mode using the same p-Max IE in a dedicated RRC message.
Until the introduction of HPUE feature, the default power to be used by the non-BL/non-CE UEs for most of the LTE bands was 23dBm (defined in power class 3 – PC3 in TS36.101). HPUE feature introduced additional power class PC1, PC2 (and potentially PC4) which allow higher maximum transmit power by the UEs that support this feature.
Since PC3 was the default power class by the most of the UEs, legacy eNBs (pre-release 13) could skip the IE p-Max in system information or in RRC dedicated messages with the assumption that the UEs are capped by PC3 power class.
p-Max
Value applicable for the cell. If absent the UE applies the maximum power according to the UE capability. NOTE 2.

NOTE 2: E-UTRAN sets this field to the same value for all instances of SIB1 message that are broadcasted within the same cell.

But the introduction of HPUEs, together with the procedural handling performed by the UE in case the IE p-Max is absent, can result in the HPUEs using higher power than the NW anticipates when transitioning from idle mode.
This is a very practical case as many of the pre-release-13 eNB and eNBs which have not implemented the HPUE CR may skip transmitting p-Max, assuming that the power is capped at PC3.
Observation 1: If the p-Max IE is absent in a network that does not support HPUE feature (pre-release 13 eNBs and rel-13 or later version eNBs which have not implemented the HPUE CR), the HPUEs can transmit at a higher power than anticipated by the NW, thereby creating interference at the eNB.
The same problem also comes up in connected mode if the eNB skips transmitting p-Max in dedicated RRC messages to the UE. Especially when the legacy eNBs do not comprehend the new power class IEs in the UE capability message.
Both of these can create interference to the eNB reducing the efficiency of the overall operation of the cell. While the eNB can still use the p-Max in dedicated RRC messages signalling for UEs in CONNECTED state, the interference created by the UEs in IDLE mode transitioning to CONNECTED mode may be hard for the eNB to control.
Observation 2: While the NW can control the HPUE transmit power with p-Max in dedicated RRC message in CONNECTED state of the UE, the interference problem can be more pronounced when the HPUEs are transitioning from idle to connected mode and use the higher power class for transmit power calculations, as the NW might not be able to control the transmit power of the UE using p-Max with the dedicated RRC message at the transition stage. 
Observation 3: Before the introduction of the HPUE feature, PC3 was the power class with the maximum allowable transmit power. RAN4 is working on making the PC3 as the default power class for all the bands for non-CL and non-BE UEs.
Since the LS to RAN4 also requests the definition of default power class for each of the bands, and before the introduction of this feature, the max power was capped at PC3, we propose that the procedural change in handling the p-Max (absence of this IE) in the UE from release-13 onwards where the HPUEs shall use the higher power only when the p-Max IE is present and when the IE is absent, the UEs shall use the default power class for the bands on which the UE has to transmit. The default power class is defined in TS36.101. 
Proposal 1 : RAN2 to agree from release-13 that the UE shall use the default power class for the band on which the UE has to transmit, if the IE p-Max is absent. The UE shall not use the maximum power according to its capability if the p-Max IE is absent.
2.2	Text proposal  
p-Max
Value applicable for the cell. If absent the UE applies the power from the maximum default power class for the band it is using for transmission.according to the UE capability. NOTE 2.

NOTE 2: E-UTRAN sets this field to the same value for all instances of SIB1 message that are broadcasted within the same cell.

3	Conclusion
Observation 1: If the p-Max IE is absent in a network that does not support HPUE feature (pre-release 13 eNBs and rel-13 or later version eNBs which have not implemented the HPUE CR), the HPUEs can transmit at a higher power than anticipated by the NW, thereby creating interference at the eNB.
Observation 2: While the NW can control the HPUE transmit power with p-Max in dedicated RRC message in CONNECTED state of the UE, the interference problem can be more pronounced when the HPUEs are transitioning from idle to connected mode and use the higher power class for transmit power calculations, as the NW might not be able to control the transmit power of the UE using p-Max with the dedicated RRC message at the transition stage. 
Observation 3: Before the introduction of the HPUE feature, PC3 was the power class with the maximum allowable transmit power. RAN4 is working on making the PC3 as the default power class for all the bands for non-CL and non-BE UEs.
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