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Discussion/Decision
1 Introduction
The UE transmit power for PUSCH and PUSCH was discussed in RAN#82bis and the followings were agreed [1]. 
Agreement:

· For a UE transmitting PUSCH or PUCCH with repetitions, the PUSCH or PUCCH transmission power remains constant over X > 1 subframes.

· For small repetitions, the UE transmission power is determined at the first subframe among the X subframes. 

· For other repetition cases, 

· For PUSCH, the power is always Pcmax,c(i)

· Ask RAN4 whether or not Pcmax,c(i) can be a constant over X subframes. If not, a constant power based on Pcmax,c(i) is requested from RAN4 

· For PUCCH, FFS the power level

· FSS: the value(s) of X.

This contribution will considers some remaining FFS points regarding the transmit power aspects for UE in limited coverage.

2 Discussion
When a Rel-13 low-cost UE transmits PUSCH or PUCCH without repetitions, there is no difference from Rel-12 UEs except that the Rel-13 low cost UE transmits PUSCH or PUCCH within a narrowband. Therefore, a Rel-13 low-cost UE should follow legacy UE behavior for the transmission power of PUSCH or PUCCH.
According to the above agreement in RAN1#82bis, the UE transmission power for PUSCH or PUCCH can be changed only after a set of X subframes – the UE should maintain the same transmission power during the X subframes in order to maintain phase continuity. However, the number of X subframes is FFS. Since cross-subframe channel estimation substantially can reduce the number of repetitions, and therefore provide significant gains in UL spectral efficiency and UE power consumption, X should be set considering cross-subframe channel estimation. A possible value for X is the frequency hopping granularity YCH for PUSCH or PUCCH, respectively, or the number of repetitions in case of no frequency hopping (for the PUSCH). 
Proposal 1: The number of X subframes where a UE maintains constant transmission power is equal to the hopping granularity, YCH. Frequency hopping for PUSCH/PRACH is separately enabled/disabled.
For a large number of repetitions, a UE uses PCMAX,c(i) for PUSCH transmission if RAN4 confirms that PCMAX,c(i) can be a constant over X subframes. The transmission power is FFS for the PUCCH. According to TS36.101 [2] and the TS36.213 [3], PCMAX,c(i) is the largest value a UE can use for UL transmission. Maximum transmission power is beneficial to reduce the number of repetitions required to meet target coverage. Even though the total emitted power from a UE antenna may be similar for same coverage extension regardless of UE transmit power, the reduced number of repetitions is beneficial to reduce the transmission power of baseband and to increase the UL spectral efficiency. Therefore, the transmission power of PUCCH for CE mode B should also be PCMAX,c(i) if RAN4 confirms that PCMAX,c(i) can be a constant over X subframes. 
Proposal 2: The PUCCH transmission power for CE mode B is PCMAX,c(i)
Even for small repetitions, the UE transmit power for PUSCH or PUCCH can be PCMAX,c(i). If all CE UEs have same transmit power, i.e. PCMAX,c(i), PUSCH and PUCCH power received at the eNB is dependent on the UE path-loss and can have large variations depending on the UE locations within a cell. Therefore, “near-far effect” can exist among transmissions from UEs having a same repetition number (‘near-far’ effects occur considering timing errors – for PUSCH, they can exist in case of orthogonal multiplexing using OCCs among repetitions from different UEs).
A PUCCH PRB can be shared by multiple UEs in a cell. Considering a maximum 4 dB difference between UEs for the same number of repetitions (or CE level) and existence of timing errors, the near-far effects can lead to a degradation of ~2.5 dB at 1% BLER or ~4 dB at 0.1% BLER [4] compared to ideal operation. Clearly, without compensating for near-far effects, the additional BLER degradation can significantly increase the number of required repetitions (>2x) and therefore increase UE power consumption. In addition, if UEs with different numbers of PUCCH repetitions (different CE levels) multiplex respective PUCCH transmission in a same PRB, the near-far effects can lead to an error floor. Therefore, closed loop power control using TPC command should be supported for PUCCH with small repetitions. However, since different PUSCH resource is allocated per UE therefore there is no PUSCH intra-cell interference, power control for PUSCH transmission with small repetitions is not necessarily required unless PUSCH transmissions from different UEs are orthogonally multiplexed. 
Proposal 3: Closed loop power control using TPC commands is supported for PUCCH transmissions with a small number of repetitions.

3 Conclusion

This contribution considered remaining issues for UE transmit power for Rel-13 LC/CE UE and proposed the following.

Proposal 1: The number of X subframes where a UE maintains constant transmission power is equal to the hopping granularity, YCH. Frequency hopping for PUSCH/PRACH is separately enabled/disabled.
Proposal 2: The PUCCH transmission powerfor CE mode B is PCMAX,c(i)
Proposal 3: Closed loop power control using TPC commands is supported for PUCCH transmissions with a small number of repetitions.
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