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Discussion/Decision
1 Introduction
The transmission power from a UE in coverage enhanced operation has been so far assumed to be the maximum one with the possible exception for the RA preamble transmission power. However, the transmission power from a UE is an important consideration as it can directly affect UE power consumption, DMRS filtering at the eNB and, in case of orthogonal multiplexing of transmissions from multiple UEs in same resources, it can be associated with near-far effects particularly in the presence of timing errors. This contribution considers UE transmit power control aspects for PUSCH or PUCCH transmission from a UE operating in enhanced coverage (RA preamble transmission is considered in [9]).
2 Discussion
Periodicity for UE transmit power control
In RAN1#80, there was an agreement on coverage enhancement for PUSCH transmission as below [1].

Agreements:
· For ‘physical channel(s) carrying UL data’ repetition (including different RVs) for Rel-13 low complexity MTC UEs with a coverage enhancement mode, the following techniques are supported
· Multiple-SF channel estimation

· Frequency hopping over system bandwidth across subframes
· Network can enable or disable the hopping
· FFS details of configuration

· FFS on other techniques

In RAN1#81, there was an agreement on PUCCH transmission for UEs operating coverage enhancement as below [2].

Agreements:

· For UEs operating coverage enhancement for PUCCH
· PUCCH frequency hopping is always used

· Hopping is between at least two PUCCH narrowband regions.

· PUCCH frequency location for Rel-13 low complexity UEs in enhanced coverage stays the same for at least X subframes

· FFS the value of X

· FFS whether or not slot-level hopping across narrowbands is supported

· If slot-level hopping is supported, the PUCCH frequency location refers to that of a given slot

· FFS: How to determine PUCCH repetition resources for Msg4 feedback.

According to the above agreements, cross-subframe channel estimation is supported for both PUSCH and PUCCH transmission. In coverage enhanced operation, cross-subframe channel estimation is beneficial in significantly reducing the number of repetitions required to meet coverage [3]. For the cross-subframe channel estimation, the phase continuity should be guaranteed across the multiple subframes in order to enable DMRS filtering. According to the LS from RAN4 [4], as long as the UE transmit power and the UE RF center frequency are not changed, no phase discontinuity in the transmitted signal is expected. It was already agreed that the position of allocated PRB(s) for PUSCH or PUCCH transmission should be same during at least X subframes, where X is number of subframes used for the cross-subframe channel estimation, so same UE RF center frequency is guaranteed for the X subframes.
Another requirement to enable the cross-subframe channel estimation at the eNB is to maintain a constant UE transmit power during at least X subframes in order to avoid a phase discontinuity. However, according to the definition of the maximum UE transmit power for PUSCH and PUCCH transmission in [5, 10], a UE can change its transmit power in every subframe. In addition, in coverage enhanced operation, even if the UE transmit power in subframe i and serving cell c is assumed to be the maximum UE transmit power PCMAX,c(i), the maximum UE transmit power can vary per subframe based on UE implementation considerations. Therefore, according to the current UE behaviour for the transmit power of the PUSCH and PUCCH in a subframe, the UE can change its transmit power (whether the maximum one or not) and this prevents DMRS filtering during repetitions of a PUSCH or PUCCH transmission. Therefore, it should be specified that the UE transmit power for repetitions of a PUSCH and PUCCH transmission should be constant for at least for X subframes (where X is number of subframes used for the cross-subframe channel estimation).  The value of X can be signalled in a SIB or be UE-specifically configured via RRC signalling.
Proposal 1: For a UE operating in enhanced coverage, the UE transmit power for PUSCH and PUCCH transmission should be constant over at least X subframes. 

There are two additional reasons for UEs operating in enhanced coverage to use constant UE transmit power during repetitions of a PUSCH transmission. A first reason in that is CDM is applied to PUSCH repetitions to improve spectral efficiency by multiplexing several UEs per PRB, the orthogonality among UEs that use same PRB(s) for PUSCH transmission is ensured through respective orthogonal cover codes (OCCs) – similar to legacy CDM multiplexing for PUCCH Formats 1/1a/1b/3. Then, similar to requiring constant UE transmit power within a slot for CDM of PUCCH transmissions from multiple UEs, constant UE transmit power is required across multiple subframes; otherwise, orthogonality among UEs is not maintained leading to interference and worse BLER that will require increased number of repetitions and additional UE power consumption to be compensated (therefore, any spectral efficiency gains from CDM of PUSCH repetitions are lost). 
A second reason is relevant to frequency error estimation for coverage limited UEs. This is important for enabling DMRS filtering across multiple subframes to significantly decrease the number of required repetitions.  Correlation of both repeated data and DMRS in successive subframes can be used to significantly increase an effective SINR and allow for frequency offset correction [6]. However, if the UE transmit power varies across consecutive subframes conveying repetitions of a PUSCH transmission, the phase extracted from the correlation across the consecutive subframes does not have a linear relation with frequency error. This is similar to not enabling DMRS filtering across subframes to improve channel estimation.
Observation 1: For UEs operating in enhanced coverage, to enable CDM of repetition for PUSCH transmissions and frequency error estimation across X subframes, constant UE transmit power should be maintained during the X subframes. 
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Figure 1. Example of coverage enhancement for PUSCH
Figure 1 shows an example of coverage enhancements for PUSCH. Assuming reduced maximum UE transmit power of 20 dBm, a Rel-13 low cost UE can require a maximum of 18 dB in coverage enhancement for PUSCH. For 4 coverage enhancement levels (including normal coverage), the minimum gap among PUSCH repetition levels is 6 dB. Similar, as the maximum required coverage enhancement for PUCCH to meet the target MCL of 155.7 dB is about 12 dB, the minimum gap among PUCCH repetition levels is about 4 dB.
With existing UE behaviour for the UE transmit power for PUSCH and PUCCH [5], UEs in coverage enhanced operation always use PCMAX regardless of the repetition level. If all UEs operating in enhanced coverage transmit PUSCH and PUCCH with PCMAX, received powers of PUSCHs or PUCCHs from UEs operating at a same repetition level can have a maximum difference of 6 dB or 4 dB, respectively. Therefore, “near-far effect” may potentially exist among transmissions from UEs having a same repetition level. 

Whether or not the impact of the near-far effect is significant depends on characteristics of the channel transmission. For PUSCH, since MU-MIMO is not used, there is no PUSCH intra-cell interference. However, if CDM over e.g. 4 subframes by using OCC with SF=4 is applied, the impact of the near-far effect of 6 dB within the same repetition level may not be negligible if imperfect synchronization (time errors) among UEs is also considered. Evaluations in [7] show minor degradation from orthogonal multiplexing of PUSCH transmissions but those evaluations considered only the impact of channel variations and probably assumed perfect UE synchronization.

Regarding the PUCCH, a resource block for PUCCH transmission can be shared by multiple UEs within a cell. Considering a maximum 4 dB difference between UEs within a cell and existence of timing errors, near-far effects can exist and can lead to a degradation of ~2.5 dB at 1% BLER or ~4 dB at 0.1% BLER [8] 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 in different CE levels are allowed to use a same PRB for PUCCH transmission, the near-far effects can lead to error floors. 
Therefore, near-far effects that inevitably exist due to imperfect synchronization should be further considered. One possible solution is to enable uplink power control for a UE regardless of whether the UE operates in normal coverage or enhanced coverage at least for SPS PUSCH or SPS PUCCH transmissions (considering that it is not likely to have multiple dynamic PUSCH or PUCCH transmissions in a same subframe). Alternatively, the PUCCH resource should be UE-specifically configured (this is already supported for the EPDCCH if the resource offset is maintained in the DCI formats and is already the case for SPS PUSCH/PUCCH).
Proposal 2: Consider solutions to mitigate near-far effects on CDM PUSCH or PUCCH transmissions from UEs operating in enhanced coverage.
3 Conclusion
This contribution considered UE transmit power control aspects for a UE operating in enhanced coverage and proposed the following.

Proposal 1: For a UE operating in enhanced coverage, the UE transmit power for PUSCH and PUCCH transmission should be constant over at least X subframes. 

Proposal 2: Consider solutions to mitigate near-far effects on CDM PUSCH or PUCCH transmissions from UEs operating in enhanced coverage.

In addition, the following observation is made:
Observation 1: For UEs operating in enhanced coverage, to enable CDM of repetition for PUSCH transmissions and frequency error estimation across X subframes, constant UE transmit power should be maintained during the X subframes. 
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