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1 Introduction

In the RAN#60 plenary meeting, a relative LTE coverage improvement – corresponding to 15dB for FDD – for a new UE category/type and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage was agreed in [1]. Given that PSD boosting could improve received signal quality, it can be considered as a complementary technique for some channels. However, the degree of PSD boosting and corresponding impact for applicable channels was not deeply analyzed yet. This contribution will focus on these discussions.
2 PSD boosting on applicable channels
In section 9.5 in [2], Table 9.5-1 illustrates the possible link-level solutions for coverage enhancement of various physical channels, in which PSD booting can be applied to PSS/SSS, PBCH, PRACH, (E)PDCCH and PDSCH/PUSCH. This section will discuss these channels separately. 
2.1 PSD boosting on downlink channels
In RAN4, there are some minimum requirements on RE power control dynamic range in [3], which are summarized in Table 1. Table 1 illustrates the dynamic range between the power of an RE and the average RE power for a BS. It can be seen that BS RE power control dynamic range is variant depending on various modulation order and different channels. Since higher modulation order like 16QAM or 64QAM may not be applied for coverage limited MTC UEs, the dynamic range is expected to be [-6, +3] dB for PDSCH and [-6, +4] dB for PDCCH, respectively. Since various physical channels have quite similar power control dynamic range requirements [4], it may be appropriate to reuse the existing requirements for other downlink channels. Given MTC UEs in extreme scenarios need more power to overcome the penetration loss, minus power control dynamic value seems not available for this kind of UEs. Therefore, the BS RE power control dynamic range for downlink channel for coverage limited UEs is expected to be [0, +4] dB if current RAN4 requirement is not changed.
Table 1. E-UTRA BS RE power control dynamic range

	Modulation scheme used on the RE
	RE power control dynamic range (dB)

	
	 (down)
	 (up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	NOTE 1: 
The output power per carrier shall always be less or equal to the maximum output power of the base station.


Observation 1: The BS RE power control dynamic range for downlink channel for coverage limited UEs is expected to be [0, +4] dB.
2.1.1 Synchronization channel
In [2], simulation results show that “Initial synchronization (i.e., timing, frequency, and cell ID acquisition) requires up to 2 seconds per center carrier frequency for FDD”, which means coverage limited MTC UE can successfully achieve downlink acquisition by non-coherent combining of existing PSS/SSS. 
PSD boosting is a complementary way to reduce the sync acquisition time. However, PSD boosting may also increase the interference to neighbor cells, which will degrade the synchronization performance of neighbor cells. So a reasonable approach might be PSD boosting can be a complementary way only when the longer sync acquisition time and associated power consumption increase are not acceptable for MTC UEs.
Proposal 1: PSD boosting can be a complementary way only when the longer sync acquisition time and associated power consumption increase are not acceptable for MTC UEs.

2.1.2 PBCH
As the focus in the WID is repetition/PSD boosting of the current PBCH design, the following discussion is only based on current PBCH transmission (i.e., the content is not changed).

For FDD system, 10.7dB coverage enhancement is required when 15dB coverage improvement requirement is targeted and single Rx is applied. Simulation results in [5] show that about 11dB gain could be provided by three transmissions per subframe relative to the legacy PBCH performance. Thus PSD boosting may not be needed for FDD, but could be applied. 

For TDD system, DL-heavy configurations or PSD boosting may be used more often to help increase the available coverage enhancement (as TDD is more balanced, the PBCH is more a limiting channel and more enhancement is beneficial). 
For smaller bandwidth (e.g., 1.4M, 3M) for FDD or TDD, the maximum PSD boosting benefit is limited and existing RAN4 requirements could cover this level of PSD boosting. While for larger bandwidth (e.g., 5M, 10M, 15M and 20M), the maximum PSD boosting benefit (e.g., about 6dB for 5M bandwidth) extends current RAN4 requirements. It may be beneficial to try to limit the amount of PSD boosting depending on the impact to RAN4.
PSD boosting would result in inter-cell interferences, which may degrade the PBCH performance of neighbor cell. Time domain ICIC between different cells could be considered to avoid serious inter-cell interferences. 
Proposal 2: PSD boosting may not be needed for PBCH for FDD, but could be applied.
2.1.3  (E)PDCCH and PDSCH
For (E)PDCCH and PDSCH, either RS power boosting or PSD boosting can help reduce the amount of repetitions, e.g., 3dB PDSCH and DM-RS PSD boosting could cut down the amount of repetitions by half in theory. Since the coverage improvement requirement is reduced to 15dB for FDD, the amount of repetitions will be lower than the results (100~200 times) shown in [3] even if 1R is applied for low cost MTC UEs. With 3dB PDSCH and DM-RS PSD boosting, the amount of repetitions may be lower much than 100 times and this level may be acceptable. So there is no need to expand current power control dynamic range in RAN4 for (E)PDCCH and PDSCH.

Proposal 3: No need to expand current power control dynamic range in RAN4 for (E)PDCCH and PDSCH.
2.2 PSD boosting on uplink channels
In RAN4, there is no PSD boosting requirement for uplink channels. For coverage limited MTC UEs, it is expected that 1 PRB may be scheduled in most cases so that the received SINR can be improved to the largest extent. In this case, there is no opportunity for uplink PSD boosting unless subcarrier level scheduling is introduced. 

Proposal 4: There is no opportunity for uplink PSD boosting unless subcarrier level scheduling is introduced.
3 Conclusions
In this contribution, the analysis of the degree and impact of PSD boosting on applicable channels are given, which leads to the following proposals: 
Proposal 1: PSD boosting can be a complementary way only when the longer sync acquisition time and associated power consumption increase are not acceptable for MTC UEs.
Proposal 2: PSD boosting may not be needed for PBCH for FDD, but could be applied.

Proposal 3: No need to expand current power control dynamic range in RAN4 for (E)PDCCH and PDSCH.

Proposal 4: There is no opportunity for uplink PSD boosting unless subcarrier level scheduling is introduced.
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