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1 Introduction

The main challenge for the support of Rel-13 low cost UEs is to support sufficient reliability for data/control channels while avoiding excessive repetitions that can lead to large power consumption and avoiding materially increasing the associated specification/implementation complexity.

Operation in 1.4 MHz for Rel-13 low cost UEs is significantly more challenging than for Cat.1 UEs as the absence of Rx antenna diversity and the increased likelihood for operation in frequency flat channels result to substantial degradations in reception reliability even for relative large BLER targets.

Several potential methods to improve reception reliability were identified in the WID [1] and re-confirmed in RAN1#78bis [2], including:

· Frequency Hopping
· Increased DMRS density

· Sensitivity to phase discontinuity (for inter-subframe interpolation)

· UL PSD boosting with granularity smaller than 1 PRB 

Some of the necessary simulation assumptions are captured in [3]. This contribution evaluates the performance (BLER) of data and control with and without the above methods.
2 BLER of UL Data/Control Channels for Low Cost UEs
In [4], the MCLs for DL/UL channels are derived and are listed in Table 1 (for a maximum UE transmission power of 20 dBm) under the following assumptions:
a) Frequency hopping among successive numbers of repetitions restores frequency diversity (otherwise, the reference MCL should be relative to single transmission in 6 PRBs; not in 50 PRBs).

b) Inter-subframe interpolation can be used for repetitions of EPDCCH/PDSCH/PUSCH transmissions
c) PUSCH transmission in 1 PRB (or fraction of a PRB) has a same link budget as transmission in 2 PRBs for 20 Kbps data rate and that a UE requiring maximum CE operates at 20 Kbps data rate.
Table 1: MCL for UE with 1 Rx antenna, 20 dBm amplifier, and 2x2 eNB (FDD) or 8x8 eNB (TDD)
	Physical channel name
	PUCCH (1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	MCL FDD
	144.2
	138.7
	137.7
	141.4
	145.0
	145.3
	142.1

	MCL TDD
	146.4
	143.7
	144.4
	144.1
	145.0
	145.3
	142.9

	Required Gain for 15dB CE (FDD)
	8.5
	14
	15
	11.3
	7.7
	7.4
	10.6

	Required Gain for 15dB CE (TDD)
	11.5
	14.2
	13.5
	13.8
	12.9
	12.6
	15


In the following sections, BLER results are presented for the PUSCH where, in addition to determining a number of required repetitions, the usefulness of frequency hopping (FH), of inter-subframe DMRS interpolation, and of increased DMRS density are also considered.

2.1 PUSCH

Figure 1 presents the PUSCH BLER for FDD, 1Tx-2Rx, EPA (1 Hz), 100 Hz frequency error, and MCS0 for the following cases:
· 1 repetition (single transmission) of a PUSCH transmission in 1 PRB

· 16 repetitions of a PUSCH transmission in 1 PRB (no FH)

· 16/32 repetitions of a PUSCH transmission in 1 PRB with frequency hopping

· 16/32 repetitions of a PUSCH transmission in 1 PRB with 2x DMRS density (data REs are rate matched) and frequency hopping
The following observations apply:
· 16 repetitions without FH are not sufficient to provide the maximum CE target while 16 repetitions with FH are sufficient

· With inter-subframe interpolation (2 subframes), gains from 2x DMRS density are marginal and are negative for SINRs above -10 dB (not shown) or for smaller frequency errors and longer inter-subframe interpolation. 
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Figure 1: PUSCH BLER - transmission in 1 PRB, 16 repetitions with/out FH, with/out increased DMRS density.

Observation 1: With inter-subframe RS interpolation, there is no need to increase PUSCH DMRS density.  

Proposal 1: Support frequency hopping for repetitions of a PUSCH transmission from a Rel-13 low cost UE. 

2.2 PUCCH

PUCCH performance is not re-evaluated in this contribution as, except for the 3 dB reduction in the maximum UE transmission power, all remaining parameters can remain as in Rel-12 evaluations. FH can be at the slot boundary, or for improved channel estimation and minimization of re-tuning latency, it can be at the (one or more) SF boundary. Moreover, FH can be among RBs that span the whole system bandwidth and does not need to be confined within 6 RBs. 
2.3 UL PSD Boosting

Although the PUSCH BLER for sub-PRB allocations is not evaluated in this contribution, reducing the allocation to half-PRB fundamentally results to a PUSCH transmitted with twice the power but with also half the code rate. As for MCS0 (16 data bits and 24 CRC bits) the code rate is only ~0.14, using half-PRB allocation with twice the transmission power is not expected to have a material effect on the BLER (DMRS SINR is also not affected). 

The main issue with sub-PRB allocations is whether data rates smaller than 16 Kbps are acceptable for UEs in worst coverage conditions together with whether capacity enhancements for low cost UEs are necessary as sub-PRB allocations can accommodate a multiple number of low cost UEs relative to full PRB allocations. It is not immediately clear whether this is a meaningful benefit as it will depend both on the number of low cost UEs requiring very low data rates, the frequency of respective transmissions, and the flexibility to configure such transmissions during times that the network is lightly loaded, such as for example during late night or early morning hours. Without a definitive use-case, sub-PRB PUSCH allocations can be de-prioritized in Rel-12. Introducing sub-PRB allocations is not expected to have any backward compatibility issues and can be considered if sufficient motivation is identified.
Observation 2: Sub-PRB allocations are not expected to improve coverage for low cost UEs. Sub-PRB allocations can be considered is a network capacity need is identified and are not expected to introduce backward compatibility issues for a network.   

3 Conclusions

This contribution considered the performance of physical data and control channels for Rel-13 low cost UEs with/out candidate methods for performance improvements. In particular, the following are proposed.
Proposal 1: Support frequency hopping for repetitions of a PUSCH transmission from a Rel-13 low cost UE. 

Additionally, the following observations are made:

Observation 1: With inter-subframe RS interpolation, there is no need to increase PUSCH DMRS density.  

Observation 2: Sub-PRB allocations are not expected to improve coverage for low cost UEs. Sub-PRB allocations can be considered is a network capacity need is identified and are not expected to introduce backward compatibility issues for a network.   
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