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1 Introduction

A WID for the operating objectives of low cost UEs in Rel-13 was approved in [1]. Among the objectives listed in the WID is the enhancement is coverage for low cost UEs by [15] dB. This contribution considers the effect of the operational characteristics for Rel-13 low cost UEs on the Coverage Enhancement (CE) requirements for DL/UL channels.

2 CE Requirements for Low Cost UEs
With respect to CEs, there are three operational characteristics for Rel-13 low cost UEs with direct negative impact on coverage compared to Category 1 UEs:

a) UE DL/UL bandwidth of 1.4 MHz 

The consequence of Tx/Rx over 1.4 MHz is the reduced frequency diversity relative to the operating conditions considered in [2] (Tx/Rx over 10 MHz), thereby increasing SINR requirements for control and data channels (particularly for control channels that have a lower target BLER).

b) 1 Rx antenna

The consequence is a performance loss of at least 3 dB (just due to received power reduction). The actual performance loss can be much larger than 3 dB and depend on the target BLER and the frequency selectivity of the channel. As OFDM performance is particularly sensitive to the existence of diversity, absence of antenna diversity in conjunction with absence of frequency diversity can be particularly detrimental and the performance loss due to 1 Rx antenna at a low cost UE can exceed 4 dB in absence of frequency diversity and for ~1% BLER.

c) Reduced UE maximum transmission power

This affects only UL channels/signals. One of the primary reasons for supporting HD-FDD UEs with one oscillator is that integration of RF and DBB is facilitated due to the absence of DL-UL cross-interference. On-chip PAs is a developing technology and it is not straightforward to predict a respective maximum transmission power (the WID in [1] defers the determination of the maximum transmit power of the new UE power class to RAN4). Nevertheless, for the purposes of this contribution, a 20 dBm maximum output power is assumed reflecting current state-of-the-art implementations.
From [2], assuming a 23 dBm maximum transmitter power and 20 Kbps data rate over 2 PRBs, the MCL for various UL and DL channels is summarized in Table 1.  

Table 1: MCL for UL and DL Channels in FDD (2x2 eNB) and TDD (8x8 eNB) – Operating Conditions as in [2]
	Physical channel name
	PUCCH (1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	MCL FDD
	147.2
	141.7
	140.7
	145.4
	149.0
	149.3
	146.1

	MCL TDD
	149.4
	146.7
	147.4
	148.1
	149.0
	149.3
	146.9


For Rel-13 MTC UEs, the MCLs in Table 1 need to be adjusted to include:

a) 1 Rx antenna at UE (3 dB loss due to reduced reception power and 1+ dB loss due to absence of Rx diversity)

b) Reduced Tx power from UE (3 dB loss assuming 20 dBm maximum transmission power)

c) Reduced frequency diversity

d) Worse channel estimation accuracy for EPDCCH demodulation (if DMRS interpolation across subframes is not enabled) 

To reduce the impact of factors resulting to worse performance, the following can be considered whenever applicable:

a) Frequency hopping (with sufficient number of transmission hops, reduced frequency diversity can be assumed fully compensated)

b) Reduced message/DCI sizes (e.g. SIB, RAR, DCI formats)

c) Inter-subframe interpolation for all data/control channels (subject to phase discontinuity restrictions) 

The MCLs in Table 1 can be approximately adjusted as in Table 2 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) Rx diversity loss is 4 dB (it can be somewhat larger for BLER of ~1%)
d) 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 2 presents estimates for the MCL for various UL and DL channels for a Rel-13 low cost UE. Considering the above, it should be clear that the MCLs in Table 2 represent only indicative values and can be re-adjusted based on changes in the underlying assumptions (e.g. the PUSCH MCL can improve if a target data rate for UEs in worst coverage is reduced, or the PDCCH MCL can improve if a DCI format with size smaller than DCI Format 0/1A is used, or the PRACH MCL can improve if a larger than 1% missed detection probability is considered, etc.).

Table 2: 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


From Table 2, the following are observed:
a) The PUSCH is the coverage limiting channel for FDD with the RA preamble also requiring significant CE.

b) The PDCCH is the coverage limiting channel for TDD with all channels requiring significant CE. 

c) Different channels require different CE – CE level should be configurable per channel.

d) CEs are needed for low cost Rel-13 UE even for SINRs where Category 1 UEs can operate without CEs.

e) For a unified design that is applicable to both FDD and TDD, the CE requirements for both duplex systems need to be considered. 

Based on the above analysis and on the simulation results in [3-5], the following are observed for the CE techniques captured by the WID [1]:

· Subframe bundling techniques with HARQ for physical data channels (PDSCH, PUSCH)

· Necessary – PSD boosting can also be an implementation aspect
· Elimination of use of control channels (e.g. PCFICH, PDCCH)

· Use of PCFICH can be eliminated; a starting symbol for PDSCH/EPDCCH transmissions can be configured by SIB. 

· Alternate designs for PHICH should be considered to provide HARQ-ACK support for PUSCH (more important than providing HARQ-ACK support for PDSCH as traffic is typically expected to be UL dominant).
· Repetition techniques for control channels (e.g. PBCH, PRACH, (E)PDCCH)

· Necessary – similar to subframe bundling for physical data channels
· Either elimination or repetition techniques (e.g. PBCH, PHICH, PUCCH)

· Unclear how PBCH can be eliminated without affecting SIB design and, possibly more importantly, transmission and reception (SFN, system BW, and number of CRS antenna ports can be necessary information for SIB reception).

· PUCCH Format 1/1a should be supported as both HARQ-ACK and SR functionalities are highly beneficial to maintain for low cost Rel-13 UEs.

· PHICH functionality should be provided by a new channel design (e.g. EPHICH or new DCI format).

· Uplink PSD boosting with smaller granularity than 1 PRB
· Not necessary for coverage enhancement purposes [4]
· Resource allocation using EPDCCH with cross-subframe scheduling and repetition (EPDCCH-less operation can also be considered)

· Necessary to support cross-subframe scheduling to limit UE complexity and allow enhanced functionality for coverage enhancement.

· Dynamic scheduling capability should be maintained.
· Reduced DCI format sizes – new DCI formats should be used for scheduling PDSCH and PUSCH for low cost UEs in CE mode – several fields in DCI Formats 0 and 1A can be reduced in size or eliminated. This can reduce number of repetitions, improve power savings and spectral efficiency especially since the relative DL control overhead increases as scheduled data TBs sizes can be small.
· SPS functionality should be enhanced (longer transmission periodicities or transmission windows, UE-group activation/deactivation).  

· New physical channel formats with repetition for SIB/RAR/Paging

· Reductions of existing message sizes are necessary for CE with a reasonable number of repetitions to avoid negatively impacting spectral efficiency and power consumption [5].
· A new SIB for bandwidth reduced and/or coverage enhanced UEs

· Necessary as it is not practically possible to support a 2216 TBS within 6 RBs for UEs with 1 Rx antenna in frequency flat channels without an excessive number of repetitions [5].
· Increased reference symbol density and frequency hopping techniques

· Frequency hopping is necessary [3-5]. 

· Increased DMRS density is not necessary and can be detrimental because:

· With inter-subframe DMRS interpolation (even if AFC does not significantly reduce a frequency error), or in case of power boosting (DL-only), the performance tradeoff is negative for UEs requiring at most small coverage enhancements (e.g. SINR above ~ -5 dB). Performance tradeoff is marginally positive in case of UEs requiring large CE [3, 4].

· A low cost UE will have to implement two channel estimators (in case of increased DL DMRS density - one for legacy DMRS, one for increased DMRS) or two PUSCH transmission structures (increased UL DMRS density). Similar issues (reversed for Tx/Rx) will apply for the eNB. 
· Relaxed “probability of missed detection” for PRACH and initial UE system acquisition time for PSS/SSS/PBCH/SIBs can be considered as long as the UE power consumption impact can be kept on a reasonable level.

· Relaxed “probability of missed detection” has different implications and benefits for different channels. From the Rel-12 studies, it can be beneficial for PRACH and PSS/SSS but not for PBCH and SIB(s). No meaningful impact on power consumption exists for PSS/SSS while impact on power consumption can be minimized for PRACH/PBCH/SIB(s) [6] 

· The amount of coverage enhancement should be configurable per cell and/or per UE and/or per channel and/or group of channels. Relevant UE measurements and reporting to support this functionality should be defined.
· Necessary.
3 Conclusions

This contribution considered the updated coverage enhancement requirements for DL/UL channels as a consequence of the WID in [1] compared to the assumptions in Rel-12 and for a maximum CE level of 15 dB. 
Assuming compensation of reduced frequency diversity due to operation within 6 RBs by frequency hopping for repetitions of a channel transmission and inter-subframe interpolation for DMRS-based channel estimation, the net effect on the coverage is 1 additional dB for DL channels (4 dB loss due to the 1 Rx antenna of a low cost UE is offset by 3 dB loss due to reduced maximum transmission power by the low cost UE). PUSCH remains the coverage limiting channel in FDD while EPDCCH is the coverage limiting channel in TDD. These conclusions can change if the assumptions change (e.g. if a data rate lower than 20 Kbps is targeted for low cost UEs requiring 15 dB CE or if a DCI format with size smaller than the size of DCI format 1A is used).

Regarding the CE techniques mentioned in the WID, all are necessary except for UL PSD boosting with smaller granularity than 1 PRB (not necessary for CE, FFS for increasing capacity), and increased DMRS density.
References:

[1] RP-141660, “New WI proposal: Further LTE Physical Layer Enhancements for MTC”, Ericsson, Nokia Networks

[2] TS 36.888 v12.0.0, “Study on provision of low-cost Machine-Type Communications (MTC) User Equipments (UEs) based on LTE”

[3] R1-144733, “Signaling and Reception of DL Data/Control Channels”, Samsung

[4] R1-144734, “Signaling and Reception of UL Data/Control Channels”, Samsung
[5] R1-144735, “Signaling and Design of UE-Common Control Messages”, Samsung

[6] R1-144736, “Signaling and Design for SCH, PBCH, and PRACH”, Samsung
PAGE  
2

