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1 Introduction

A WID for the operating objectives of MTC UEs in Rel-13 was approved in [1]. This contribution considers the effect of the design conditions in [1] on Coverage Enhancements (CEs) for Rel-13 MTC UEs.

2 Updated CE Requirements for MTC UEs
With respect to Coverage Enhancements (CEs), there are two design requirements with direct negative impact. 

The first is the reduced UE bandwidth of 1.4 MHz in DL and UL (UE only needs to support 1.4 MHz RF bandwidth in DL and UL). This reduces frequency diversity relative to the operating conditions considered in [2], thereby increasing SINR requirements for control and data channels (particularly for control channels that have a lower target BLER).

The second is the objective for reduced maximum transmission power and the support of an integrated PA implementation. One of the primary reasons for supporting HD-FDD UEs with one oscillator is that integration of RF and DBB is facilitated due to no DL-UL cross-interference. On-chip PAs is a developing technology and it is not straightforward to predict a respective maximum transmission power (the SID 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 Rel-12 MTC UES for Various UL and DL Channels in FDD (2x2 eNB) and TDD (8x8 eNB)
	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


Operation in 1.4 MHz will significantly worsen the PDCCH MCL. This is because of the severe loss in diversity as frequency diversity compounds the loss of receiver antenna diversity. For example, for the EPA channel and 2 Kmph UE speed, the additional SINR required at 1% BLER is about 6 dB more for operation in 1.4 MHz compared to operation in 10 MHz [3]. If EPDCCH is used, assuming EPDCCH transmission in 2 PRBs, additional loss occurs primarily due to worse channel estimation (currently the DMRS precoding cannot be assumed to be same across subframes and interpolation is not possible). Some additional performance loss exists due to worse TxD (SFBC for PDCCH vs. random beamforming for EPDCCH) and reduced frequency diversity (2 RBs for EPDCCH vs. 6 RBs for PDCCH). This additional loss is at least 3 dB for SINRs in the range of -5 dB (e.g. [4]) and is expected to be significantly larger for the lower SINRs of coverage limited UEs. Localized EPDCCH can provide beamforming gains, an ideal gain is 3 dB in case of 2 Tx antennas without considering PDCCH frequency diversity gains, but some form of CSI feedback is needed and this gain is not sufficient to overcome the loss factors of EPDCCH over PDCCH (primarily due to worse channel estimation). Moreover, in case the 1.4 MHz bandwidth is a stand-alone bandwidth (e.g. re-farmed from GSM), it may be simpler to re-use existing Rel-12 mechanisms for MTC UEs but this may likely lead to some duplicated designs for the MTC UEs.
Operation in 1.4 MHz will also significantly worsen the PUCCH Format 1a MCL. For example, for an EPA channel and 3 Kmph UE speed, the additional SINR required for 1% BLER at 1.4 MHz is about 3.5 dB more compared to operation in 10 MHz [5] and further increases for 0.1% BLER. Moreover, for the PUCCH Format 1a, as for all UL channels, an additional 3 dB MCL degradation can occur due to the 3 dB reduction in maximum transmission power. 

For the PDSCH and PUSCH BLER, the performance loss due to limited/no gains from frequency hopping is in the range of 1.5 dB [6] as a respective target BLER is larger than for the (E)PDCCH/PUCCH. Moreover, PDSCH and PUSCH transmission can be reduced from 2 PRBs, as assumed in Table 1, to 1 PRB for a 3 dB gain; for the PUSCH, this offsets the 3 dB loss due to the reduced maximum transmission power. The link budget for PDSCH is much better than for the (E)PDCCH. 
Table 2 presents estimates for the MCL for various UL and DL channels for a Rel-13 MTC UE.

 Table 2: MCL for Rel-13 MTC UEs for Various UL and DL Channels in FDD (2x2 eNB) and TDD (8x8 eNB)
	Physical channel name
	PUCCH (1a)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	MCL FDD
	141.2
	138.7
	139.2
	146.9
	149.0
	149.3
	<137.1

	MCL TDD
	143.4
	143.7
	145.9
	149.6
	149.0
	149.3
	<137.9


From Table 2 it is observed that the PDCCH becomes the coverage limiting channel. It would therefore be beneficial to substantially limit, if not eliminate, the use of (E)PDCCH for coverage limiting UEs (especially ones requiring CE in the range of 15 dB) and to remove (or set to predetermined value) any fields in DCI formats 0/1A that can become unnecessary considering limitations in the operation of coverage limited Rel-13 MTC UEs in order to improve the PDCCH BLER. 

To reduce UE power consumption, it is also necessary to improve the MCL of PUSCH which is expected to be the channel consuming most transmission power as PRACH transmissions can be less frequent. Moreover, eliminating PUCCH can be considered for UEs requiring large CE values (in the range of 15 dB). 

Brief comments on the CE techniques captured by the WID [1] are outlined below:

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

· Necessary
· Elimination of use of control channels (e.g. PCFICH, PDCCH)

· Should be considered at least for the PCFICH and at least for large CE values for the PDCCH
· Repetition techniques for control channels (e.g. PBCH, PRACH, (E)PDCCH)

· Necessary – FFS whether to support of (E)PDCCH repetitions for large CE values 
· Either elimination or repetition techniques (e.g. PBCH, PHICH, PUCCH)

· FFS – unclear how PBCH can be eliminated, further discussion needed on how PHICH/PUCCH can be replaced
· Uplink PSD boosting with smaller granularity than 1 PRB
· Should be considered in conjunction with reducing maximum data rates for large CE values. May be necessary for UE power savings
· Resource allocation using EPDCCH with cross-subframe scheduling and repetition (EPDCCH-less operation can also be considered)

· FFS on the use of EPDCCH as it can have significantly worse BLER and robustness to interference relative to PDCCH. Regardless of PDCCH or EPDCCH, cross-subframe scheduling is necessary to avoid large buffering requirements at UE.  
· New physical channel formats with repetition for SIB/RAR/Paging

· FFS – transmission without an associated (E)PDCCH should be considered
· A new SIB for bandwidth reduced and/or coverage enhanced UEs

· Highly beneficial
· Increased reference symbol density and frequency hopping techniques

· FFS – New frequency hopping techniques within 6 RBs may not provide significant gains, especially for 10+% BLER. Gains from increased RS density are limited (~1 dB) considering inter-SF interpolation. Can be further considered in conjunction with smaller granularity than 1 PRB 
· 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 for different channels. From the Rel-12 studies, it is highly beneficial for PRACH and PSS/SSS but not for PBCH and SIB(s).  
· 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.
· Highly beneficial
3 CE Methods Considered in Rel-12 
In the following, a brief outline for CE methods considered in Rel-12 for various channels is provided.

· SCH

No change in operating conditions in Rel-13 relative to Rel-12. Conclusions from Rel-12 apply and existing PSS/SSS can be re-used. Impact on UE power consumptions from increased synchronization time is minimal as this is a rare event.

· PBCH

No change in operating conditions in Rel-13 relative to Rel-12. Conclusions from Rel-12 apply. PBCH repetitions are necessary as a “keep-trying” approach cannot be ensured to be robust in practice. Intermittent PBCH transmissions can be used to control the amount of additional overhead. A new MIB may also be considered if resulting contents are substantially reduced relative to the Rel-12 MIB to offset gains from combining PBCH repetitions with the Rel-12 PBCH transmission.
· SIB/PDSCH

Coverage is somewhat worse than in Rel-12 due to reduced transmission bandwidth. Nevertheless, there is no fundamental change and CE can be provided by a combination of PSD boosting and repetitions. 

· (E)PDCCH

Coverage will be significantly worse than in Rel-12. Elimination of (E)PDCCH, at least for UEs requiring large CE values, significant reductions in DCI format size, and group scheduling can be considered.
· PUSCH

Coverage is degraded by about 1.5 dB relative to Rel-12. PUSCH transmissions are expected to consume most of UEs power related to DL/UL signaling, particularly since MTC applications are typically UL-dominant. Frequency hopping and increased DMRS density are not expected to provide meaningful improvements. PSD boosting with smaller granularity than 1 PRB, in conjunction with reduced peak rates for UEs requiring large CE values to maintain a low code rate, should be considered.

· PUCCH/PHICH

May be eliminated, at least for UEs requiring large CE values, or HARQ-ACK transmission can be provided by PUSCH or PDSCH considering relaxations in HARQ latency.
4 Conclusions

This contribution considered impacts on the coverage enhancement requirements of various channels as a consequence of the WID in [1] compared to the assumptions in Rel-12. In general, the conclusions from the Rel-12 studies remain applicable with the following additional observations:
Observation 1: (E)PDCCH is the coverage limiting channel in both FDD and TDD. Based on Rel-11 designs, EPDCCH has worse link level performance than PDCCH. It is highly beneficial to avoid always relying on the use of (E)PDCCH 
Observation 2: To reduce UE battery consumption, it is essential to reduce the required PUSCH transmission power or reduce the required number of PUSCH repetitions. PSD boosting with smaller granularity than 1 PRB in conjunction with reductions in the maximum data rate for coverage limited UEs can be beneficial in reducing UE battery consumption.  
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