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1
Introduction
In [1], we have outlined some aspects of coverage relevant to low-cost MTC UEs. In this contribution, we consider general classes of techniques for extending such coverage. We also identify to which physical channels a class of technique already is, or can be applied, as well those channels where it is harder to envisage such techniques succeeding.
2
Discussion
2.1
Repetition and redundant transmission
LTE already uses repetition on various channels and signals in order to improve their coverage and reliability. Its application is summarized below:
	Transmission
	Uses repetition?
	Method

	PBCH
	(
	4-fold repetition

	PDSCH
	(
	Asynchronous HARQ

	PUSCH (for UL-SCH)
	(
	Synchronous HARQ

	PDCCH
	
	–

	PUCCH
	
	–

	PHICH
	
	–

	PCFICH
	
	–

	PRACH
	(
	Preamble repetition 

(format 1,2,3)

	PSS/SSS
	(
	Periodic retransmission

	RS
	(
	Periodic retransmission


Table 1: Physical layer repetition schemes
PUSCH is shown in TR 36.888 to have the poorest coverage of the channels considered there. The repetition technique available on PUSCH (for UL-SCH) is HARQ. The relevant RRC configuration of HARQ retransmissions is via maxHARQ-Tx which limits the number of retransmissions on PUSCH to a maximum of 28.
A typical eNB configuration might allow a maximum of 4 transmissions of a transport block (the default MAC main value). If maxHARQ-Tx were set to its maximum value, up to 8.5 dB MCL gain could be expected, in ideal circumstances. If TTI bundling is also enabled (with a fixed bundle size of 4), approximately a further 6 dB can be obtained over the non-bundled operation. Thus the maximum MCL gain available from configuring UL HARQ such that it is optimized for coverage extension could be  up to 14.5 dB. Increasing maxHARQ-Tx and enabling bundling both increase the buffering requirements at eNB and the maximum overall delay that could be experienced before failure is reported to RLC. This may be permissible for many MTC devices, such as smart meters transmitting low-priority, delay-tolerant data. Improvements to HARQ procedures for PUSCH could extend coverage further, or improve its delay and/or buffering requirements.
To extend this kind of configuration gain further, the two spare states in maxHARQ-Tx could be utilized to allow increased maximum HARQ transmission limits.

Observation 1: HARQ on PUSCH as currently available in LTE may, with suitable configuration; eNB buffering capability; and UE delay-tolerance, offer up to 14.5 dB MCL gain.

The control channels, PDCCH and PUCCH, as well as PCFICH and PHICH, do not easily support repetition since they are naturally single-shot transmissions. Failure to successfully decode their contents will lead to unsuccessful operation of the channels they are controlling, e.g. PDSCH or PUSCH, which will naturally lead to other procedures, such as HARQ, attempting to correct the problem.
2.2
Relaxing performance requirements

The performance requirements in 36.888 are at LTE’s usual specifications in terms of missed detection, BLER, throughput, etc, as summarized below.
	Transmission
	Performance metric

	PBCH
	1 % BLER

	PDSCH
	Throughput and 10% iBLER

	PUSCH
	Throughput and 10% iBLER

	PDCCH
	1% BLER

	PUCCH
	Varies with format
(1% P​miss + 1% Pfa; or 1% BLER)

	PHICH
	0.1% BLER

	PCFICH
	1% BLER

	PRACH
	1% Pmiss + 0.1% Pfa

	PSS/SSS
	10% P​miss or sync in 200 ms


Table 2: Performance metrics used in TR 36.888 and R1-120008
Considering link-level performance, some of these requirements may be relaxed for a low-cost MTC UE which is tolerant of delay and has low data rate needs. Two channels to which such relaxations could be particularly relevant are PDSCH and PRACH, since the former may carry much less user data than non-MTC devices and completion of the procedures on the latter may be permitted to delay the UE for longer. The effect on MCL of these channels is considered next.
2.2.1
PDSCH/PUSCH throughput relaxation

One requirement that could evidently be relaxed is the measurements of throughput at a level of 70% of the maximum. By allowing the network to operate at a lower throughput for a given UE sensitivity, it may be that latency is increased, but this is unlikely to be a problem for the low-rate delay-tolerant MTC devices of primary interest in this work.

In Figure 1, the variation of PDSCH throughput of a UE using MCS 0, assigned 2 RBs in 10 MHz and otherwise configured as detailed in the Annex is shown. If the throughput test level is relaxed from 70% to, say, 30%, the MCL can be improved by 6.5 dB. Similar results are found for other carrier bandwidths, as shown in Figure 5 in the Annex.
Observation 2: Given the low data rate requirements that may apply in some MTC scenarios, relaxation of throughput requirements on PDSCH/PUSCH can improve the MCL.

[image: image1]
Figure 1: Link-level PDSCH throughput using MCS 0 in 2 RBs in a 10 MHz carrier bandwidth
2.2.2
PRACH relaxation

An MTC UE transmitting PRACH in a contention-based random access procedure may be able to tolerate longer delay in successfully completing the procedure than a conventional LTE UE. In terms of PRACH performance, this could be expressed as allowing a higher probability of missed detection, Pmiss. The probability of false alarm, Pfa, is already small as a result of the length of the preamble sequence, but potentially could also be relaxed.
In R1-120008, some companies provided results for 1% Pmiss and 10% Pmiss on PRACH Format 2, showing approximately 5 dB improvement in MCL from this relaxation.

Observation 3: The MCL of PRACH could be improved by around 5 dB by relaxing the P​miss requirement to 10% from 1%.
2.2.3
Other channels and signals

Allowing poorer performance with respect to a UE on PBCH, PSS/SSS (and some RS) would tend only to delay the UE’s initial access, which could still be within relaxed limits for delay-tolerant UEs. Performance relaxation at the UE on PCFICH, PHICH or PDCCH could increase the probability of a UE being unable to decode a subframe. In such a case, user plane data for the UE can be re-transmitted in a later subframe whilst still meeting a relaxed delay tolerance, but overall control plane signaling load in the network would increase.
The interaction of these relaxations with wider system performance may suggest the use of RRM mechanisms such as access class barring so that any impacts can be limited to times and locations where few normal UEs are active, such that link-level behavior is more relevant.
2.4
Carrier bandwidth reduction
Figure 2 illustrates how the MCL varies with carrier bandwidth for PDSCH and PDCCH, with the simulation configuration given in the Annex. The figure shows that downlink coverage for a 1.4 MHz carrier can be better than a 20 MHz carrier, owing to the increased power spectral density as the bandwidth reduces. This is sufficient to overcome the reduced BLER performance experienced in narrower bandwidths. For PDSCH, up to 9 dB MCL gain is available compared to the 10 MHz reference case, and for PDCCH up to 5 dB (some change to the aggregation level is required for operation in the narrowest bandwidth).


[image: image2]
Figure 2: MCL for PDSCH and PDCCH as a function of carrier bandwidth
However, operating for maximum MLC gain leaves an imbalance between UL and DL MCLs, which would leave the network still limited by the poorer of the two. In Figure 3, the MCL of a 10 MHz PUCCH
 is compared to the MCLs of PDCCH in several bandwidths, and a similar comparison for PUSCH
 in 10 MHz and PDSCH in several bandwidths is in Figure 4. Assuming the use of TTI bundling on PUSCH to give approximately 6 dB MCL gain, the UL/DL imbalance is smallest for both data and control channels in a 5 MHz carrier.
Decoding performance of PBCH, PCFICH, and PHICH as well as PSS/SSS should similarly benefit from power spectral density increases in narrower carrier bandwidths.

Observation 4: Operating in a 5 MHz carrier bandwidth instead of the 10 MHz reference case could give an MCL improvement of approximately 3 dB for both PDSCH and PDCCH; and with TTI bundling on PUSCH, the UL/DL and control/data channels MCLs are then well-balanced.

[image: image3]
Figure 3: Imbalance of PUCCH and PDCCH 


[image: image4]
Figure 4: Imbalance of PUSCH and PDSCH
3. 
Conclusions
We have considered a range of possible approaches for improving coverage, as measured by MCL of LTE’s physical channels. Some of these are already available in current specifications with suitable configurations and others would have some limited specification impact. We have observed that:

· HARQ on PUSCH as currently available in LTE may, with suitable configuration; eNB buffering capability; and UE delay-tolerance, offer approximately 14 dB MCL gain.

· Given the low data rate requirements that may apply in some MTC scenarios, relaxation of throughput requirements on PDSCH/PUSCH can improve the interpreted MCL.

· The MCL of PRACH could be improved by around 5 dB by relaxing the P​miss requirement to 10% from 1%.
· Operating in a 5 MHz carrier bandwidth instead of the 10 MHz reference case could give an MCL improvement of approximately 3 dB for both PDSCH and PDCCH; and with TTI bundling on PUSCH, the UL/DL and control/data channel MCLs are then well-balanced.
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Annex – Simulation Assumptions and Parameters
Radio channel:  ePA with Doppler spread of 7.2 Hz.
No PDSCH is scheduled in subframe 5.
Correlation for SFBC: Low.
UE: 2 receive, 1 transmit antenna.
eNB: 2 receive, 2 transmit antennas, total transmit power 46 dBm.
Parameters not shown in the figures or listed are set as in TR 36.888 v2.0.0.
	
	PDSCH simulation parameters

	Performance Target
	10 % iBLER

	Max number of HARQ retransmissions
	4 (no TTI bundling)

	Number of DL RBs
	2

	MCS index
	0

	TBS
	32 bits

	TM
	2

	Carrier bandwidth
	20
	10
	5
	1.4

	Required SNR [dB]
	-1.71
	-1.46
	-1.21
	-1.21



[image: image5]
Figure 5: PDSCH throughput as a function of carrier bandwidth and SNR.

	
	PDCCH simulation parameters

	Performance target
	1 % BLER

	DCI format
	1A

	Transmit diversity
	2 ports

	Carrier bandwidth [MHz]
	20
	15
	10
	5
	3
	1.4

	Control region duration [symbols]
	1
	1
	1
	2
	3
	3

	Aggregation level
	8 
	8 
	8 
	8 
	8 
	4 

	Required SNR [dB]
	-3.9
	-3.7
	-3.2
	-3.4
	-1.7
	0.7



[image: image6]
Figure 6: PDCCH performance as a function of carrier bandwidth and SNR.
� The MCL of a PUCCH will change very little as carrier bandwidth is narrowed since it resides in RBs toward the edge of the carrier.


� The MCL of PUSCH may not change as carrier bandwidth is narrowed since only 2 RBs have been allocated in this very low data rate scenario.
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