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1. Introduction
LTE coverage enhancements WI was started from RAN #60 [1], after the completion of the SI on LTE coverage enhancements [2]. Till now, the RAN1/2 work for this WI has been 97% completed, and the only left issues is RAN1 CRs based on RAN1 agreements and RAN2 LS [3]. In this contribution, we firstly give an overview of RAN1/2 work, and then present our views on RAN4 work scope. 
2. Overview of RAN1/2 work
2.1. Identification of coverage issues
In the study item of LTE coverage enhancements, the maximum coupling loss (MCL) performances of various LTE DL/UL data and control channels are evaluated, in order to identify LTE coverage issues [4]. The MCL is defined as the limit value of the coupling loss at which the service can be delivered, and therefore defines the coverage of the service. In addition, the MCL is evaluated via link budget analysis (supported by link level simulations). Table 1 and table 2 show the averages of the evaluation results from multiple companies. Note that for UL VoIP, Rel-8 TTI bundling with 16ms RTT is enabled in the evaluation. 
Table 1. Average MCL of LTE UL channels

	Channels
	RACH Format 2
	Message 3 TBS 56
	Message 3 TBS 144

	Performance target
	1%Pmiss 0.1%Pfa
	10%Pmiss 0.1%Pfa
	10%rBLER
	10%iBLER
	1%rBLER
	10%rBLER
	10%iBLER
	1%rBLER

	Average MCL(dB)
	141.77
	146.39
	146.72
	138.75
	143.28
	143.48
	135.68
	141.22

	Channels
	PUCCH format 1
	PUCCH format 1a
	PUCCH format 2
	VoIP AMR 12.2 kbps
	Medium data rate PUSCH 384kbps
	Minimum data rate PUSCH 14.4kbps

	Performance target
	1%Pmiss, 1%Pfa
	1%Pmiss 0.1%Pfa
	1%Pmiss, 1%Pfa
	1%BLER
	2%rBLER
	10%iBLER
	10%iBLER

	Average MCL(dB)
	146.51
	146.3
	147.24
	145.99
	141.68
	132.41
	140.65


Table 2. Average MCL of LTE DL channels

	Channels
	PDCCH format 1a
	PDCCH format 2c
	PBCH
	PHICH

	Performance target
	1%BLER(8CCE)
	1%BLER(4CCE) 
	1%BLER(8CCE)
	1%BLER(4CCE) 
	1%BLER
	0.1%BLER

	Average MCL(dB)
	146.06
	143.3
	145.24
	141.7
	148.84
	145.37

	Channels
	PCFICH
	PSS
	SSS
	VoIP 12kbps
	Medium data rate PDSCH 1Mbps

	Performance target
	1%BLER
	10%Pmiss
	10%Pmiss
	10%iBLER
	10%iBLER

	Average MCL(dB)
	145.77
	149.06
	148.7
	142.85
	144.36


Based on the evaluation results, RAN1 observed that:
· UL is the limiting factor in terms of coverage
· PUSCH (medium data rate) is poorer than other channels, with significant gap observed.

· With strict performance targets (e.g. 1% Pmiss, 1% rBLER or 10% iBLER), PRACH and/or Msg 3 are the potential limiting factor.

· It’s realized that relaxed performance targets at cell edge would be beneficial to enhance random access channels’ coverage.

· PUSCH (VoIP) is the potential limiting factor, especially with relaxed performance targets for PRACH/Msg3. 

· PUCCH channels are well balanced in general.

· Imbalance between PUCCH formats may exist, with PUCCH format 1a repetition.

· The coverage of DL is better than UL in general
It is recommended to further investigate coverage enhancements for medium data rate and VoIP in UL.

2.2. Solutions for coverage enhancements
Several solutions for UL medium data rate and VoIP coverage enhancements were investigated in SI and WI phases. In selecting the candidate solutions, the performance benefits, specification impact as well as implementation complexity were taken into account. The agreed solution in WI phase can be described as follows [3] [5]:
· RAN1:
· Reduction of RTT to 12ms is supported in enhanced TTI bundling for both UL VoIP and medium data rate for FDD in Rel-12.
· In this case, the number of UL HARQ processes is 3.
· When TTI bundling enhancement is enabled
· There is no restriction of resource allocation size (subject to existing resource allocation restrictions in UL grants) 
Note: allowing more than 3 PRBs allocated per subframe.
· The modulation order is set to QPSK.
· RAN2: 
· For Rel-12 UEs, higher layer signalling is introduced to enable the enhanced TTI bundling for FDD.
The enhanced TTI bundling with 12ms RTT, as illustrated in Figure 1, can improve the time resource utilization so that more energy can be accumulated for a voice packet within the delay budget. As known, VoIP packets arrive at interval of 20ms. It is seen that the enhanced TTI bundling can allow for 5 HARQ transmission within around 50ms latency, thus fully utilize 4
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5=20 TTIs for UL VoIP.
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Figure 1. Illustration of enhanced TTI bundling with 12ms RTT

Regarding TTI bundling enhancement for medium data rate PUSCH (384kbps), the resource allocation restriction of NPRB ( 3 is removed so as to support more flexible resource scheduling for data service with TTI bundling. For medium rate data, the TTI bundling enhancement can exploit larger block encoding gain, reduce upper layer and layer 1 CRC overhead, and reduce PDCCH/PHICH overhead, etc. 
3. Considerations on RAN4 work scope
As described in section 2, the RAN1/2 output can enhance the coverage for UL VoIP and medium data rate PUSCH. The RF architecture, structure of DL reference signals and physical channels, CSI feedback design are unaffected. Also, no changes are introduced for PUCCH and PRACH.

Proposal 1: There is no impact on RF requirements, RRM requirements, and UE demodulation and CSI requirements.
Proposal 2: There is no impact on PUCCH and PRACH demodulation requirements.
The necessity of defining new PUSCH demodulation requirements is discussed in our companion paper [6]. It is noticed that no demodulation requirements have been defined for PUSCH with Rel-8 TTI bundling. To make RAN4 scope clear, we have the following proposal:
Proposal 3: RAN4 work for Rel-12 Coverage Enhancements WI should focus on the new feature introduced in this WI, and not cover existing Rel-8 feature.
4. Conclusion

This contribution sumarized the RAN1/2 work of LTE coverage enhancements WI, including identifiying coverage issues and agreed solutions for coverage enhancements. Initial considerations on RAN4 work scope were presented, and the following proposals were made:
Proposal 1: There is no impact on RF requirements, RRM requirements, and UE demodulation and CSI requirements.

Proposal 2: There is no impact on PUCCH and PRACH demodulation requirements.
Proposal 3: RAN4 work for Rel-12 Coverage Enhancements WI should focus on the new feature introduced in this WI, and not cover existing Rel-8 feature.
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