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1 Introduction
During RAN #53 meeting, a SI on LTE Coverage Enhancements was agreed [1]. To identify which UL/DL channel is the bottleneck, the evaluation assumption of LTE link budget was agreed in [2] and the evaluation results are summarized in [3]. In this contribution, system-level simulation of LTE coverage is given. And according to all the evaluation results, we share our views on LTE coverage enhancement.
2 LTE coverage evaluation and discussion 

The evaluation results from the companies and coverage issues identification are summarized in [3]. And according to [3], the summary on coverage issues is as following:
1. LTE with 2Tx&2Rx at base station and 1Tx&2Rx at UE

· 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
According to the evaluation results [3], the most coverage limited channel is the PUSCH with medium data rate, which has about a 10 dB gap to the other channels when the medium data rate is set to 384kbps. According to our results, the UL control channels and VoIP 12.2kbps channel are generally well balanced, e.g. VoIP and PRACH imbalance is within 1dB; in addition, even the imbalance between VoIP/PRACH and the limited DL control channel is within 3dB. It is known that the cell coverage is associated with a certain data rate when the data channel is the bottleneck. Therefore, system-level simulation is used to further observe the relation between the cell-edge data rate and the cell radius. 
The system-level simulation results are shown in Table 1. And in Table 1, both 5% cell edge throughput and 30% UE (the 30% worst UE) throughput are given. According to the simulation results, in Case 1, above 400kbps and 800 kbps data rate can be supported for 5% cell-edge and 30% UE throughput respectively, which means the 5% cell edge UE can support a medium data rate of 384kbps.  And in Case 3, above 50kbps and 300 kbps data rate can be supported respectively.  For all the cases, PDCCH without blocking increases the throughput especially in the cell-edge and thus increases the supported data rate, e.g., in Case 3, without PDCCH blocking, the 30% worst UE can support a medium date rate of 384kbps.
In the simulation, considering both DL assignments and UL grants exist on the PDCCH, 2 to 8 DL assignments (average 5) are randomly assigned and their CCEs are allocated before UL grants are allocated.  More simulation assumptions are shown in the Appendix.
Table 1  The impact of PDCCH blocking on PUSCH transmission
	Case 1 
	1X4
	1X2

	
	With pdcch blocking 
	Without pdcch blocking
	gain
	With pdcch blocking
	Without pdcch blocking
	gain

	cell avg TP (Mbps)
	18.79
	18.87
	+0.43%
	12.68
	12.79
	+0.87%

	5% cell edge TP  (kbps)
	704
	802
	+13.922%
	404
	460
	+13.86%

	30% UE TP (kbps)
	1339
	1360
	+1.59%
	830
	847
	+2.05%


	Case 3 
	1X4
	1X2

	
	With pdcch blocking 
	Without pdcch blocking
	gain
	With pdcch blocking
	Without pdcch blocking
	gain

	cell avg TP (Mbps)
	11.75
	12.25
	+4.25%
	7.74
	8.23
	+6.33%

	5% cell edge TP  (kbps)
	129
	174
	+34.88%
	58
	71
	+22.41%

	30%  UE TP (kbps)
	562
	649
	+15.48%
	332
	383
	+15.36%


Observation: 
The cell-edge throughput increases obviously when there is no PDCCH blocking.

Therefore,  we propose 

· The PDCCH capacity should be enhanced.
3 Conclusion
According to the link level simulation results [3], we observed:
· The UL control channels and VoIP 12.2kbps channel are generally well balanced,

· The improvement of  PUSCH  with medium data rate should be the focus.  
According to our system level simulation results, we observed:

· The cell-edge throughput increases obviously when there is no PDCCH blocking, and thus increases the supported data rate.

Therefore, we propose:

· The PDCCH capacity should be enhanced. 
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Appendix A. Simulation Assumptions
Table 1 Simulation assumptions
	Parameter
	Assumption

	Cellular layout 
	19 cell sites, 3 cells per site, wrap‑around 

	3GPP scenarios 
	Case1/3

	Distance-dependent path loss 
	L = 128.1 + 37.6log10(R), R in kilometers 

	Lognormal Shadowing 
	As modeled in UMTS 30.03, B 1.4.1.4, Std dev = 8 dB 

	Shadowing correlation 
	Between sites 
	0.5 

	
	Between cells per site 
	1.0 

	Number of OFDM symbols per subframe 


	14 

	Channel model 
	SCM

	UE deployment 
	10 per cell (uniform random spatial distribution over cells) 

	Minimum distance between UE and BS 
	35 m 

	HARQ scheme 
	Chase combining, Max HARQ number = 8 

	Thermal noise density 
	-174 dBm/Hz 

	MAX UE TX power 
	23 dBm 

	Antenna configuration 
	1x4,1x2, co-polar 

	MIMO type 
	SIMO, MMSE receiver 

	Link to system level interface 
	MI model 

	Traffic type 
	Full buffer 

	Scheduler 
	PF 

	PDCCH format
	Format 0/1A

	Number of symbols for PDCCH
	3








































































































































































































