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 This document contains PUSCH link layer simulation results for various PUSCH enhancement techniques within the simulation assumptions outlined in [1] and [2].
Simulation Assumptions 
Simulation assumptions beyond those specified in [1] and [2]:
EPA 1Hz
MCS5
FDD (no TDD)
Incremental redundancy 
LLR(log likelihood ratio) combining after demodulation
A frequency error compensation algorithm was used (i.e. residual frequency error <=25Hz)
A symbol timing algorithm was used (i.e. resulting are for non-perfect symbol timing)
0. PUSCH Baseline
In the baseline simulation, the number of repetitions is 1 (i.e. 1 SF transmission), and no additional coverage gain is required. Also, there is no cross-SF Channel estimation, i.e. only 1 SF is used for estimating the channel.

Result:
BLER measured at 2.5dB SINR => 10%.  The baseline SINR corresponding to 0 dB gain used throughout the remainder of this document is 2.5 dB. 



Cross SF Channel Estimation
For this simulation a “Sliding average” cross-subframe channel estimation without data buffering (meaning for example that the channel compensation of the data symbols in the first subframe only relies on the DMRS transmitted in the first subframe). 

The following numbers of subframe transmissions were required for the various gains and Cross SF averaging values:
	Cov. Gain
	Cross-SF Ch. Est.
	Subframes

	6
	1
	8

	
	4
	4

	
	8
	4

	12
	1
	57

	
	4
	24

	
	8
	23

	18
	1
	420

	
	4
	160

	
	8
	155



Observations: Cross SF channel estimation averaging is a very effective technique to reduce the required number of SFs transmitted. 

Observations: The performance of 8 and 4 Cross SF channel estimation averaging are similar. 

The following number of subframe transmissions was required when NO frequency error compensation algorithm was used by the eNB (i.e. the residual frequency error = 100Hz):
	Cov. Gain
	Cross-SF Ch. Est.
	Subframes

	18
	8
	260



Observations: The efficacy of cross SF channel estimation averaging at 8 SF will depend on the effectiveness of the eNB’s frequency error compensation algorithm. 

DMRS Density Increase
2X DMRS was simulated by puncturing symbols2 and 9normally reserved for PUSCH and replacing them with DMRS REs. The effective coding rate decreased due to the puncturing by a factor of 12/10.

4X DMRS was simulated by spreading the PUSCH RE normally in 1 SF into 2 SFs, and using the free REs (at symbols 2,9;6,13;and1,8) to send 4X more DMSR REs. In this way, the effective coding rate was not changed.  Puncturing was not used for 4X DMRS case, as it decreased the effective code rate to a point where there was measurable performance degradation. 
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Figure 1: DMRS Densities

The following numbers of subframe of transmissions were required for the various coverage gains, cross SF channel estimations, and DRMS densities: 

	Cov. Gain
	Cross-SF Ch. Est.
	DMRS Density
	Subframes

	



6
	
1
	1X
	8

	
	
	2X
	6

	
	
	4X
	5

	
	
4
	1X
	4

	
	
	2X
	4

	
	
	4X
	5

	
	
8
	1X
	4
4
5

	
	
	2X
	

	
	
	4X
	

	



12
	
1
	1X
	57

	
	
	2X
	50

	
	
	4X
	33

	
	
4
	1X
	24

	
	
	2X
	23

	
	
	4X
	22

	
	
8
	1X
	23

	
	
	2X
	22

	
	
	4X
	18

	



18
	
1
	1X
	420

	
	
	2X
	400

	
	
	4X
	260

	
	
4
	1X
	160

	
	
	2X
	148

	
	
	4X
	140

	
	
8
	1X
	155

	
	
	2X
	140

	
	
	4X
	120



Observation: For 6 dB gain, DMRS boosting has little effect on the PUSCH performance except for the 1SF averaging case where there is an improvement.

Observation: For 18db and 12db gain, the 4X DMRS performs the best regardless of what cross SF channel estimation averaging is used.

Proposal : RAN 1 should consider specifying 4X DMRS density for PUSCH coverage enhancement.

Narrow band transmission (or UL PSD Boosting)
The Narrow band (NB) transmission was simulated in a way such that the effective coding rate is not decreased. This is done by bundling (e.g. 12/#_of_subcarriers) for the narrow band (NB) transmissions. 

The following numbers of subframe of transmissions were required for different values of coverage gain, cross SF channel estimation, DRMS densities, and Narrow band transmission widths: 

	Cov. Gain
	Cross-SF Ch. Est.
	DMRS Density
	Subcarriers
	Subframes

	



6
	
1
	1X
	12,6,3,1
	8,8,8,8

	
	
	2X
	12,6,3,1
	6,6,6,6

	
	
	4X
	12,6,3,1
	5,5,5,5

	
	
4
	1X
	12,6,3,1
	4,4,4,4

	
	
	2X
	12,6,3,1
	4,4,4,4

	
	
	4X
	12,6,3,1
	5,5,5,5

	
	
8
	1X
	12,6,3,1
	4,4,4,4

	
	
	2X
	12,6,3,1
	4,4,4,4

	
	
	4X
	12,6,3,1
	5,5,5,5

	



12
	
1
	1X
	12,6,3,1
	57,55,50,48

	
	
	2X
	12,6,3,1
	50,50,44,44

	
	
	4X
	12,6,3,1
	33,30,30,26

	
	
4
	1X
	12,6,3,1
	24,24,22,20

	
	
	2X
	12,6,3,1
	23,23,22,20

	
	
	4X
	12,6,3,1
	22,20,16,16

	
	
8
	1X
	12,6,3,1
	23,20,20,20

	
	
	2X
	12,6,3,1
	22,22,20,20

	
	
	4X
	12,6,3,1
	18,18,18,18

	



18
	
1
	1X
	12,6,3,1
	420,418,416,414

	
	
	2X
	12,6,3,1
	400,360,345,340

	
	
	4X
	12,6,3,1
	260,248,240,216

	
	
4
	1X
	12,6,3,1
	160,158,156,156

	
	
	2X
	12,6,3,1
	148,140,136,132

	
	
	4X
	12,6,3,1
	140,105,112,96

	
	
8
	1X
	12,6,3,1
	155,128,120,110

	
	
	2X
	12,6,3,1
	140,116,110,90

	
	
	4X
	12,6,3,1
	140,96,94,85



Observation: For 18 dB gain, the very best performance occurred with 1 narrow band subcarrier and 4X DRMS.

Observation: For 18 dB gain and 2X DMRS, the best performance is with 1 narrow band subcarrier.

Observation: The narrow band technique does not provide additional gain at SNRs corresponding to 6 dB coverage gain.

Conclusion: The narrow band technique is effective at reducing the number of transmitted SF at SNRs corresponding to >6 dB coverage gain.

Conclusion: The narrow band technique can increase capacity if the other subcarriers are utilized by other UEs.

Proposal: Given the performance of the Narrow Band transmission technique, RAN1 should continue to evaluate this technique including the implementation and specification complexity.

Frequency Hopping
Not simulated.

CDMA
Not simulated.

PUCCH structure
Not simulated.

Shorter CRC
Not simulated.

Observations, Conclusions, and Proposals
Observations: Cross SF channel estimation averaging is a very effective technique to reduce the required number of SFs transmitted. 

Observations: The performance of 8 and 4 Cross SF channel estimation averaging are similar. 

Observations: The efficacy of cross SF channel estimation averaging at 8 SF will depend on the effectiveness of the eNB’s frequency error compensation algorithm. 

Observation: For 6 dB gain, DMRS boosting has little effect on the PUSCH performance except for the 1SF averaging case where there is an improvement.

Observation: For 18db and 12db gain, the 4X DMRS performs the best regardless of what cross SF channel estimation averaging is used.

Proposal 1: RAN 1 should consider specifying 4X DMRS density for PUSCH coverage enhancement.

Observation: For 18 dB gain, the very best performance occurred with 1 narrow band subcarrier and 4X DRMS.

Observation: For 18 dB gain and 2X DMRS, the best performance is with 1 narrow band subcarrier.

Observation: The narrow band technique does not provide additional gain at SNRs corresponding to 6 dB coverage gain.

Conclusion: The narrow band technique is effective at reducing the number of transmitted SF at SNRs corresponding to >6 dB coverage gain.

Conclusion: The narrow band technique can increase capacity if the other subcarriers are utilized by other UEs.

Proposal 2: Given the performance of the Narrow Band transmission technique, RAN1 should continue to evaluate this technique including the implementation and specification complexity.
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