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Discussion/Decision
1
Introduction
In RAN1 #80, the followings agreements and observations for the PUSCH coverage enhancement were made at RAN1#80 [1]:

Agreements:
· For ‘physical channel(s) carrying UL data’ repetition (including different RVs) for Rel-13 low complexity MTC UEs with a coverage enhancement mode, the following techniques are supported

· Multiple-SF channel estimation

· Frequency hopping over system bandwidth across subframes

· Network can enable or disable the hopping

· FFS details of configuration

· FFS on other techniques

Observations:

· In some cases, the results have a higher than expected variation. This may be due to the differences in residual frequency offset (0-100Hz) which companies assumed and/or due to the difference in symbol timing (some companies had perfect symbol timing others used realistic symbol timing).

· Cross SF channel estimation averaging is the most effective method to reduce the number of PUSCH repeats necessary.

· For 18dB gain and SF ave of 1 and 4, 7 of 8 companies results shows that increasing DM-RS by 2X is an effective method to reduce the number of PUSCH repeats necessary. For all other case, increasing DM-RS had no effect.

· The simulation results for the sub-PRB narrow band method are inconsistent but in general at low SINRS, the results show only a margin decrease in the number of PUSCH repeats necessary.

· The simulation results show that frequency hopping within 6PRB is not effective method to reduce PUSCH repeats.

· 5 of 6 companies’ results show that frequency hopping at low SINRs over 50 PRBs can reduce the number of PUSCH repeats.
This contribution provides a summary of simulation results for PUSCH transmission that have been submitted at RAN1#80bis, see references [5-23].  This summary focuses on observations and proposal WRT to residual frequency error, DMRS densitiy increase, and Sub-PRB transmission with frequency hopping.  Single company simulation results for CDMA can be found in [20] and PUCCH results in [21]. 
2
Residual Frequency Offset

The following observation was made last meeting RAN1#80:

· In some cases, the results have a higher than expected variation. This may be due to the differences in residual frequency offset (0-100Hz) which companies assumed and/or due to the difference in symbol timing (some companies had perfect symbol timing others used realistic symbol timing).


An ambiguity occurs WRT the eNB’s residual frequency offset because the simulation assumptions in [2,3] only specifies the UE’s frequency offset and does not stipulate whether the eNB can apply some further automatic frequency correction (AFC) algorithms which can decrease the UE’s frequency offset. Several companies investigated the effect of differenent residual frequency offsets. The tdocs [4,5,6,7] include simulation results which support the observation below.
Observation:  Assuming a residual frequency offsets of 100Hz will result in a large BLER degradation when cross subframe channel estimation >= to 8 subframes is used.
Proposal:  A residual eNB frequency offset assumption of [100] Hz should be used in PUSCH simulations.

Proposal:  A maximum of [4] subframes shall used for cross subframe channel estimation in PUSCH simulations.
3
DMRS Density Increase

It has been proposed to increase the DM-RS density for PUSCH coverage enhancement in order to improve the channel estimation performance which may lead to the reduced the number of repetitions especially in the low SNR region. The PUSCH results from RAN1#80 [8] already showed DMRS mostly helps in low SNRs and only is cross SF channel estimation is <=4 which resulted in this agreed observation in RAN1#80.
For 18dB gain and SF ave of 1 and 4, 7 of 8 companies results shows that increasing DMRS by 2X is an effective method to reduce the number of PUSCH repeats necessary. For all other cases, increasing DM-RS had no effect.

The tdocs [9,10,11,12,13,14,22] submitted to RAN1#80bis also support the above observation. Given this observation was already captured, even though the number of companies will change, there doesn’t seem to be value in create a new observation.
The determination the residual frequency error is fundamental linked to the effecicacy of DMRS Density increasing technique since the the maximum residual frequency error will limit the maximum amount of cross subframe channel estimation that can be used. E.g. if the residual error is < 50Hz, then 8 SF cross subframe channel estimation can be used and thus increasing DMRS is not effective. 
[23] proposed “Consider enhanced DMRS for large coverage enhancements by inserting a DMRS only subframe in the beginning of the bundled transmission”. This maybe an additional DMRS density increase technique which companies could evaluate for next meeting. 
Proposal: 
At RAN#1 81, decided whether DMRS density increase is specificed in Rel 13 for eMTC.
4
Sub-PRB (PSD Boosting) + Frequency Hopping Technique
Given frequency hopping has now been an agreed PUSH coverage enhancement technique, companies have submitted additional simulation results combining frequency hopping and Sub-PRB technique to determine whether the Sub-PRB technique can provide benefits beyond frequency hopping. The table below summarizes the results:

	Cov. Gain
	Cross-SF Ch. Est.
	Frequency Hopping
	Narrowband Transmission
	Repetitions 

	
	
	
	
	[15] Samsung
	[18]
Nokia *
	[17] 
Sierra
	[16] 
Intel
	Average

	18
	8
	8
	1 PRB (12 SC)
	256
	100
	105
	80
	135

	
	
	
	3 Sub Carriers
	128
	84
	98
	84
	99

	
	
	
	Gain
	50%
	16%
	7%
	-5%
	27%


* results were convert from dB to linear repeats to allow comparisions with other results
[16] used a different technique of puncturing which reduced the effective coding rate, while the other sources [15,18,17] used a method where the effective coding rate was maintained which could expain the difference in performance. 
Observation:  The Sub-PRB technique (3 SCs/PRB) provides 27% additiona gain when combined with cross-subframe channel estimation and frequency hopping techniques.

Given that there is no increase in the number of required repetitions, then if the other subcarriers can be utilized by other Rel 13 LC UEs, there is a net increase in capacity and spectral efficiency.
Observation: 
The sub-PRB technique may increase PUSCH capacity if all subcarriers can be utilized.
In additional to reducing, the number of repetitions and increasing capacity, [19] shows that the PAPR can be reduced when the Sub-PRB technique is used which can incease the efficiency of the UE’s power amplifier. 
Observation:  The sub-PRB technique will reduce the PAPR of the transmitted signal and thus will allow the UE’s power amplifier to operate more efficiently which will reduce the UE’s power consumption.

Proposal: 
At RAN#1 81, decided whether sub-PRB PUSCH transmission is specificed in Rel 13 for eMTC.
5- CDMA Techique
A single company simulation results for CDMA can be found in [20] which supports the following observation:
Observation:  One company's results show that CDMA can increase PUSCH capacity without negatively effecting coverage enhancement.

Proposal: 
At RAN#1 81, decided whether CDMA PUSCH transmission is specificed in Rel 13 for eMTC.
6- PUCCH Techique
A single company simulation results for PUCCH can be found in [21] 
Proposal: 
At RAN#1 81, decided whether PUCCH PUSCH transmission is specificed in Rel 13 for eMTC.
3
Conclusion
Observation:  Assuming a residual frequency offsets of 100Hz will result in a large BLER degradation when cross subframe channel estimation >= to 8 subframes is used.
Proposal:  A residual eNB frequency offset assumption of [100] Hz should be used in PUSCH simulations.

Proposal:  A maximum of [4] subframes shall used for cross subframe channel estimation in PUSCH simulations.

Proposal: 
At RAN#1 81, decided whether DMRS density increase is specificed in Rel 13 for eMTC.
Observation:  The Sub-PRB technique (3 SCs/PRB) provides 27% additiona gain when combined with cross-subframe channel estimation and frequency hopping techniques.
Observation: 
The sub-PRB technique may increase PUSCH capacity if all subcarriers can be utilized.
Observation:  The sub-PRB technique will reduce the PAPR of the transmitted signal and thus will allow the UE’s power amplifier to operate more efficiently which will reduce the UE’s power consumption.

Proposal: 
At RAN#1 81, decided whether sub-PRB PUSCH transmission is specificed in Rel 13 for eMTC.
Observation:  One company's results show that CDMA can increase PUSCH capacity without negatively effecting coverage enhancement.

Proposal: 
At RAN#1 81, decided whether CDMA PUSCH transmission is specificed in Rel 13 for eMTC.
Proposal: 
At RAN#1 81, decided whether PUCCH PUSCH transmission is specificed in Rel 13 for eMTC.
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