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Introduction
This document summarizes the PUSCH performance results from submitted Tdocs on RAN#82. 
Unless otherwise stated, simulation assumptions follow [13,14].
Cross-SF Channel Estimation
RAN#81 tdocs [1,2,4,6,7,8,10,11] supported the below observation in [29]:
“When the residual eNB CFO is >=100Hz, the maximum number of SFs for cross-SF channel estimation should be at most 4 subframes.”
However in RAN#82, tdocs [16,22] observed that cross-SF channel estimation using 8 SF is possible even with the residual eNB CFO=100Hz. Tdoc [16] claims it is possible to use techniques that compensate for the effect of frequency offset on cross-subframe channel estimation [17] (i.e. centering window).

Give the above contradiction, no observations can be made. 
Performance of increased DMRS density 
[bookmark: _Ref403170895]2X DMRS
RAN1#81 tdocs [1-9] and RAN1#82 [16,22,23,24] supports the following observation:
Observation: At the highest coverage enhancement level (18 dB),  when residual eNB CFO=100Hz, and when 3-4 cross SF channel estimation is used, doubling the DMRS density in PUSCH provides an average 10.3% reduction in repeats.
RAN1#82 tdoc [16] found that when 8 SF centering window cross SF channel estimation is use, doubling the DMRS density in PUSCH provides only 0.25 dB reduction in repeats.
Recommendation: Companies to evaluate techniques to support 8 SF cross-SF channel estimation before agreeing to increase DMRS.
Burst DMRS 
This technique has a burst (i.e. a full SF) of DMRS sent at the beginning of each frequency hop. This technique was evaluated by two companies [16, 18] at RAN1#82 and is summarized as follows:
Tdoc [16]:  No gain for 4 SF ch. Est. , 0.2dB gain  for 8 SF ch. Est. (with CFO =100Hz)
Tdoc [18]:  0.8 dB gain, unknown CFO, and ch. Est.
The above results are valid at the highest coverage level (i.e. 18 dB). 

Give the above contradiction, no observations can be made. 
Time Diversity
Time Diversity is a technique where gaps in the UL data traffic are inserted to extending the time need to transmit the TB.  This technique was evaluated by one company [19] at RAN1#82 and the results summarized as follows:
RAN1#82 tdoc [19] found that a 3X Time diversity can reduce the required number of repetitions by 35% for system BW < 10MHz.  However, if only 1 HARQ process is available, the speed will also be reduced by 3X which impacts both the application’s ability to send messages quickly but also the battery life as the UE would have to stay awake for longer. 
Observation: One company’s results indicated, time diversity can reduce repetitions for system bandwidths < 10 MHz. 
Longer TTI for Larger Transport Blocks
Two companies submitted results considering large TB and coding across TTI TTI improves performance (See [20, 21]).  The following observations are supported by [20,21]:
Observation:  Utilizing a large transport block (>~500 bits) can reduce RLC/MAC/CRC overhead.

Observation: A longer TTI for large transport blocks can reduce the required number of repetitions to be transmitted.
Note: Frequency hopping was not enable.
Consideration of different RVs 
PUSCH repetitions can be performed either using the same redundancy versions (RVs), e.g., RV0, or with pre-defined RV cycling as currently defined for UL TTI bundling transmissions, e.g., RV pattern of [0 2 3 1]. The above two options were evaluated by [22] and the results summarized as follows:
Tdoc [22] found that RV cycling provided a 0.4dB gain for MCS8 (120 bits).
Observation: For larger TBs, the number of PUSCH repetitions can be reduced using RV cycling.

Symbol Level Combining
Two possible combining methods were evaluated: LLR combining IQ combining assuming. These methods are well defined in figures 1 and 2 of [23]. 
These options were evaluated by two companies at RAN1#82 and the results summarized as follows:
Tdoc [23] finds that LLR combining is not feasible and IQ combining over the SF which cross-subframe channel estimation is performed should be used.
Tdoc [22] finds the IQ combining is not feasible and LLR combining and symbol-level combining with MRC should be used
Both results assume a 100Hz residual frequency offset and >= 4 SF cross-subframe channel estimation. However the two companies acknowledge that there are some differences between the simulation implementations which can explain the difference but these need further study. 
Give the above contradiction, no observations can be made. 
Sub-PRB (PSD Boosting) Technique
Tdoc [25] supports the observations made in [28] at RAN1#80bis:
Observation: 	The sub-PRB technique will increase PUSCH capacity without negatively effecting coverage enhancement. 
CDMA Technique
Tdoc [26,27] supports the observation made in [28] at RAN1#80bis:
Observation:  CDMA can increase PUSCH capacity without negatively effecting coverage enhancement.
Conclusions
EDITOR WILL COPY/PASTE ABOVE OBSERVATIONS/RECOMMENDATIONS JUST BEFORE UPLOADING
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