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Discussion and Decision
1
Introduction
In RAN1#80, it was agreed that for PUSCH repetition or TTI bundling, the following techniques will be supported – multiple-SF channel estimation, and frequency hopping over system bandwidth across subframes within a bundle. Other techniques were FFS. In this contribution, we consider PUSCH performance with 100Hz residual frequency error and whether additional techniques should be specified for coverage enhancement.

2
PUSCH Coverage Enhancement Techniques
The following techniques have been considered for PUSCH coverage enhancement [1] – multiple-SF channel estimation, frequency hopping, DMRS density increase, narrrowband transmission or UL PSD boosting, CDMA transmission, PUCCH structure, and shorten CRC. Out of these techniques, multi-subframe channel estimation and frequency hopping have been agreed to be supported. As noted in [3]
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[4], the residual frequency error has an impact on the performance since it affects the number of subframes that can be used for channel estimation. Figure 1 shows PUSCH performance with multi-subframe channel estimation when 96 transmissions are used for the PUSCH. Frequency hopping is also used here with hopping done every 8 subframes.
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Figure 1. PUSCH performance with multi-subframe channel estimation – (a) 100Hz frequency error, (b) 20Hz and 100Hz frequency error.

Figure 1(a) illustrates that with residual frequency error of 100Hz, it is only feasible to combine reference signals across 2-3 subframes. Using 4 subframes degrades performance. However, it should be noted that multi-subframe channel estimation still provides a substantial gain of approximately 1 dB. If the residual frequency error can be reduced to 20Hz, results from Figure 1(b) shows that channel estimation across 4 subframes is possible and provides additional 1.5-2.0 dB improvement at the 10% BLER.
Observation 1: Multi-subframe channel estimation provides significant gain of approximately 1dB with residual frequency error of 100Hz and 2.5-3dB with residual frequency error of 20Hz. 
Results from Figure 1 shows that significant improvement in channel estimation is possible. Increasing DMRS density and narrowband transmission were also popular techniques with many companies submitting evaluation results in RAN1#80. We further evaluate these two techniques taking into account multi-subframe channel estimation, frequency hopping, and residual frequency error. Link level PUSCH simulation results are shown in Figure 2. Simulation parameters include 1 PRB, MCS5, 1Tx-2Rx, 10MHz system bandwidth. Multi-subframe channel estimation using 2 subframes were used. For frequency hopping, the UE hops by half bandwidth (i.e. 25 PRBs) every 8 subframes. At 155.7dB MCL, the target PUSCH SNR is -16.3 dB assuming 1 PRB transmission and maximum UE Tx power of 23dBm. 
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Figure 2. PUSCH - MCS5, 1Tx-2Rx, EPA1, 1/2 BW Hopping – (a) 4SF ChanEst, (b) 8SF ChanEst.

Figure 2 shows that 2X DMRS density provides some gain (~0.7dB) for 2SF cross-subframe channel estimation. Further increase in DMRS is not expected to show significant gain as shown in [2]. 

Observation 2: Increasing the DMRS density to 2X provides some gain (~0.7dB) for 2SF multi-subframe channel and 100Hz residual frequency error.
Figure 2 also shows that narrowband transmission can provide reasonable gain (~1.0dB) in addition to multi-subframe channel estimation and frequency hopping. Note that the results shown are from a stand-alone system with no interfering cells. In case of inter-cell interference, there would be less interference averaging on the DMRS and performance may degrade.
Observation 3: Narrowband transmission (3 REs/PRB) provides some gain (~1.0dB) for 2SF multi-subframe channel and 100Hz residual frequency error. 
Figure 2 shows that a large number of subframes would be required to meet the 18dB coverage enhancement gain. For 23dBm UE, approximately 100 transmissions are required with either 2X DMRS or narrowband transmission. With further reduction in the maximum power of the UE, the required number of subframes for repetition would be increased significantly (e.g. >200 transmissions for 20dBm UE). As a result, the system capacity will be reduced significantly with large number of coverage limited UEs. To avoid this, narrowband transmission may be considered since multiple UEs can be multiplexed into the same PRB, thus the capacity in coverage limited scenario is not significantly impacted.
Observation 4: Narrowband transmission can be used to improve capacity in coverage-limited scenarios.
Since the frequency error accuracy requirement is ±0.01ppm, it can be expected that frequency error will be ±200Hz at 2 GHz carrier frequency. The AFC at the eNB may be able to correct the error further but this might be difficult at very low SNRs. Therefore, additional techniques should be considered to improve performance.  Increasing DMRS density and narrowband transmission are two promising techniques that can be used to improve PUSCH performance. There may also be other scenarios where increasing DMRS density would provide meaningful benefit (e.g. high speed). In addition, narrowband transmission can be used to further improve capacity as well.
Proposal: Consider specifying additional techniques (e.g. increasing DMRS density and narrowband transmission) to improve PUSCH performance at moderate residual frequency error (e.g. 100Hz). Narrowband transmission can be used to further improve capacity as well.
3
Conclusion
In this contribution, we additional techniques for PUSCH coverage enhancement and make the following observations and proposals –

Observation 1: Multi-subframe channel estimation provides significant gain of approximately 1dB with residual frequency error of 100Hz and 2.5-3dB with residual frequency error of 20Hz. 
Observation 2: Increasing the DMRS density to 2X provides some gain (~0.7dB) for 2SF multi-subframe channel and 100Hz residual frequency error.
Observation 3: Narrowband transmission (3 REs/PRB) provides some gain (~1.0dB) for 2SF multi-subframe channel and 100Hz residual frequency error. 

Observation 4: Narrowband transmission can be used to improve capacity in coverage-limited scenarios.
Proposal: Consider specifying additional techniques (e.g. increasing DMRS density and narrowband transmission) to improve PUSCH performance at moderate residual frequency error (e.g. 100Hz). Narrowband transmission can be used to further improve capacity as well.
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