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Discussion
1 Introduction
One agreement from the previous meeting [1] is that, the number of subcarriers per PRB for NR study are 12, 16.
The determination of this number should consider several aspects. From the demodulation point of view, the channel estimation quality can be improved when there are more number of subcarriers per PRB, since it allows the increase of the reference signals.
Resource granularity is another aspect for evaluation. For delay-non-tolerant services, such as VoLTE, eNB scheduler cannot use aggregation method to maximize system capacity. If the PRB size is too large as compared to the L2 packet size, the system capacity will be sacrificed due to the improper TB size. The issue of the TB size in the VoLTE was discussed in Rel-8 [2]. Now that the new codec, such as EVS voice, will be introduced. We think a proper PRB design of considering the combination of subcarrier number and OFDM symbol number is needed.
In this contribution, we study the demodulation performance for 12 and 16 subcarriers per PRB. Several reference signal (DMRS) patterns for 16 subcarriers are simulated and the numerical results are compared with that by the LTE format. And finally we provide the observations and the proposals. 
2 Analysis from the channel estimation point of view
Let’s also consider 7 OFDM symbols in a slot and 2 symbols reserved for the control region. The CRS and CSI-RS are removed in this study. For the data channel allocation, the available RE number per PRB pair becomes 192 and 144 for the cases of 16 and 12 subcarriers respectively.

The 12 number of DMRS for two-layer transmission is designed in LTE. Similarly, the number of DMRS can be 16 for the case of 16 subcarriers to keep the same overhead. The TB size and the corresponding code rate should also be the same to avoid the channel coding effect. In our simulation, the number of scheduled PRB pair is 6 and 8 for 16 and 12 subcarriers respectively, and the detailed parameters are listed below.
	
	12 subcarriers (LTE)
	16 subcarriers

(4 RS in freq direction)
	16 subcarriers

(5 RS in freq direction)

	Control region (symbols)
	2
	2
	2

	DMRS number
	12
	16
	20

	Available data RE number per PRB pair
	(14-2)*12 -12 = 132
	(14-2)*16 -16 = 176
	(14-2)*16 -20 = 172

	RS overhead
	12/144 = 8.33%
	16/192 = 8.33%
	20/192 = 10.42%

	Number of PRB pair to schedule
	8
	6
	6

	TB size for MCS 14
	2024
	2024
	2024

	Code rate for MCS 14
	0.485
	0.485
	0.496

	TB size for MCS 5
	680
	680
	680

	Code rate for MCS 5
	0.333
	0.333
	0.341


                      Table 1, parameters for the simulation
The channel estimation (interpolation) is performed inside each PRB pair. The cross-PRB interpolation along the frequency direction is not allowed. The RAN4 channel model, AWGN, EPA 5Hz, EVA 70Hz and ETU 5Hz are applied. The two layers with fixed MCS at 5 and 14 are simulated. 
Fig. 1 shows the DMRS pattern in LTE, and Fig. 2 and Fig. 3 show the different allocations of 16 DMRS for the case of 16 subcarriers. The main difference is the number of the resource elements for using the extrapolation to acquire the estimated channel value in frequency direction, which are 3 and 1 in Fig. 2 and Fig. 3 respectively.
Also in Fig. 4, 20 number of DMRS are applied. In this case the code rate will be slightly increased. The purpose of doing so is to study if the gain from the channel estimation can compensate the loss of the code rate.
The results of MCS 14 and MCS 5 are shown in Fig. 5 to Fig. 8, and in Fig. 9 to Fig. 12 respectively. The three reference signal patterns for the case of 16 subcarriers (Fig. 2~ Fig. 4) basically don’t have significant performance difference. However, the Opt. 2 of 16 DMRS is slightly better than the Opt. 1 in ETU channel. 
Generally speaking, the better throughput performance can be achieved by the PRB size with 16 subcarrier. The gain is around 1dB in MCS 5, and around 0.5dB in MCS 14 as compared to the case of 12 subcarriers. 
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    Fig. 1, 12 subcarriers, 12 DMRS (LTE)       Fig. 2, 16 subcarriers, 16 DMRS, option 1
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       Fig. 3, 16 subcarriers, 16 DMRS, option 2     Fig. 4, 16 subcarriers, 20 DMRS
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      Fig. 5, AWGN, MCS 14, two layers            Fig. 6, EPA 5Hz, MCS 14, two layers
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      Fig. 7, EVA 70Hz, MCS 14, two layers          Fig. 8, ETU 5Hz, MCS 14, two layers
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     Fig. 9, AWGN, MCS 5, two layers               Fig. 10, EPA 5Hz, MCS 5, two layers
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     Fig. 11, EVA 70Hz, MCS 5, two layers           Fig. 12, ETU 5Hz, MCS 5, two layers
3 Conclusion

Finally we have,
Observation 1, For the case of 16 subcarriers per PRB, the performance gain is around 1dB in MCS 5, and around 0.5dB in MCS 14 as compared to the case of 12 subcarriers. 

Observation 2, It is expected that the packing efficiency is degraded when the PRB size increases. It is still not clear whether the link-level performance gain can compensate the potential system-level performance degradation due to the worse packing efficiency for the larger PRB size.
Proposal 1, The link-level performance gain for 16 subcarriers per PRB is not surprisingly large. RAN1 should further study the system-level performance impact of the packing efficiency when the PRB size becomes larger.
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