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1. Introduction
In RAN1 #67 meeting, reduction of peak rate was agreed to be a potential technique which may provide significant cost savings for low-cost MTC UEs [1]. This technique was analyzed and evaluated and the corresponding text proposal has been agreed in [2]. Several peak rate reduction techniques were considered including reduction of TBS, restriction of PRB, restriction of maximum modulation order, etc. In this contribution, we give further analysis on these techniques and provide our recommendations.
2. Discussion
In the text proposal [2], several candidate techniques for peak rate reduction were proposed:
· Technique 1: Reduction of maximum transport block sizes for DL and UL

· Technique 2: Restricting the number of PRBs in an assignment/grant

· Technique 3: Restricting the maximum modulation order 
Based on the cost analysis in [2], reduction of peak rate can bring considerable cost savings. For technique 1 and 2, the cost savings are mainly from baseband and are estimated to be 6.5%-21%. For technique 3, both cost savings in RF and in baseband can be achieved. It is estimated that if the modulation order is restricted to QPSK, 3-10% cost savings can be obtained. From the performance perspective, reduction of peak rate has no or minimal impact on coverage and cell spectral efficiency as long as the maximum modulation order is not restricted. Furthermore, reducing the peak rate in general has no impact on the minimum data rate or power consumption. The impact on specifications is also expected to be small if the peak rate reduction is introduced for low-cost MTC LTE UEs. So we propose: 
Proposal 1: Reduction of peak rate is recommended for low-cost MTC UEs.
Furthermore, we compare these three techniques for reduction of peak rate from cost saving and performance impact perspectives and give our recommendations.
The cost savings for both reduction of maximum TBS (Technique 1) and restriction of number of PRBs (Technique 2) come from Turbo decoding, HARQ buffer and UL processing block which are proportional to the maximum TB size. Restriction of number of PRBs can be deemed as another method to reduce the maximum TBS. The cost savings are equivalent for both techniques as long as the maximum TBS is the same. From performance perspective, reduction of maximum TBS limits the peak rate consequently. It is noted that any TBS restriction should take the characteristics of MTC traffic into account hence it should be acceptable. However, technique 2 may further limit the maximum TBS that can be transmitted. When the channel condition is bad or not good enough to use the highest MCS, because of the restriction of number of PRBs, only smaller TBS can be transmitted for technique 2 which will result in some problems such as the PDU segmentation and dissatisfaction of required data rate. While in this case, eNB can assign more PRBs for technique 1 so that there is no further restriction of the maximum TBS which can guarantee the peak rate requirement satisfied. So reduction of maximum TBS (Technique 1) is preferred and recommended. 
For restriction of maximum modulation order (Technique 3), its cost saving is from potential reduction in power amplifier and EVM requirements. As discussed above, the cell spectral efficiency degrades if the maximum modulation order is restricted. The system-level simulation results based on assumptions in [3] are illustrated in Figure 1 and Figure 2 for downlink and uplink respectively and the cell spectral efficiency reduction is calculated and shown in Table 1. Significant degradation in cell spectral efficiency is observed. In the downlink, the cell spectral efficiency decreases about 39.5%/68.2% when the maximum modulation order is restricted to 16QAM/QPSK respectively. In the uplink, when the modulation order is restricted to QPSK, the cell spectral efficiency loss is about 56.7% compared with the reference category 1 UE. Note that the reference category 1 UE is not capable of 64QAM in the uplink.
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Figure 1: The downlink cell spectral efficiency (bit/s/Hz/cell)
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Figure 2: The uplink cell spectral efficiency (bit/s/Hz/cell)
Table 1: Spectral efficiency reduction estimation for restriction of maximum modulation order
	Modulation order
	Spectral efficiency reduction for DL
	Spectral efficiency reduction for UL

	Full MCS
	-
	-

	16QAM and QPSK
	39.5%
	-

	Only QPSK
	68.2%
	56.7%


Based on the comparisons, the following proposals are made.

Proposal 2: Reduction of maximum TBS for DL and UL is recommended for low-cost MTC UEs.
Proposal 3: Both restriction of the number of PRBs and restriction of maximum modulation order are not recommended for low-cost MTC UEs.
In our contribution [4] in RAN1 #68 meeting, we analyzed the necessity of HARQ from cost, delay and cell spectral efficiency perspectives. We have observed that removal of HARQ brings limited cost reduction on top of reduction of HARQ processes and maximum TBS but may lead to the dissatisfaction of delay requirement with the initial BLER unchanged and deteriorates the cell spectral efficiency. So we propose HARQ shall be kept for low-cost MTC LTE UEs.
Proposal 4: HARQ shall be kept for low-cost MTC LTE UEs.
In addition, for low-cost MTC devices, it is not necessary to support the maximum number of HARQ processes due to the expected low data rates and rather infrequent traffic bursts. And the reduction of the number of HARQ processes can bring some additional saving on saving the HARQ memory and processing when the reduction of maximum TBS is adopted but with small impact to the system. Therefore, reducing the maximum number of HARQ processes is recommended for low-cost MTC UEs.
Proposal 5: Reducing the maximum number of HARQ processes is recommended for low-cost MTC UEs.
3. Conclusion

In this contribution, we have analyzed and compared all candidate techniques for reduction of peak rate. Based on the analysis above, the following proposals are made. We propose these recommendations can be adopted and captured in the TR 36.888.
Proposal 1: Reduction of peak rate is recommended for low-cost MTC UEs.
Proposal 2: Reduction of maximum TBS for DL and UL is recommended for low-cost MTC UEs.
Proposal 3: Both restriction of the number of PRBs and restriction of maximum modulation order are not recommended for low-cost MTC UEs.
Proposal 4: HARQ shall be kept for low-cost MTC LTE UEs.
Proposal 5: Reducing the maximum number of HARQ processes is recommended for low-cost MTC UEs.
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