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1. Introduction

In RAN1#68, several peak rate reduction methods were considered.  They include restricting the maximum number of resource blocks, restricting the maximum transport block size, QPSK-only modulation, reducing the maximum number of HARQ processes, code block restriction, etc. This contribution analyzes cost reduction and performance benefits of the various options.  
2. Performance Analysis
3GPP simulation scenarios Case-1 and Case-3 are considered here.  The reference baseline assumes UE Category 1 which is capable of QPSK and 16-QAM modulations.  The traffic model is regular reporting [2] with reporting interval of 5 minutes and packet size of 1000 bits.  The system bandwidth is 5 MHz and two receive antennas at the eNB are assumed.
Maximum RB restriction -

One approach to peak rate reduction is to restrict the maximum number of resource blocks than can be assigned to an UE.  The resource blocks may be contiguous or distributed depending on the final decision on UE capabilities (e.g. due to RF tuning delay).  In here we assume (at least semi-statically configured) restriction to contiguous PRBs at a certain location within the wideband carrier. For low-cost MTC, the maximum number of RBs is typically selected to be 6 RBs, corresponding to 1.4 MHz system bandwidth.  
From a cost perspective, the saving in this approach is from memory and reduced processing requirements in the baseband unit.  There is no saving from the RF components.

There are several disadvantages with this approach, namely –

1. Frequency diversity – If UE can only support contiguous fixed frequency location within the wideband carrier transmission or reception within the subframe, this can lead to a loss in frequency diversity.  This performance loss is illustrated in Table 1.  For the uplink, system-level capacity loss due to this effect is 6.2% for Case-1 and 7.0% for Case-3.  In the downlink, capacity loss is 8.5% for Case-1and 9.2% for Case-3.  Additional analysis on frequency diversity loss can also be found in [4].
2. PDU segmentation - For a given MCS, even if the eNB or UE can transmit using large TB size, it is not allowed to due to resource block restriction..  This can lead to packet segmentation which will introduce additional MAC+CRC overhead and inefficiencies into the system.  This segmentation overhead is especially high for small packet sizes, which is generally the case for machine-type communications.  In addition to the MAC+CRC overhead, TBS quantization also introduces some padding which can lead to higher RB utilization.  This performance loss is illustrated in Table 1.  For the uplink, system-level capacity loss from RB restriction (6 RBs) is 2.4% for Case-1 and 4.8% for Case-3.  In the downlink, capacity loss from RB restriction (6 RBs) is 0.1% for Case-1 and 1.2% for Case-3.  Note that PDU segmentation is worse for cell-edge MTC UEs with low SINR since more segments will be required.  
3. Scheduling restriction - Resource block restriction can also lead to a large number of users needing to be scheduled in the same region if users are restricted to contiguous PRBs at a certain location within the wideband carrier.  This can result in users being blocked from getting scheduled.  It can also potentially create resource fragmentation and makes it harder to utilize feature such as frequency-selective scheduling and eICIC.
Table 1.  Capacity loss from RB restriction (6 RBs).
	Simulation Scenario
	Uplink Capacity Loss
	Downlink Capacity Loss

	
	Frequency 

Diversity
	PDU

Segmentation
	Frequency 

Diversity
	PDU

Segmentation

	Case-1
	-6.2%
	-2.4%
	-8.5%
	-0.1%

	Case-3
	-7.0%
	-4.8%
	-9.2%
	-1.2%


In term for system throughput, RB restriction can also have a negative impact as good users are limited by the number of resource blocks that can be assigned.  This can be important for machine-type services with large amount of data to transmit.  Using the reference LTE simulation assumptions (i.e. full buffer traffic model), the spectral efficiency loss from restricting the maximum number of resource blocks to 6 RBs is around 7-8%. 
Maximum TBS restriction -

Another approach to maximum peak rate reduction is to restrict the maximum transport block size than can be assigned to an UE.  For instance, the maximum uplink TBS may be restricted to 2600 bits, with corresponds to the maximum TBS using 6 RBs and 16-QAM.  In this case, however, the UE is not restricted to 6 RBs and can instead use as many RBs as deemed appropriate by the networks.  This is illustrated in Figure 1 where it is shown that TBS restriction allows maximum flexibility.
From a cost perspective, the saving in this approach is from memory and reduced processing requirements in the baseband unit.  This method can achieve similar saving as RB restriction.
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Figure 1.  Possible TBS selection – TBS vs RB restriction.
From a performance perspective, there is no performance impact when the maximum TBS is larger than the MTC packet size.  

For both TBS and RB reduction, if the MTC packet size is larger than can be supported, there is a small performance loss.  However, this loss is smaller for TBS restriction than RB restriction due to the reasons discussed above.  
QPSK-only modulation -

Table 2 illustrates system-level capacity loss from supporting only QPSK in the uplink, with all QPSK TBS available for use (from [1]). From Table 2, it can be seen that the uplink capacity loss is 24% for Case-1 and 19% for Case-3.  In this analysis, PDCCH capacity was not considered.  Since it is possible that MTC capacity will be limited by the control channel, the actual capacity loss may be somewhat less than shown in Table 2.  Nonetheless, it is reasonable to expect a loss of between 10-20% in the capacity for the MTC traffic when only QPSK is used in the uplink.  Downlink capacity loss is 47% for Case-1 and 42% for Case-3.
Table 2.  Capacity loss from QPSK-only modulation.

	Simulation Scenario
	Uplink Capacity Loss
	Downlink Capacity Loss

	Case-1
	-24%
	-47%

	Case-3
	-19%
	-42%


From a cost perspective, the saving in this approach is from potential reduction in power amplifier and EVM requirements.  This saving, however, is expected to be minimal. 
Reduced HARQ processes -

As discussed in [3], HARQ is an integral part of LTE performance both from a spectral efficiency and latency perspectives.  However, 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.  As a result, reduced number of HARQ processes can be supported for low-cost MTC devices.  This can save on the HARQ memory and processing.  Reducing the number of HARQ process is not expected to affect neither on MTC-specific capacity nor on the system capacity for a mixed low-cost MTC & normal UE system.
From a cost perspective, the saving in this approach is from HARQ memory and reduced HARQ processing requirements in the baseband unit.   The expected saving is small, but can be achieved with minimal impact to implementation.
3. Conclusion
Based on our analysis, the following proposals are made –
Proposal 1: QPSK-only modulation is not supported due to large performance loss and minimal cost saving.
Proposal 2: RB restriction is not supported due to performance loss.  Similar cost saving can be achieved using TBS restriction

Proposal 3: TBS restriction and reduced number of HARQ processes are supported due to minimal impact to the system.
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