3GPP TSG RAN WG2 #73bis





                 R2-111920
11 – 15 Apr,
Shanghai, China
Agenda Item:
7.7
Source: 
ZTE
Title: 
Impacts of low end LTE MTC devices on RAN level
Document for:
Discussion
1 Introduction 
The trend of wireless communications is to support higher throughput and lower latency for end users. However, there is a large portion of M2M devices that only require a very low data rate. 
Recently, some interest has been shown on optimizations for low end LTE MTC devices. The requirements include low device cost, enhanced coverage of service provision and high spectrum efficiency. The data rates of these low end devices are very low, such as 2kbps to 10kbps [1]. This contribution provides some initial considerations on possible optimization methods.
2 Discussion
The main components of a UE include: baseband chip, memory/cache, power amplifier, printed circuit board, shell, LCD, power, keyboard, etc. Considering that M2M devices only need to implement automatic data transfer or download, they may not need some components such as LCD and keyboard. Although this may cut down the manufacturing cost, this is out of RAN scope. So we only focus on the baseband chip, memory and RF part. These three components also occupy the main portion in the terminal. If the cost of these three components can be reduced, the total manufacturing cost can be greatly decreased.
2.1 RF Requirements
If M2M devices want to access the network, they need to meet the basic RF requirements. For example, M2M devices need to have the capability to measure the reference signals and send precise enough waveforms to the eNB. 
The M2M devices shall meet the output power requirement, so that the eNB can receive their transmitted signals. Considering that the M2M devices may be distributed in the entire network including the cell edges, it doesn’t seem feasible to reduce the output power requirement. 
The transmitted signal quality from M2M devices shall meet the existing requirement; otherwise the eNB cannot demodulate the received signal. For M2M devices, the modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of one time slot (0.5 ms) compared to the carrier frequency received from the eNB. Besides, M2M devices shall meet intermodulation and OOB (out of band) emission requirement. Otherwise, these devices may produce serious interference to other ones and have a bad influence on the system performance.
Observation 1: RF requirements are essential and should not be degraded.

2.2 Baseband and memory Requirement
According to the current protocol, a connected UE needs to monitor the PDCCH persistently and blindly detect all PDCCHs, then the UE can find its own PDCCH signaling based on its RNTI. In order to realize this functionality, the UE needs a high processing capability. For regular UEs this functionality is needed to reach high peak data rates (higher than in the UMTS and GERAN system). But many M2M devices only need very low data rates, so they may not need to persistently monitor the PDCCH, because there is not so much data for them to transfer.
When M2M devices need to receive a signal, they shall store it in memory and start decoding through the baseband part. The occupied memory size is determined by the data rate and by the device category. In the current protocol [2], the minimum downlink processing capability of a UE is 10 kbits/TTI and the minimum uplink processing capability is 5 kbits/TTI according to category 1, which is greatly higher than the actual requirement of 10 kbps for M2M devices. If M2M devices will have the same processing capability as category 1 UEs, this will result in a waste of processing capability and memory. Besides, for these M2M devices, there is not so much data to transfer in a short period, which means that the data can be transferred in one or several TTIs. So these M2M devices may not need the same number of HARQ processes as normal UEs. And a reduction of the HARQ processes number can lower the requirements of processing capability and memory for the baseband part.
The eNB performs UL scheduling based on UE category and available BSR. The minimum amount of resources scheduled by the eNB is one PRB. Considering that the data rate of M2M devices is very low, if the eNB adopts this granularity to schedule M2M devices, this will lead to a waste of radio resources and will result in a low spectrum efficiency. Some applications may need to transfer small amounts of data quite frequently. If the eNB schedules one PRB to carry a small amount of data every time, the total spectrum efficiency will be much lower than expected. So the granularity of resource allocation may have to be optimized, and M2M devices may not need high baseband processing capability and large memory. However, a further optimization of the resource allocation might have a great influence on the physical layer, and it needs to be carefully evaluated with the help of RAN1.
Observation 2: The current baseband processing capability and memory requirements are over-dimensioned for M2M low data rates applications.

In order to achieve high data rates, normal UEs shall support higher order modulations (e.g. 64QAM) and MIMO technologies. These technologies can make the best use of the radio channel and can reach high spectrum efficiency. But these technologies need high baseband processing capability and may cause high cost for M2M devices with low data rates. To reduce costs, M2M devices could then use only low order modulations and no MIMO. However the spectrum efficiency of the system would decrease. So we need to evaluate how to achieve a good balance between these two aspects. 
Observation 3: Reduced device cost and spectrum efficiency need to be balanced.
3 Conclusion 
In this contribution, we have analyzed some possible optimizations for low end LTE MTC devices, with low data rate requirements, and concluded that the current RF requirements should not be degraded because this may have an impact on coverage and signal detection. But the current baseband processing capability and memory requirements, such as persistent PDCCH monitoring and high number of HARQ processes, may be over-dimensioned for M2M devices with low data rates, so that some optimizations can be considered to reduce the device cost. 
Furthermore, optimizing resource allocation can help in terms of both spectrum efficiency and device cost. At the same time, some other optimizations for device cost (like restrictions to low order modulations) may degrade the spectrum efficiency. A careful evaluation is then needed to balance the reduced device cost and the spectrum efficiency.
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5 Annex

5.1 UE category from TS36.306
Table 4.1-1: Downlink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 1
	10296
	10296
	250368
	1

	Category 2
	51024
	51024
	1237248
	2

	Category 3
	102048
	75376
	1237248
	2

	Category 4
	150752
	75376
	1827072
	2

	Category 5
	299552
	149776
	3667200
	4

	Category 6
	301504
	149776 (4 layers)

75376 (2 layers)
	3667200
	2 or 4

	Category 7
	301504
	149776 (4 layers)

75376 (2 layers)
	3667200
	2 or 4

	Category 8
	2998560
	299856
	35982720
	8


Table 4.1-2: Uplink physical layer parameter values set by the field ue-Category
	UE Category
	Maximum number of UL-SCH transport block bits transmitted within a TTI
	Maximum number of bits of an UL-SCH transport block transmitted within a TTI
	Support for 64QAM in UL

	Category 1
	5160
	5160
	No

	Category 2
	25456
	25456
	No

	Category 3
	51024
	51024
	No

	Category 4
	51024
	51024
	No

	Category 5
	75376
	75376
	Yes

	Category 6
	51024
	51024
	No

	Category 7
	102048
	51024
	No

	Category 8
	1497760
	149776
	Yes


[image: image1.jpg]Y


























































1
2

