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Discussion and Decision
1
Introduction
A WI on further LTE physical layer enhancements for MTC has been approved in Rel-13 [1]. In Rel-12, Cat-0 UE was introduced where the reduction in the bill of material cost was expected to be around 50% of Cat-1 UE. Further reduction in UE complexity is specified as a key objective for Rel-13. In this contribution, we consider various techniques for UE complexity reduction. 
2
UE Complexity Reduction in Rel-13
Based on the WI, the following complexity reduction techniques will be specified for Rel-13 MTC UE based on Rel-12 Cat-0 UE –

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.
· Reduced maximum transmit power.
· Reduced support for downlink transmission modes. 
Further processing relaxations can also be considered including reduced maximum TBS, reduced support for simultaneous reception, relaxed EVM requirement, reduced physical data channel processing, and reduced support for feedback modes.
Based on our analysis, the following additional complexity reduction techniques should be introduced for Rel-13 MTC UE –
· Reduced support for physical channels – no PDCCH/PHICH/PCFICH.
· Further peak data rate reduction to ~200 kbps in downlink and uplink.

Justifications for the additional complexity reduction techniques are provided in this section.
Reduced Support for Physical Channels

EPDCCH

Since the bandwidth of the MTC UE is reduced to 1.4 MHz and the MTC UE should be able to operate in any system bandwidth. This means that the physical control channel for MTC must be restricted to 1.4 MHz regardless of the system bandwidth. While there is no issue when the system bandwidth is also 1.4 MHz, to enable operation in wider system bandwidths, frequency multiplexing of MTC UEs must be supported. The EPDCCH, being a bandwidth-reduced control channel, is suitable for this case as well as for the standalone, non-multiplexed case, providing a harmonized design for both types of deployment. Furthermore, one of the benefits of EPDCCH for MTC is that power spectral density (PSD) boosting is achieved, as illustrated in Figure 1. Therefore, for a UE in coverage enhancement mode, fewer repetitions are needed than if the power is spread over the entire channel bandwidth. The EPDCCH is also less likely to be a bottleneck than the PDCCH. It additionally affords the flexibility of allowing data transmission on the PDSCH to be scheduled sequentially for coverage-enhanced UEs, providing a further benefit. As illustrated in the figure, the PDSCH can be transmitted after transmission of all the EPDCCH subframes. Elimination of the PDCCH, and the support of only EPDCCH, reduces UE complexity. It is possible to further reduce the UE complexity with respect to the number of EPDCCH blind decoding attempts and aggregation levels.
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Figure 1. EPDCCH + PDSCH channels in coverage enhancement.

PCFICH

As there is no PDCCH, the PCFICH is not required and can be eliminated.

PHICH

Acknowledgements for uplink transmissions can be achieved implicitly: a grant on the EPDCCH would indicate a NACK. Thus the PHICH can be eliminated to reduce UE complexity.
Further peak rate reduction
Peak rate reduction to 1Mbps for both UL and DL was specified for Cat-0 UE due to its cost saving potential and small impact. For Rel-13, further peak rate reduction to approximately 200 kbps should be considered. Based on the cost saving analysis in [2], reducing the maximum transport block sizes for DL and UL to 1000 bits provides about 10.5%-21% cost saving compared to Cat-1 UE. Using the same evaluation methodology, reducing the maximum transport block sizes for DL and UL to 200 bits will provide up to 19% cost saving compared to Cat-0 UE. In addition to the cost saving, lower peak rate also reduces data channel processing. 

One disadvange with lower peak rate is the increase in power consumption for UEs that can support higher peak rates. For instance, when compared to Cat-0 UE with good SINR, Rel-13 UE with lower peak rate will require substantially longer time to transmit its data. However, based on power consumption analysis in [5], battery life is limited by the paging cycle for UE with infrequent data transmission. For UE with frequent data transmission battery life is limited by data transmission. But in this case, it is UEs that are in poor coverage (i.e. able to support data rate of a few kbps) that is the most impact from high power consumption.
Complexity reduction analysis
Table 1 illustrates possible cost/complexity reduction for Rel-13 MTC UE, using similar analysis as in [3]. From the table, it can be seen that a further 50% reduction in complexity compared to Cat-0 UE is achievable. This will further reduce the cost of the MTC modem.

Table 1. Complexity reduction for Rel-13 MTC UE (FDD).
	Feature 
	Cat-1 
	Cat-0 
	Rel-13 

	UE RF Bandwidth 
	20 MHz
	20 MHz
	1.4 MHz 

	DL Peak Rate 
	10 Mbps 
	1 Mbps 
	~200 kbps 

	UL Peak Rate 
	5 Mbps 
	1 Mbps 
	~200 kbps 

	No of RF Receiver Chains 
	2 
	1 
	1 

	Maximum Tx power
	23
	23
	[20]

	Duplex Mode 
	Full 
	Optional Half-Duplex 
	Optional Half-Duplex 

	Relative Complexity 
	100% 
	~50% 
	~25% 


The main cost saving feature is reduced UE bandwidth of 1.4 MHz in downlink and uplink. Based on the analysis done in [3], this provides an approximately cost reduction of 39%. Together with peak rate reduction to ~200kbps and single RF antenna, the cost saving is approximately 61%. Half-duplex operations provides another 7%-10% cost reduction, while maximum power reduction will provide 2%-7% cost reduction (assuming integrated PA). Transmission mode reduction can provide between 2%-10% reduction. All together, the techniques can provide 72%-88% reduction in BoM cost of the modem compared to Cat-1 FDD UE.
3
Operation in Wideband System
As part of the WI objective for introducing a new UE category with reduced RF bandwidth of 1.4 MHz in downlink and uplink, the UE should be able to operate within any system bandwidth. Furthermore, frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. In the uplink, narrowband MTC UE can be easily accommodated since the uplink channels are multiplexed only in frequency and a half-carrier shift is used instead of DC. Furthermore, the uplink channels are already multiplexed in frequency and DC subcarrier is not used. However, the channel raster may still need to be considered.
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Figure 2. Narrowband Rel-13 UE in wider system bandwidth (downlink).
For the downlink, an example of supporting narrowband MTC UE in wideband LTE system is shown in Figure 2.  Several issues must be considered, including –
· DC subcarrier – In LTE, the DC subcarrier in the downlink is not used to avoid leakage from the local oscillator. For narrowband UE in wideband system, a DC subcarrier will also be needed. It is possible to use the center 6 PRBs for LTE-M region. However, only one LTE-M region can be used within a wideband system. Multiple LTE-M regions should be allowed to be deployed as needed within the wideband system. This means, though, that the the DC subcarrier will need to be handled appropriately.
· Channel raster – Due to LTE channel raster definition, a carrier may only be deployed in 100 kHz channel raster. Depending on which the narrowband MTC UE is supported in wideband system, this restriction may need to also be taken into account.
· Downlink subframe structure – Due to the legacy PDCCH, LTE-M must use a shortened subframe structure. This will require some changes to the EPDCCH and PDSCH in multiplexed mode. In addition, an indication of the subframe type will also be required.
· Legacy CRS – The legacy CRS spans the entire wideband system bandwidth and therefore the narrowband MTC UE will need some information about the wideband system to be able to reuse legacy CRS.
4
Conclusion
In this contribution, techniques for MTC UE complexity reduction have been considered. It is noteworthy that the MTC UE will support only a single bandwidth, 1.4 MHz, power maximum transmit power, and will have a single receive RF chain. The first technique is to reduce the number of physical channels supported. It is proposed that only EPDCCH should be supported and PDCCH should be removed for MTC. The PCFICH and the PHICH can also be eliminated. Next, the number of downlink transmission modes supported can also be reduced. Allowing UE processing relaxations further provides a number of approaches for reducing UE complexity. In addition, issues related to supporting narrowband UE within wideband LTE system have also been presented.
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