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1. Introduction
RAN#53 initiated a study item on “Provision of Low-Cost MTC UEs based on LTE” [1]. A draft technical report has been agreed in [2]. We have provided input in [3] ~ [9]. In this contribution we provide further input on one of the proposed cost reduction techniques.
2. Discussion
Analysis/evaluation of cost reduction

Table 1 presents our estimates of the relative LTE modem cost. These estimates may of course vary depending on e.g. implementation architecture, algorithm details and what exactly is included in the different blocks. The numbers should merely be seen as a guideline and input for the discussion on potential savings. Even the partitioning between RF and baseband costs may shift depending e.g. on how much of the required external memory is included in the cost. This memory requirement for an MTC device may also vary substantially depending on the application. Only memory associated with the actual modem operation is included. If several cost reduction techniques are combined, it may be possible to decrease the cost even further.
Table 1: LTE modem cost estimates relative to the LTE reference modem, single band case
	
	RF
	Processing
	Total

	LTE reference modem
	40%
	60%
	100%

	Half duplex FDD
	34%
	60%
	94%


As can be seen, half duplex FDD operation is estimated to reduce the cost (compared to full duplex) with 100% - 94% = 6%. Estimates made by other sources [10] ~ [13] are in the same ballpark.
The agreed LTE reference modem is a single-band device, but since half-duplex operation allows for particularly cost efficient implementations of multi-band devices, it may be interesting to see cost estimates also for multi-band operation. Table 2 shows cost estimates for dual-band devices with full and half duplex operation.

Table 2: LTE modem cost estimates relative to the LTE reference modem, dual band case
	
	RF
	Processing
	Total

	LTE reference modem (dual band)
	50%
	60%
	110%

	Half duplex FDD (dual band)
	38%
	60%
	98%


For a dual-band device, estimated cost reduction for half duplex compared to full duplex is (110 - 98) / 110 = 11%.
As can be seen, a half-duplex dual-band device may have a similar or even lower cost (98%) than a full-duplex single-band device (100%).

Analysis/evaluation of performance
Coverage analysis

Downlink coverage may be improved in noise limited scenarios thanks to improved sensitivity due to the ~2 dB reduced insertion loss when duplex filter(s) are replaced with simple Tx/Rx filters. The downlink coverage in interference limited scenarios is not affected.

Uplink coverage may also be improved due to the ~2 dB reduced insertion loss if this means that the UE is able to operate closer to its nominal maximum transmit power (e.g. with a smaller power back-off during 16QAM transmissions).
Minimum data rate

The peak rate is limited according to the DL/UL time division. Half duplex operation alone will not cause any problem to match the peak rate requirements stated in the SID [1], i.e. 118.4 kbps in DL and 59.2 kbps in UL.
Power consumption

The UE power consumption may be reduced thanks to a lower required PA output power (resulting in a lower PA power consumption) due to the ~2 dB reduced insertion loss when duplex filter(s) are replaced.

Impact on non-MTC UEs

No impact on non-MTC UEs is foreseen. The network can still operate in full duplex in the presence of half duplex UEs.
eNB hardware impact

The eNB scheduler needs to ensure non-simultaneous DL and UL activity for half duplex UEs, which probably means some extra complexity in the eNB scheduler. Whether this requires eNB hardware changes or not is implementation dependent.
Impact on specifications

We have so far not identified any significant L1/L2 protocol changes. The half-duplex FDD UE monitors the downlink in all subframes (following any configured DRX cycle) except when explicitly instructed to transmit (data or ACK/NACK) in the uplink. It should be analysed further whether there is a need to specify guard periods at the downlink-to-uplink and uplink-to-downlink switching points in the UE. Furthermore, performance requirements for half-duplex FDD operation may need to be defined in RAN4 as well as core requirements reflecting the changes to the front-end architecture and the fact that transmission and reception do not occur simultaneously.
Cell spectral efficiency

No significant impact on cell spectral efficiency is foreseen. The network can still operate in full duplex in the presence of half duplex UEs.
3. Conclusion
It is estimated that half duplex FDD operation can decrease the cost compared to full duplex operation with 6% for a single band device and with 11% for a dual band device. This means that a half-duplex dual-band device may have a similar or even lower cost than a full-duplex single-band device. The ~2 dB reduced insertion loss may have positive impacts on performance and power consumption. No significant drawbacks have been identified.
It is proposed to capture the above in the TR.
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