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Discussion and Decision
1
Introduction
In RAN1#78bis, it was agreed that reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs. In addition, the following working assumptions were made –
· The maximum TBS for unicast transmission for Rel-13 low complexity UE is approximately 1000 bits.

· UE is not required to support simultaneous reception of multiple transmissions for unicast and broadcast transmissions at least for Rel-13 low complexity UE.
· The maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits.
In this contribution, we consider additional complexity reduction techniques that may be beneficial for LC-MTC UE.
2
UE Complexity Reduction Techniques
In [1], a new WI on further LTE physical layer enhancements for MTC has been approved. A key objective is to further reduce the complexity and cost of MTC devices. The following capabilities are being considered –

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink. The UE needs to support 1.4 MHz RF bandwidth in downlink and uplink. However, the UE should be able to operate within any system bandwidth of a wideband system and can retune from one frequency allocation to another subject to certain constraints. Furthermore, multiplexing of MTC and non-MTC UEs are supported. 
· Reduced maximum transmit power. The maximum transmit power of the new UE power class should be determined by RAN4 and should support an integrated PA implementation. An example of the maximum transmission power is 20 dBm.
· Reduced support for downlink transmission modes. 
· Other UE processing relaxations can also be considered – e.g. reduced maximum TBS, reduced support for simultaneous reception, relaxed EVM requirement, reduced physical data channel processing, and reduced support for feedback modes.
In RAN1#78bis, it was agreed that reduced UE bandwidth of 1.4 MHz in downlink and uplink is prioritized as the most important complexity reduction technique for Rel-13 MTC UEs. With respect to cost saving, the combination of UE RF Bandwidth of 1.4MHz in UL/DL + peak rate reduction + single receive RF can achieve approximately 59% reduction as per the analysis done in [3].
Reduced Maximum Transmit Power
To substantially reduce cost, the power amplifier (PA) can be removed. It is estimated that cost saving of approximately 10%-12% compared to Cat-1 UE can be achieved. However, the maximum output power is only in the range of 0-5 dBm, which will reduce uplink coverage severely. Alternately, an integrate PA architecture (i.e. single chip implementation) can be consider. This allows for a maximum power output in the range of 17-20 dBm while providing 2%-7% cost reduction [3].
There are, however, significant impacts to both coverage and capacity from this new power class. From a coverage point of view, there would be a cell coverage loss in proportion to the power reduction amount. Thus, coverage holes may be introduced in networks that are already rolled-out. This means that both the UE and the network would have to support coverage enhancement feature for the new power class. From a capacity point of view, the capacity reduction would depend on the fraction of low-power UEs as well as system scenarios. In interference-limited scenario, capacity reduction would be small. However, there could be significant capacity reduction in noise-limited scenario.
Table 1. Normalized system-level capacity – 1000 bits/5 mins.
	Maximum UE Tx Pwr (dBm)
	3GPP Case 1
	3GPP Case 3

	23
	1.00
	1.00

	20
	0.99
	0.55

	17
	0.96
	0.26

	14
	0.87
	0.12


One coverage enhancement feature to compensate for the loss due to power reduction is repeated transmissions. That is, to support a particular coverage enhancement level, a bigger bundling size will be required at the reduced transmit power level than at the reference level. For example, for every 3 dB reduction in transmit power, for cell-edge UE in normal coverage the bundling size is roughly doubled whereas for UEs requiring 15 dB coverage enhancement the bundling size is more than doubled [4]. The increased bundling size implies a correspondingly larger transmission time, which translates into more power consumption. Furthermore, the extent of actual reduction in cost from transmit power reduction needs to be evaluated. Therefore, the cost savings from reduction of transmit power must be weighed against the increase in power consumption and reduction in capacity to evaluate the overall benefit.
Reduced Support for Transmission Modes
It should be noted that only single-layer transmission is supported for MTC UEs on both downlink and uplink. According to [3], reduction in the supported transmissions modes can provide cost savings of approximately 2-10% compared to Cat-1 UE. The higher end of this range can be achieved by limiting the supported modes to TM1/TM2. While eliminating DMRS-based transmission modes and supporting only CRS-based transmission modes would reduce complexity, if the downlink control channel is based on EPDCCH [5], this will not be possible. The EPDCCH uses DMRS, so support for DMRS transmission mode would be required. The additional receiver complexity due to having to support DMRS-based transmission may be worth tolerating due to the advantages offered by EPDCCH. Furthermore, the potentially substantial precoding gain that can be derived from DMRS-based transmission is also worth considering. Therefore, support for TM9 should be considered. On the other hand, transmission modes based on CRS cannot be eliminated if the legacy, PBCH, with CRS-based transmission, will continue to be used for Rel-13 MTC UEs as well. RRM measurements are also based on CRS. Therefore, it would not be possible to support only DMRS-based transmission modes either. CRS-based transmission may also be desirable when the overhead due to DMRS is high. Only TM4 needs to be considered since TM5 and TM6 are redundant for single-layer transmission. To reduce the complexity of Rel-13 MTC UEs, support can be limited to TM1, TM2, TM4, and TM9.
Reducing Number of HARQ processes
Reducing the number of HARQ processes can lead to a reduction in complexity plus some additional benefits such as lower power consumption and relaxed processing requirements. From a complexity reduction perspective, it is expected that the saving from having only 1 HARQ process will be approximately 1%. This comes from saving in the HARQ buffer and possibly the Turbo decoding (e.g. by not having to perform parallel decoding). The HARQ buffer makes up 10-15% of the baseband cost, while the Turbo decoding makes up 5-15% of the baseband cost. The two functional blocks together make up 9-18% of the cost of the modem. With maximum TBS of 1000 bits, 90% cost reduction on these functions has already been obtained. If the number of HARQ processes is further reduced to 1 from 8, the expected saving in the modem from HARQ buffer is at most 1%.  Therefore, reducing the number of HARQ processes will not result in a meaningful reduction in complexity.
It has been recognized that the combination of UE RF Bandwidth of 1.4MHz in UL/DL + peak rate reduction + single receive RF provides the biggest reduction in cost and should be prioritized for Rel-13 MTC UEs. Several other techniques for UE complexity reduction have been listed for consideration in the WID, but only a sub-set of these techniques yield significant cost savings and are worth considering. Substantial cost savings can be realized through removing the PA for which the UE transmit power should be reduced. Although the cost reduction can potentially be 2-7%, the reduced transmit power also reduces system capacity and increases power consumption. Further study is needed to evaluate this trade-off. Another important technique is the reduction in supported transmission modes, which can yield cost savings of 2-10%. Both CRS and DMRS-based modes should be supported, but support can be limited to TM1, TM2, TM4, and TM9. Reducing the number of HARQ processes is not expected to significantly reduce the complexity because restriction of TBS to a maximum of 1000 bits has already yielded most of the savings possible from the same sources and hence this technique need not be considered.
3
Conclusion
In this contribution, we consider additional complexity reduction techniques that may be beneficial for LC-MTC UE. Our analysis shows that reducing the maximum UE power provides the most complexity reduction. Other techniques such as TM reduction and reducing number HARQ processes provide only small complexity reduction in practice. Therefore, it is proposed to prioritize UE power reduction in addition to UE RF bandwidth reduction.
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