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Discussion and decision
1 Introduction
In this contribution, we provide UE complexity reduction considerations for MTC UE based on the approved WID [1]:
· Reduced UE bandwidth of 1.4 MHz in downlink and uplink
· Reduced maximum transmit power
· Reduced support for downlink transmission modes
· Further UE processing relaxations
2 Reduced UE bandwidth of 1.4 MHz in downlink and uplink

The detailed objectives for the reduced UE bandwidth identified in the WID [1] are as below:
	· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 

· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.

· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.


· In general, the bandwidth reduced UEs (1.4MHz) should be able to operate within any system bandwidth of 1.4/3/5/10/15/20 MHz.
· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs can be realized by scheduling bandwidth reduced MTC UEs within the allocated 1.4MHz frequency location for MTC UEs and scheduling non-MTC UE within the frequency location not overlapping the 1.4MHz. Obviously, if the eNB scheduler does not configure DL or UL transmissions for MTC UEs in a subframe over all of the 1.4 MHz or DL or UL bandwidth, the scheduler can use any available part of the 1.4 MHz to schedule DL or UL transmissions for non-MTC UEs (subject to limitations in the resource assignment granularity). Fine granularity of frequency multiplexing would be needed and it may not always be possible for example, due to bandwidth fragmentation in the UL or due to using RBG based allocations in the DL.
Random access preamble occupies a bandwidth corresponding to 6 consecutive resource blocks. Therefore, for 1.4MHz system bandwidth, frequency multiplexing of random access preamble between bandwidth reduced UEs and non-MTC UEs is not possible with current random access preamble structure.  
· 1.4MHz RF bandwidth implies contiguous frequency resource. In Rel-12, both contiguous and non-contiguous resource allocation for unicast are supported. Non-contiguous resource allocation was motivated by the benefits of frequency diversity that are not expected to exist within 1.4 MHz. However, the Rel-12 agreement can be kept for Rel-13 within the reduced UE bandwidth of 1.4MHz unless it is beneficial to do otherwise.
· The 1.4MHz frequency location can be configured for each UE to allow more MTC UEs to be supported in the system. This would trade-off the performance of non-MTC UE due to the resource fragmentation.
· Reduced UE bandwidth of 1.4 MHz impacts on downlink control channels (PCFICH/PHICH/PDCCH), which need to be sent within the bandwidth supported by the MTC UEs. Elimination of use of the control channels are considered in the context of coverage improvement. In our view, at least PCFICH can be eliminated while further discussion is needed for other control channels on whether to eliminate them or how to design/replace them [3].
For PUCCH, the spec change in terms of reduced bandwidth may not be needed as the eNB could configure PUCCH to be located within the reduced bandwidth. However, elimination of PUCCH can be considered for UEs operating in an enhanced coverage mode. 
In general, although it is preferable to maximize design commonality for bandwidth reduction as well as coverage improvement, this may not always result to optimal results in terms of power consumption or spectral efficiency for the overall system operation.
3 Reduced maximum transmit power

The detailed objective for the reduced maximum transmit power identified in the WID [1] is as below:
	· 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.


· Reduction of transmit power was also studied during the study item and the analysis was captured in TR36.888 [2]:
Removal of the power amplifier will result in a 10-12% overall relative cost saving and an output power in the order of 0dBm. A lower saving is seen when the power amplifier is retained but there is a reduction in output power and relaxation in linearity: in this case the saving amounts to 2-7%.

· The main concern of transmit power reduction is that it impacts uplink coverage and spectral efficiency so that additional efforts to restore the performance would be required. Furthermore, a reduced transmit power may limit the transmission of UCI thus affecting the downlink cell spectral efficiency. 
· In these regards, reduction of transmit power was not recommended as a cost saving technique for a low-cost MTC device in Rel-12. For Rel-13 enhanced MTC standardization, previous Rel-12 analysis should be taken into account especially when developing coverage improvement techniques. 
4 Reduced support for downlink transmission modes

· According to TR36.888 [2], the estimated relative total cost saving with reduction of supported downlink transmission modes is about 2-10%. Taking into account other cost reduction factors, as well as the reduced bandwidth operation in Rel-13, the total cost savings are expected to be in the order of 5% relative to a Rel-12 MTC UE. The cost saving may come from removing DMRS based channel estimation, no PMI computation and simplified MIMO detection/equalization algorithm. Therefore, the support of DMRS based transmission, e.g., for EPDCCH may negate most of the cost saving. Nevertheless, DL transmission mode reductions should be pursued to avoid unnecessary implementations and testing that, depending on the specific design of Rel-13 MTC UEs, are unlikely to directly derive from respective implementations for Rel-12 UEs. Moreover, as MTC traffic is expected to be UL dominant, minimal/no impact on DL spectral efficiency is expected; on the contrary, there may be some small gain as unnecessarily large DCI formats will not need to be supported.
· It is also identified that the downlink coverage for MTC UEs would not be impacted by the reduction of supported downlink transmission modes as the bottleneck of coverage in downlink is the control channel rather than the data channel.
· Note that Rel-12 Cat.0 UEs support the same transmission modes as Cat.1 UEs and support maximum one-layer transmission for downlink and uplink.
5 Further UE processing relaxations

The detailed objectives for the further UE processing relaxations identified in the WID [1] are as below:
	· The following further UE processing relaxations can also be considered within this work item:

· Reduced maximum transport block size for unicast and/or broadcast signalling.

· Reduced support for simultaneous reception of multiple transmissions.

· Relaxed transmit and/or receive EVM requirement including restricted modulation scheme. Reduced physical control channel processing (e.g. reduced number of blind decoding attempts).

· Reduced physical data channel processing (e.g. relaxed downlink HARQ time line or reduced number of HARQ processes).

· Reduced support for CQI/CSI reporting modes.


· For Rel-12 MTC UEs, the limit of 2216 bits for the BCCH TBS was retained to support current IDLE mode mobility based on RAN2 input while the maximum TBS was reduced to 1000 bits for unicast transmission. For Rel-13 enhanced MTC, if a new SIB is introduced such that addresses mobility aspects raised in Rel-12, 2216-bit limitation for broadcast could be further reduced. 
Further maximum TBS reduction below 1000 bits may not be needed taking into account the characteristics of MTC traffic in [2]. If the modulation order is limited to QPSK, a maximum TBS of 936 bits is also adequate.
· The Rel-12 minimum reception capability of MTC UE is a TB of no more than 1000 bits in one transmission and another TB of no more than 2216 bits in another transmission within one subframe. Reduced support of simultaneous reception would bring additional UE processing relaxation, e.g. for the decoding process. 
· The relative cost savings with restricting the maximum modulation to QPSK for downlink/uplink from the reference Cat.1 UE is 3 – 10 % [2]. The cost savings are due to less restrictive power amplifier EVM requirements, local oscillator of RF transceiver, less precision/power needed for the ADC, simplification of the UL processing block, turbo decoding, post-FFT data buffering, and HARQ buffering.
· In Rel-12, the scheduling and HARQ timing and the maximum number of HARQ processes are kept unchanged for Cat.0 MTC UE. In Rel-13, the adjustments of HARQ timeline and the number of HARQ processes could be reconsidered, for example in conjunction with coverage improvements.
· Reduced CQI/CSI reporting modes and reduced support of transmission mode are related with each other. 
· Generally speaking, the total of the cost reduction gain from multiple sources cannot be their linear sum due to existence of UE processing sharing. Nevertheless, Rel-13 MTC UEs (as well as any UEs) should not support unnecessary or marginal functionalities as it is not possible to predict their combined cost, power consumption, or implementation complexity especially considering unknown variables for state-of-the-art technologies in the future.
6 Conclusion

This contribution discussed UE complexity reduction for MTC UE based on the WID [1] compared to the study [2] and agreements in Rel-12. 
In summary, the objectives for operation with reduced UE bandwidth and reduced UE maximum transmission power have a direct impact on coverage (e.g. reduced UE bandwidth impact coverage of (E)PDCCH/PDSCH while reduced UE maximum transmission power obviously reduces uplink coverage. Therefore, additional efforts to provide coverage would be required, including to UEs that would not be coverage limited under Rel-12 deployment conditions. Various solutions for UE processing relaxation would bring some cost reduction gain. 
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