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1 Introduction

During RAN #65 meeting, “New WI proposal: Further LTE Physical Layer Enhancements for MTC” ([2]) was approved.   One objective of this work item is to specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the following additional capabilities:
· 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.

· 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.

· Reduced support for downlink transmission modes.

· 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.

In this contribution, general considerations on UE complexity reduction for LTE are discussed.
2 General considerations on complexity reduction solutions

2.1 Reduced UE bandwidth of 1.4 MHz in downlink and uplink
· Cost reduction analysis
As agreed in [2], the UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink. From Table 7.1 in [1], reduced UE RF bandwidth of 1.4MHz in downlink and uplink will bring about 39% cost reduction gain compared to Cat .1 UEs.
· Specification impact

Reduced UE bandwidth of 1.4 MHz in downlink has no impact on UE specific data. It only has impact on system information transmission. Downlink control channels are needed to be sent within the reduced bandwidth supported by the bandwidth reduced UEs. New designs for PCFICH/PHICH are needed and a common search space would also need to be defined.
PUCCH resource and SRS transmission for bandwidth reduced UEs are needed to be further considered. Different specification impacts may be expected depending on how to determine the frequency location in the whole uplink system bandwidth (pre-defined, semi-static or dynamic).

Since bandwidth reduced UE can’t be scheduled by legacy PDCCH, in order to avoid the blindly detection complexity, it is required to identify the reduced bandwidth UEs on reception of PRACH preamble. Furthermore, identifying the Rel-13 low complexity UE type on reception of PRACH preamble is essential for compensating the RAR/paging coverage loss for the MTC UEs with reduced bandwidth of 1.4MHz.  
·  Performance impact
Reduced UE bandwidth of 1.4 MHz in downlink and uplink results in 1~3dB degradation in the coverage for the MTC UEs compared to normal LTE UEs. RAR/paging coverage loss should be compensated for UEs with reduced bandwidth. There may be some degradation in the DL cell spectral efficiency due to the loss in frequency selective scheduling gain and some degradation in the UL cell spectral efficiency due to the loss in frequency selective scheduling gain or PUSCH frequency hopping gain. 
Reduced UE bandwidth of 1.4 MHz in downlink and uplink is the most important cost reduction techniques forRel-13 MTC UEs. The cost saving gain, specification impact and performance impact caused by RF bandwidth reduction to 1.4 MHz should be fully evaluated.
2.2 Reduced maximum transmit power
· Cost reduction analysis
The power amplifier accounts for 25-30% of the cost of the RF module of the reference LTE modem with the RF functional block accounting for 40% of the total cost of the modem. Integrated PA allows significant cost saving due to single packaging.  
· Specification impact

The reduction of UE transmit power would require the creation of a single or multiple new UE power class(es). This would have impacts on RAN4 specifications.
· Performance impact

There would be 3-5dB Tx power gap if on-chip PA is applied. Compared to normal LTE UEs, 3~5dB degradation in uplink coverage would be expected.
2.3 Reduced support for downlink transmission modes
The low complexity MTC UEs can’t support MIMO features if capability of single receive RF chain is applied. 
· Cost reduction analysis
Potential cost reduction with reduced transmission modes may come from removing DMRS based channel estimation if DMRS based precoding is not supported (or from removing CRS based channel estimation), no PMI computation if PMI feedback is not supported (either CRS or CSI-RS based PMI) and simplified MIMO detection/equalization algorithm. Reduced support for downlink transmission modes can be determined by the transmission modes for the common messages. From cost saving point of view, common messages and data should have the same transmission mode. The range of relative total cost saving with the technique of reduction of supported downlink transmission modes is about 2-10%.
· Specification impact

To support MTC UEs with the reduction of supported downlink transmission modes, if common messages and data have the same transmission mode and CRS based transmission modes (TM1 and TM2) are supported, CRS based control channel design within the reduced bandwidth may be considered. 

· Performance impact

There may be some downlink performance degradation due to the lack of precoding gain.
2.4 Discussion on further UE processing relaxations
2.4.1 Reduced maximum transport block size
Reduced maximum transport block size for unicast service is determined by the peak data rate requirement of the Rel-13 low complexity MTC UEs. If Rel-13 low complexity MTC UEs would share the broadcast traffic with legacy UEs, the maximum transport block size for broadcast singling can’t be reduced.
· Cost reduction analysis
The reduced maximum transport block size would have impact on the cost of soft buffer. For unicast service, the cost saving gain is related to the reduced maximum transport block size.
· Specification impact

TBS tables in TS 36.213 may have entries that Rel-13 low complexity MTC UEs will not use, and some DCI messages may have parameters values that will not be assigned.  

· Performance impact

There may be some degradation in the cell spectral efficiency if the maximum transport block size is reduced to very small value.
2.4.2 Reduced support for simultaneous reception of multiple transmissions
· Cost reduction analysis
Reduced support for simultaneous reception of multiple transmissions can’t bring significant cost saving.
· Specification impact

Reducing DL bandwidth to 1.4MHz may result in some restriction on simultaneous reception of common messages and unicast data.  It is up to UE’s implementation to decode common messages or unicast data.
· Performance impact

The UE’s reception time may be prolonged thus increasing the UE’s power consumption.
2.4.3 Relaxed transmit and/or receive EVM requirement
· Cost reduction analysis
Relaxed transmit and/or receive EVM requirement would reduce the UE processing complexity. If the maximum modulation is restricted to QPSK for DL or UL, about 3~4% cost saving would be expected.
· Specification impact

Relaxed transmit and/or receive EVM requirement would have impact on RAN4 specifications.
· Performance impact

Restricting the maximum modulation order reduces the DL and the UL spectral efficiency.

2.4.4 Reduced physical control channel processing
· Cost reduction analysis
Reduced physical control channel processing may reduce the UE receiver processing complexity. For example, the methods to reduce number of blind decoding attempts include reducing the aggregation levels, reducing the candidate sets for each aggregation level, reducing the searching space and reducing the DCI formats to detect. Reduced physical control channel processing may have cost saving by reducing cost in HARQ buffer. 
· Specification impact

To reduce number of blind decoding attempts, definition of new searching space may be needed.
· Performance impact

There may be no performance impact on control channel if the maximum aggregation level is not reduced.
2.4.5 Reduced physical data channel processing
· Cost reduction analysis
Reduced physical data channel processing by relaxing downlink HARQ time line would reduce the chip implementation requirement on decoding module, HARQ buffer, and receiver processing block, etc. If reduced number of HARQ processes can be applied, HARQ buffer cost can be further reduced.
· Specification impact

If relaxed downlink HARQ time line is adopted, the ACK/NACK feedback timing would be modified. New HARQ timing would be introduced in RAN1 specifications.
· Performance impact

Relaxed downlink HARQ time line may cause interference to PUCCH for normal UEs. Reduced number of HARQ processed may reduce the peak data rate that an MTC UE can support.

2.4.6 Reduced support for CQI/CSI reporting modes
Reduced support for CQI/CSI reporting modes should be considered combined with the transmission mode reduction.
· Cost reduction analysis
Reduced support for CQI/CSI reporting modes would reduce the baseband processing cost.
· Specification impact

To support MTC UEs with the reduction of reduced support for CQI/CSI reporting modes, minor specification changes may be expected.
· Performance impact

Reduced support for CQI/CSI reporting modes may be beneficial to UE power saving by reducing the measurement reporting of the MTC UEs.
2.5 Summary and suggestions on UE complexity reduction solutions
Table 1. Summary of UE complexity reduction solutions

	Potential complexity reduction solutions
	Cost  saving
(compared to Cat.1 UE)
	Specification/performance impacts
	Recommendation

	Reduced UE bandwidth of 1.4 MHz in downlink and uplink
	~39%
	fully re-evaluation needed
	high priority

	Reduced maximum transmit power (on-chip PA)
	< 10%
	RAN4 specification impact;
3~5dB UL coverage loss
	further evaluation needed

	Reduced support for downlink transmission modes
	2~3%
	up to the specific solution
	supplementary solution if needed

	Reduced maximum transport block size
	up to the requirement of peak data rate
	small
	supplementary solution if needed 

	Reduced support for simultaneous reception of multiple transmissions
	small
	small
	low priority

	Restricted modulation scheme
	3~4%
	reducing the DL and the UL spectral efficiency
	not considered

	Reduced physical control channel processing
	small
	small
	low priority

	Relaxing downlink HARQ time line
	small
	significant
	low priority

	Reduced number of HARQ processes
	~2%
	small
	supplementary solution if needed 

	Reduced support for CQI/CSI reporting modes
	small
	small
	to be considered with “Reduced support for downlink transmission modes” together


Potential cost saving techniques can be selected as candidate Rel-13 UE complexity reduction solutions if they can bring significant cost saving gain. Based on this principle, Reduced UE bandwidth of 1.4 MHz in downlink and uplink should be considered as the most important complexity reduction solution since they may bring about 39% cost saving gain compared to Cat.1 UEs. Reduced maximum transmit power can be considered as another important complexity reduction solution but should be fully evaluated due to the coverage degradation. 

Reduced support for downlink transmission modes can be considered as supplementary cost saving solution if needed. If reduced support for downlink transmission modes is applied as a cost reduction technique for MTC UEs, common messages and data should have the same transmission mode.
Further UE processing relaxations discussed in section 2.4 can reduce the UE processing complexity to some extent but can’t bring significant cost saving gain. Moreover, some relaxations may have negative impact on system/UE performance. Restricted modulation scheme is not recommended considering the impact on spectral efficiency. Reduced maximum TBS and reduced HARQ processing number can be considered  as supplementary complexity reduction solution if needed. Other UE processing relaxations can be considered as low priority complexity reduction solutions for Rel-13 MTC UEs.
Proposal 1: Reduced UE bandwidth of 1.4 MHz in downlink and uplink should be considered as the most important complexity reduction technique for Rel-13 MTC UEs.

Proposal 2: Reduced maximum transmit power should be fully evaluated due to the coverage degradation. 

Proposal 3: Reduced support for downlink transmission modes can be applied as a supplementary complexity reduction technique for Rel-13 MTC UEs. Consistency of transmission mode of control channel and data channel should be considered.
Proposal 4: Restricted modulation scheme is not recommended as complexity reduction solution due to the negative spectral efficiency impact. Reduced maximum TBS and reduced HARQ processing number can be considered as supplementary complexity reduction solutions if needed. Other UE processing relaxations related complexity reduction solutions can be considered with lower priority for Rel-13 MTC UEs.
3 Conclusions

In this contribution, we have discussed the general considerations on UE complexity reduction solutions for LTE. We make the following proposals:

Proposal 1: Reduced UE bandwidth of 1.4 MHz in downlink and uplink should be considered as the most important complexity reduction technique for Rel-13 MTC UEs.

Proposal 2: Reduced maximum transmit power should be fully evaluated due to the coverage degradation. 

Proposal 3: Reduced support for downlink transmission modes can be applied as a supplementary complexity reduction technique for Rel-13 MTC UEs. Consistency of transmission mode of control channel and data channel should be considered.
Proposal 4: Restricted modulation scheme is not recommended as complexity reduction solution due to the negative spectral efficiency impact. Reduced maximum TBS and reduced HARQ processing number can be considered as supplementary complexity reduction solutions if needed. Other UE processing relaxations related complexity reduction solutions can be considered with  lower priority for Rel-13 MTC UEs.
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