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1 Introduction

According to LTE Rel-13 work item on further physical layer enhancements for MTC [1], the following scope has been defined for discussions and decisions related to cost/complexity reduction for Rel-13 MTC UE category/type:
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;
· 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, we share our views on the UE cost/complexity reduction for Rel-13 low complexity MTC UE category/type in LTE systems.  
2 Overall Relative Cost Reduction Estimation 
According to the detailed analysis presented in the following sections, the main features that Rel-13 low complexity UE category/type would support are listed as follows:

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.
· Maximum TBS of 1000 bits for unicast

· Limited Buffer Rate Matching (LBRM) and reduction on the number of HARQ processes
· Single RF antenna

· Half-duplex with single oscillator
Table 1 illustrates the cost saving estimation for Rel-13 low complexity UEs relative to Cat.0 and Cat.1 UEs. It can be observed that ~30%-35% and ~70%-75% overall cost reduction can be achieved for Rel-13 low complexity UEs in relative to Cat.0 and Cat.1 UE, respectively.
Table 1. Relative cost saving estimation for Rel-13 low complexity UEs relative to Cat.0 and Cat.1 UEs
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RE
Power amplifier 25%-30% N/A N/A
Filters 5%-10% 50% N/A
RF transceiver 40%-50% 70% N/A
inctuding LNAS, mixer, local oscillator)
Duplexer/Switch 15%-25% 80% N/A
other 0%-10% N/A N/A
[Totat of RF 95%-110% 55% %
Baseband
ADC / DAC 10% 93% 93%
FET/IFFT 5% 96% 96%
Post-FFT data buffering 10%-15% 97% 93%
Receiver processing block 20%-35% 97% 93%
[Turbo gecoding 5%-15% 90% N/A
HARQ buffer 10%-15% 95% 75%
DL control processing & decoder 5% 50% N/A
[Synchronization / cell search block 10%-15% N/A N/A
UL processing block 5%-10% 81% 50%
IMIMO specific processing blocks 5%-15% N/A N/A
other 0% N/A N/A
[Total of Baseband 90%-110% 80% 95%
Overall relative cost savings

70-75% 30-35%

= 40%RF + 60%Baseband





Observation 1

· ~30%-35% and ~70%-75% cost reduction can be achieved for Rel-13 low complexity UEs relative to Cat.0 and Cat.1 UE, respectively.

3 Discussion on Reduced Bandwidth

According to the WID description in [1], one of the promising features for Rel-13 low complexity UE category/type is to allow the reduced bandwidth of 1.4 MHz in both downlink and uplink, which would further reduce the UE power consumption as well as the cost/complexity relative to Cat.0 UE. When operating in the reduced bandwidth of 1.4MHz, certain design changes may be needed for various physical channels.

Various options can be considered to allocate resources for different physical channels for Rel-13 MTC UEs with reduced bandwidth support. RAN1 needs to further study and determine whether the reduced bandwidth is realized for Rel-13 MTC UEs in a UE-specific manner or whether one or more MTC regions, that may be cell-specific, can be defined where each MTC region spans a reduced bandwidth of 1.4MHz within the system bandwidth. To realize future-proof solutions, the resource allocation procedures should be appropriately designed to efficiently support, at least in terms of signaling overhead and system spectral efficiency, a massive number of MTC devices as envisioned for the near future. Another important factor to be considered in this regard is the impact from re-tuning time (to be determined by RAN4 WG) to be supported by the specifications for MTC UEs to switch from one reduced BW portion of the system BW to another. 

Dedicated MTC regions can be considered to span the reduced UE bandwidth of 1.4MHz. The regions can be defined logically so as to realize frequency diversity benefits possibly across set of radio frames or even subframes. While such a design can help in achieving optimized signaling and resource allocation solutions considering a large number of MTC UEs, the impact on the overall scheduling flexibility and thereby on non-MTC UEs should be carefully analyzed. For instance, for DL, within each subframe, the MTC region should be limited to the symbols excluding the first four symbols that can potentially carry the legacy control channels. On the UL, the design should aim towards minimize the impact from potential system bandwidth fragmentation for UL signal transmissions from non-MTC UEs. Depending on the outcome of RAN4 study on re-tuning time, the appropriate resource allocation mechanism and designs for common control channels and data channels should be developed and specified.

One of the most crucial aspects related to reduced bandwidth support is the issue of the support of Layer 1 control channels. Since the legacy DL control channels (PDCCH, PCFICH and PHICH) are of wideband nature (relative to the system bandwidth), it would not be possible for MTC UEs with reduced UE bandwidth to receive them. Even for the option of EPDCCH based DL control channel design, further studies and specification work is needed to define common search space for EPDCCH. Additionally, it should be noted that relying on an EPDCCH-based design runs the risk of increasing the UE processing requirements in order to receive the subframe-based control channel based on current EPDCCH design. Finally, support of (E)PDCCH-less operation for common control channels as well as reduced BW MTC user scheduling should also be evaluated considering typical MTC application scenarios.

Hence, as discussed in our companion contribution [2], all options – (a) design of a new DL control channel to satisfy the core functionalities of the legacy DL control channels, (b) enhancements to the current EPDCCH design with possible addition of common search space support, (c) support of (E)PDCCH-less operation for common control and data scheduling, and their combinations – should be analyzed further considering specification and implementation efforts, for the effective support of reduced UE bandwidth for MTC UEs in order to achieve maximal cost/complexity reduction.

Observation 2
· Detailed system design for support of reduced UE bandwidth in RAN1 and RAN2 WGs should take into consideration the re-tuning time to be determined by RAN4 WG.

Proposal 1

· Various options and their combinations including the following three should be further analyzed in light of implementation and specification efforts towards maximizing the achievable reduction of UE cost/complexity while minimizing the impact to system spectral efficiency and impact to non-MTC UEs:

a. design of a new DL control channel to satisfy the core functionalities of the legacy DL control channels,
b. enhancements to the current EPDCCH design with possible addition of common search space support,
c. support of (E)PDCCH-less operation for common control and data scheduling.

4 Discussion on Reduced Maximum Transmit Power 

As identified in the WID [1], the reduction of the maximum transmit power for the new Rel-13 UE class is to be determined by the RAN4 WG with the primary motivation of being able to support an integrated power amplifier design in UE implementation towards further reduction of the UE cost. It should however be noted that a clear impact can be expected on UL coverage performance and/or spectral efficiency depending on the exact amount of reduction in the maximum transmit power. This aspect should be considered during the RAN1 work in defining targets and solutions for coverage enhancement for UL signals and channels for the new Rel-13 MTC UE category.

Proposal 2:

· RAN1 WG should consider the impact on UL coverage and spectral efficiency from RAN4-determined reduction in maximum transmit power in determining targets and solutions for coverage enhancements for Rel-13 MTC UE category.

5 Discussion on Reduced Support for DL Transmission Modes
Reduced support for DL transmission modes (TMs) has been considered as a cost reduction technique in order to enable simpler UE implementations for reception, number of blind decoding attempts for (E)PDCCH, and CSI processing. When taking into account the single RF chain for Rel-13 low complexity MTC UEs as well as TM1 and TM2 as the basic transmission modes to ensure backward compatibility, one of the primary candidates towards this is specifying support for only TM1 and TM2 with CRS-based demodulation and no need for precoding support. 
As mentioned in Section 2, EPDCCH-based DL control channel design has been identified as a potential direction to follow as an alternative to wideband PDCCH-based DL control channel design for MTC UEs with reduced UE bandwidth. In this regard, another alternative could be to specify support for both CRS based TM1/2 and DM-RS based TMs (e.g., TM9), if the DL control channel is based on EPDCCH design. Note that, following this approach, common control messages may be supported using non-precoded DM-RS RRM measurements can still be based on transmitted CRS that span the reduced UE bandwidth.

Proposal 3:

· A reduction in the number of supported DL transmission modes compared to Category 0 can be considered as a complexity reduction technique. Both options of (i) down-selecting to TM1/2, or, (ii) down-selecting to TM1/2/9 should be further evaluated.

6 Discussion on Other Techniques for Cost Reduction

6.1 Reduced maximum transport block size
For Cat.0 UE, the maximum TBS is 1000 bits for unicast transmission and 2216 bits for SIB/RAR/paging transmission. Note that the maximum TBS for unicast transmission depends on the specific MTC application, e.g., measurement report from smart meters and small data transmission from wearable. It may not be beneficial to further reduce the maximum TBS for unicast transmission for Rel-13 low complexity UE when considering a similar usage of MTC devices. 
In addition, the main cost savings for reduced maximum TBS for unicast transmission arise from the reduced requirements for turbo decoding and HARQ buffering. To further reduce the cost on the HARQ buffering, it may be appropriate to apply other techniques to reduce the total number of soft channel bits. For instance, Limited Buffer Rate Matching (LBRM) can be employed to further reduce the total number of soft channel bits by half while providing no or negligible performance degradation in comparison with Full Buffer Rate Matching (FBRM) [3]. Another promising approach is to reduce the number of HARQ processes for Rel-13 low complexity UE. In the case when the total number of HARQ processes is reduced to 4, the total number of soft channel bits can be reduced by half. 
Table 2 illustrates the total number of soft bits for Rel-13 low complexity UE when both FBRM and LBRM are employed and the total number of HARQ processes is reduced to 2 and 4, respectively. According to the cost breakdown in [4], HARQ buffer accounts for 10%-15% of baseband cost, and equivalently 6%-9% of overall cost. In the case when LBRM is adopted and the total number of HARQ processes is reduced to 4 for Rel-13 low complexity UE, overall cost savings in relative to Cat.0 UE can be calcuated as ~5%-7%. 
Table 2. Total number of soft bits
	
	Number of HARQ Processes

	
	2
	4
	8

	FBRM
	6336
	12672
	25344

	LBRM
	3168
	6336
	12672


Observation 3
· When LBRM is employed and the total number of HARQ processes is reduced to 4 for Rel-13 low complexity UE, overall cost savings in relative to Cat.0 UE is ~5%-7%.
Proposal 4
· The maximum TBS for unicast transmission for Rel-13 low complexity UE is 1000 bits.
· LBRM and reduction on the number of HARQ processes should be considered for further cost savings. 
6.2 Reduced support for simultaneous reception of multiple transmissions
According to current specification, the following reception types are defined for the simultaneous reception of multiple transmissions:
· For RRC_CONNECTED UE:
· PBCH+SI-RNTI+(RA-RNTI/TC-RNTI/C-RNTI, or PDCCH order)

· For RRC_IDLE UE:

· PBCH+SI-RNTI+P-RNTI

According to the agreement from RAN2 for Cat.0 UE, “If the UE is not able to receive multiple Transport Blocks within a subframe due to max TBS and/or bandwidth limitation, it’s up to UE implementation which TB to prioritize.” The same design principle can also apply for Rel-13 low complexity UEs. In particular, in the case when simultaneous reception of multiple transmissions may not be possible due to certain limitation for Rel-13 low complexity UEs, it is up to UE implementation to prioritize the transmission. 
Proposal 5
· It is up to UE implementation to prioritize on handling simultaneous reception of multiple transmissions. . 
6.3 Reduced physical control channel processing
While reduction of the number of blind decoding attempts for (E)PDCCH may not directly contribute to the overall cost savings, it may be desirable in terms of reduced power consumption for Rel-13 low complexity UEs. According to Rel-8/9 LTE specification, UE would be required to carry out a maximum of 44 blind decoding attempts in any subframe. To further reduce the number of blind decoding attempts, one potential approach is to configure a subset of aggregation levels for Rel-13 low complexity UE. In particular, eNB can determine the appropriate aggregation levels based on the UE locations or RSRP measurement report from MTC UE and configure these MTC UEs via RRC signalling. For instance, for cell-edge UEs, eNB may configure these MTC UEs with higher aggregation levels, e.g., 4 or 8 CCEs; while for cell-center UEs, eNB may configure these MTC UEs with lower aggregation levels. This simple mechanism can help to further reduce the power consumption for Rel-13 low complexity UEs, which is critical towards achieving ultra-long battery life. 
Proposal 6
· A subset of aggregation levels can be configured for Rel-13 low complexity UEs to further reduce the power consumption. 
7 Conclusions

In this contribution, we provided our views on the UE cost/complexity reduction for Rel-13 low complexity MTC UE category/type in LTE systems. Based on the discussion presented, we summarize our views through the following proposals and observations:
Observation 1

· ~30%-35% and ~70%-75% cost reduction can be achieved for Rel-13 low complexity UEs relative to Cat.0 and Cat.1 UE, respectively.

Observation 2

· Detailed system design for support of reduced UE bandwidth in RAN1 and RAN2 WGs should take into consideration the re-tuning time to be determined by RAN4 WG.

Observation 3
· When LBRM is employed and the total number of HARQ processes is reduced to 4 for Rel-13 low complexity UE, overall cost savings in relative to Cat.0 UE is ~5%-7%.
Proposal 1

· Various options and their combinations including the following three should be further analyzed in light of implementation and specification efforts towards maximizing the achievable reduction of UE cost/complexity while minimizing the impact to system spectral efficiency and impact to non-MTC UEs:

a. design of a new DL control channel to satisfy the core functionalities of the legacy DL control channels,
b. enhancements to the current EPDCCH design with possible addition of common search space support,
c. support of (E)PDCCH-less operation for common control and data scheduling.

Proposal 2:

· RAN1 WG should consider the impact on UL coverage and spectral efficiency from RAN4-determined reduction in maximum transmit power in determining targets and solutions for coverage enhancements for Rel-13 MTC UE category.

Proposal 3:

· A reduction in the number of supported DL transmission modes compared to Category 0 can be considered as a complexity reduction technique. Both options of (i) down-selecting to TM1/2, or, (ii) down-selecting to TM1/2/9 should be further evaluated.

Proposal 4
· The maximum TBS for unicast transmission for Rel-13 low complexity UE is 1000 bits.
· LBRM and reduction on the number of HARQ processes should be considered for further cost savings. 
Proposal 5
· It is up to UE implementation to prioritize on handling simultaneous reception of multiple transmissions. . 
Proposal 6

· A subset of aggregation levels can be configured for Rel-13 low complexity UEs to further reduce the power consumption. 
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