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1. Introduction
In RAN#65, the work item of further LTE physical layer enhancements for MTC was approved [1]. One of the main objective for this WI is on the UE complexity reduction: 
· 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 RF 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 should be 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.

· Reduced support for downlink transmission modes.

· The following further UE processing relaxations can also be considered within this work item:

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

· Reduced support for simultaneous reception of multiple transmissions.

· Restricted downlink 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).

· Reduced support for CQI/CSI reporting modes.

In this contribution, we provide our view on the UE complexity reduction techniques. 

2. UE Complexity Reduction Techniques 
2.1. Narrowband Operation
As specified in the WID, we will consider reducing UE RF bandwidth to 1.4 MHz in both downlink and uplink. The bandwidth reduced UEs should be able to operate within any system bandwidth and frequency multiplexing of reduced UEs should be supported. 
We propose the following approach to allow simultaneous supports of the new MTC services with other regular services. 
· Reuse PSS/SSS/PBCH for cell acquisition

· PBCH can be further repeated/bundled to allow coverage enhancements
· For simplicity, there is no need to introduce new PBCH content 
· Introduce new MTC_SIB for system information delivery

· The new MTC_SIB will have reduced payload comparing to regular SIB 

· This is necessary for coverage enhancements and signaling overhead reduction

· The MTC_SIB will be transmitted in the center 6 RB
· This allows simplified wake-up and SIB reading procedure
· MTC UE can be retuned to other narrowband regions for RACH procedure and data communications

· This allows better multiplexing capability, especially for large number of MTC devices. 

· The RACH configurations can be provided in MTC_SIB

As described earlier in this paper, one of the techniques that can be used for narrowband operation is to retune the MTC UEs to different narrowband regions. Due to the low complexity nature of these UEs, they may be using a single PLL. In such UEs, the frequency retuning time can become significant. 
· As part of the Rel 12 MTC feature WI, RAN4 concluded that for a single PLL UE operating in HD-FDD mode, the switching time from DL to UL or UL to DL might be up to 1ms. Similar study can be done here to get the downlink frequency retuning time required for the PLL to settle. 

· Note that the retuning to other narrowband regions is needed only for load distribution, therefore, the exact time for retuning is not critical. Practical implementation with retuning time up to 1 ms should be sufficient for such application. 

Proposal 1: 

Support narrowband opearation of 6 RBs with semi-static retuning to other narrowband regions for data communications.

[image: image1.emf]Wideband Data

PSS/SSS/PBCH/MTC_SIB/Paging

L

e

g

a

c

y

 

 

 

C

o

n

t

r

o

l

  Wideband Data

Data Communications

L

e

g

a

c

y

 

 

 

C

o

n

t

r

o

l

 


Figure 1. Narrowband Operation
Figure 2 shows broadcast transmissions for MTC support including bundled PBCH and new MTC_SIB transmissions. Detailed proposals for PBCH and SIB are presented in separate contributions. 

Proposal 2: 

Introduce new MTC_SIB with significantly reduced payload size and increased modification period. 
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Figure 2. Narrowband Operation

2.2. Other Complexity Reduction Techniques
In addition to narrowband operations, we also propose the following complexity reduction techniques:
1. Simplified transmission mode support:

a. MTC will support only one transmission mode, e.g. MTC_TM

2. Simplified channel state feedback:

a. For many MTC applications, the devices are stationary with small payload transmission each time, e.g. water meter reports current reading. Therefore, current channel state feedback mechanisms, which are designed to handle large amount of data and possible high mobility, are not suitable for such MTC applications. A slow scale feedback mechanism can be considered for both complexity reduction and power consumption reduction.
3. Reduced control channel processing:

a. We should consider limiting the blind decoding hypothesis for MTC devices.  

4. We don’t see strict need to reduce the transport block size for devices in normal coverage. The link budget requirement for the 15 dB coverage enhancements does not need to be for the largest payload of 1000 bits.  

5. Reduction of maximum transmit power should be considered to allow on-chip integration of PA. The exact transmit power level is FFS depending on RAN4 recommendation. 
6. Note that half duplex operation provides benefit in terms of RF complexity reduction and insertion loss reduction. Optimization for half duplex operation should be considered along with other complexity reduction techniques. 
3. Summary
In this contribution we presented our views on the techniques for UE complexity reduction. We make the following proposals:

Proposal 1: 

Support narrowband opearation of 6 RBs in both RF and baseband with semi-static retuning to other narrowband regions for data communications.
Proposal 2: 

Introduce new MTC_SIB with significantly reduced payload size and increased modification period. 

Proposal 3: 

Support one simplified transmission mode, e.g. MTC_TM.

Proposal 4: 

Supports reduced channel feedback. 

Proposal 5: 

Do not need to further reduce the maximum transport block size from 1000 bits for MTC devices, but the link budget improvement of 15 dB does not need to apply to 1000 bits. 

Proposal 6: 

Optimization for half duplex operation should be considered.  
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