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1
Introduction
The Rel-12 MTC work item, as “low cost and enhanced coverage MTC UE for LTE” approved in RAN #60 [1] is to specify a new low-cost UE category for MTC operation and to provide enhanced LTE overage.  While the many issues related with coverage enhancement are still pending RAN1 decision, it is agreed that the low cost MTC UE shall support these capabilities from the TR report 36.888 [2]:
· Single Rx antenna;

· Reduced TBS size with limit of 1000 bits for both DL and UL;

· Reduced PDSCH bandwidth to 6PRB (1.4MHz) in baseband;

· Support of half duplex FDD as well as full duplex FDD and TDD operation.

This contribution addresses RAN4 specification impact of these MTC UE features and proposes possible RAN4 investigation to support low-cost MTC UE.  The coverage enhancement UE, which is also defined in WID [1], is not the scope of this contribution, because the major features of coverage enhancement are still pending RAN1 decisions.
2
Discussion
2.1
Single Rx antenna 

For low cost MTC devices, one Rx chain is considered to reduce the complexity and thus the cost.  Compared with regular LTE UE, 1Rx chain could reduce RF and baseband components in the design and thus could provide benefit in cost saving for MTC devices.
The cost saving of 1Rx with reduced device complexity, however, will be generally at the expense of performance degradation, compared with regular LTE UE.  RAN4 specification should be revisited to address the 1Rx impact, where the 2Rx-based requirements cannot be directly applied to low-cost MTC.

The major impact of 1Rx would be the DL UE requirements.  The impact can be listed here:
1. Core part: Receiver sensitivity.  While the sensitivity specified in Chapter 7 of 36.101 is based on 2Rx, sensitivity requirements for 1Rx should be included for MTE UE category.  Since UE reference sensitivity requirements are different depending on supported band, RAN4 can either apply a generic approach to specify 1Rx (with a common delta X dB related to 2Rx sensitivity of respective bands), or a specific approach to prioritize certain bands.
2. Performance: Demodulation performance of data and control channels should be revisited to support 1Rx.  The channels shall include PDSCH, (E)PDCCH/PCFICH, PHICH, and PBCH.  

3. CSI performance: CQI reporting under AWGN and fading conditions should be updated for 1Rx.
4. RRM aspect, 36.133: 

a. Cell selection/re-selection requirements with 1Rx, due to PSS/SSS 1Rx reception
b. RLM requirements with 1Rx

c. RSRP/RSRQ measurement with 1Rx
d. RSTD measurement with 1Rx

The core requirement on 1Rx receiver sensitivity should be the starting point to specify the MTC requirements.  
2.2
DL and UL maximum TBS size of 1000 bits

The new MTC UE category can only support maximum TBS size of 1000 bits for both DL and UL to reach the peak 1Mbps data rate.  Also agreed in RAN1 that there is no support of 64QAM for uplink, and only single layer is supported for both DL and UL.  What is the impact to RAN4 specifications by these features?
2.2.1
UL impact (TS 36.104)
The limited UL TBS size may impact UL reference sensitivity and UL PUSCH performance, due to the TBS size specified in these tests in 36.104.  The FRC tables of 36.104 should be revisited to relate MTC UE with limited TBS size.  It is possible to specify a limit number of test cases for low-cost MTC UE.

2.2.2
DL impact
The TBS impact on DL will be on the demod performance of PDSCH.
2.3
Reduced bandwidth 1.4MHz (6PRB) for PDSCH

The low cost MTC device will support reduced DL channel bandwidth of 1.4MHz for data channel in baseband, while the DL control channel is kept to use the carrier bandwidth.  To compensate potential loss of reduced DL bandwidth, RS boosting may be applied to PDSCH/PDCCH.  The RS and/or PDSCH boosting scheme and the 6PRB allocation (localized or distributed), which may impact BS Tx characteristics, are still pending RAN1 decision.  RAN4 may consider how much boosting is possible for both RS and PDSCH in terms of out-of-band emission or out-of-cell interference, particular for coverage enhancement UE.
For DL, demodulation performance of PDSCH will be impacted.

2.4
Half duplex FDD (HD-FDD) transmission

A FDD low cost MTC device may eliminate the Tx/Rx isolation in its RF circuits if the MTC device only operates at half duplex FDD (HD-FDD) mode.  The elimination of Tx/Rx isolation provides cost-saving benefit; however, current RAN4 specifications assume duplex UE operation and the specifications are needed to revisit to check the applicability of half duplex FDD mode.
FDD eNodeB shall support both duplex and half duplex UE in one band.  eNodeB will not schedule a HD-FDD UE to transmit and receive in one TTI.  eNodeB scheduler, which is a BS implementation issue, will be able to accommodate HD-FDD UE in the network under the current specification.  It is not likely that HD-FDD transmission will impact RAN4 BS specifications.

At the UE side, the transmitting and receiving subframe of one half-duplex UE may need a time gap for Tx/Rx switching.  A definition of the Tx/Rx gap period may ensure proper scheduling.  Currently there is no RAN4 requirement on the Tx/Rx gap.  RAN4 shall study whether the Tx/Rx timing gap requirement is needed for half duplex operation.
3
Summary of RAN4 specification impact

3.1
RF Core impact

Low cost MTC will impact UE receiver sensitivity and its relative characteristics due to 1Rx, limited TBS size, and reduced bandwidth.  New 1Rx requirements should be defined and the relevant tables of reference measurement channel for low cost MTC shall be addressed.
Because UE reference sensitivity requirements are different depending on supported band, RAN4 can either apply a generic approach to specify 1Rx, or use the specific approach to revisit 1Rx sensitivity for all 44 bands.  In summary, there are two options to specify the RF requirements for MTC:
Option 1:
Define MTC reference sensitivity requirement one-band at a time for all LTE 44 bands.

Option 2:
Apply a generic approach: define a common delta X dB related to 2Rx sensitivity of respective bands, and apply the delta X dB to yield the 1Rx sensitivity for all bands.

RAN4 shall decide the option to define the core requirements.

3.2
Demod and CSI Performance

Due to the features of 1Rx, maximum 1000 bit TBS size, and reduced PDSCH bandwidth, the demodulation performance channels should be impacted:
UE performance:

PDSCH, (E)PDCCH/PCFICH, PHICH, and PBCH
UE CSI:


CQI reporting

BS performance:

PUSCH
3.3
RRM

These RRM requirements will be impacted for low-cost MTC
1. Cell selection/re-selection

2. RLM requirements

3. RSRP/RSRQ measurements

4. RSTD measurement

The Tx/Rx timing gap for half duplex FDD UE shall be studied for possible requirement.
4. 
Conclusions

This contribution provides an overview on potential RAN4 impact for low-cost MTC.  Based on the overview, we observed that:
Observation 1:
RAN4 should use either Option 1 or Option 2 to define the RF core requirements for low-cost MTC, where

· Option 1: Define MTC reference sensitivity requirement one-band at a time for all LTE 44 bands.

· Option 2: Apply a generic approach: define a common delta X dB related to 2Rx sensitivity of respective bands, and apply the delta X dB to yield the 1Rx sensitivity for all bands.

Observation 2:
The demodulation/CSI performance will be impacted for low-cost MTC:

· UE performance:
PDSCH, PDCCH/PCFICH, PHICH, and PBCH

· UE CSI:


CQI reporting

· BS performance:

PUSCH
Observation 3:
The low cost MTC will impact these RRM requirements:
· Cell selection/re-selection

· RLM requirements

· RSRP/RSRQ measurements

· RSTD measurement

RAN4 shall study whether the Tx/Rx timing gap requirement  is needed for half duplex operation.
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