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1 Introduction
At the RAN4#68bis meeting the potential impacts to the requirements in RAN4 for the work item on low cost and enhanced coverage MTC UE’s  [1] were discussed with the objective to specify a new UE category for MTC operation in all LTE  duplex modes and provide a relative LTE coverage improvement of 15dB for FDD. This new UE type is also targeted to support to the following capabilities:

· Single receive antenna

· Downlink and uplink maximum TBS of 1000 bits

· Reduced downlink channel bandwidth of 1.4 MHz for data channel in baseband

Following the discussions in [3], [4], [5], [6] and [7] the following Way Forward [2] was agreed to with regard to the on going analysis for the Low Cost MTC UE work item:

· Create a new TR for RAN4 to capture all the MTC related RAN4 agreements. 
· Investigate whether RAN4 RF core requirements can be introduced as being generic for all bands and if not prioritize which bands RAN4 will investigate with respect to defining RAN4 core requirements for low cost MTC UE.  
· Initially prioritize the investigation of RF requirements for, and agree on initial list of impact to specification by RAN4#69 for:
· Single receiver MTC UE implementations.
· Half-duplex MTC UE implementations
· Initially investigate the impacts of 
· MTC UE requirement of a TBS of 1000 bits 

· limiting the data in the DL to 6RB will be included as part of this analysis
      on reference sensitivity and the definition of a new reference measurement channel for MTC UEs.
· Target work plan will be agreed by RAN4#69.

This contribution further discusses the impacts of a requirement of a TBS of 1000 bits as well as the impact of limiting the DL to 6 RBs.
2 Discussion
2.1 Reduced Transport Block (TB) Size
Since the MTC UE devices target low data rate applications, limiting the peak data rates is seen as one of the viable methods to achieve cost and complexity reductions for MTC UEs. Since the data rate requirements are relaxed for MTC UEs, the maximum TB size can also be decreased. Specifically, a TB size of 1000 or 2216 bits is being discussed for use with an MTC UE. This will enable reduced memory requirements for storing soft channel bits and furthermore, the lower peak rate due to the limitation on TB size shall enable support for lower-order modulation schemes leading to a higher acceptable Error Vector Magnitude (EVM) in the RF stages of the UE. 

In addition to impacts on data rates, the reduced TBS will also impact signalling performance and the size of control channel messages. For example the maximum TBS size of PDSCH when it is used with SI-RNTI (SIBs), P-RNTI (Paging) and RA-RNTI (RACH response) is 2216 bits. Furthermore, for example, in DCI format 1C the maximum size is 1736 bits and the TBS size of DCI format 1A for SI-RNTI/P-RNTI/RA-RNTI is also 2216 bits. How these messages are adapted to accommodate the reduced TBS requirement for low cost MTC is still under discussion in RAN1 and RAN2 [9].
RAN1 and RAN2 are currently discussing the impact on SIBs, paging and RACH response on mobility and coverage as highlighted in [9]. 
Depending on the outcome of the definition of the signaling to support reduced TBS and its impacts on enhanced coverage it is possible that modification to reference sensitivity may be required. Any changes to REFSENS may also affect the RRM requirements dependent upon the REFSENS, for example the RSRP level.
Observation #1:
Reduced TBS and MTC enhanced coverage requirements may have impacts on RAN4 reference sensitivity, which may also affect the RRM requirements dependent upon the REFSENS, for example the RSRP level, in order to meet enhanced coverage requirements for low cost MTC.

2.2 Reduced Base-Band Channel Bandwidth

The MTC UE category defined in [3] also features a reduced downlink channel bandwidth of 1.4 MHz for baseband data channels while the maintaining the system bandwidth. However, the downlink control channels can still occupy the complete system bandwidth and in addition, there are no restrictions on the uplink.

The PDSCH allocations for the new UE type will then be limited to a maximum of 6 RBs and the UE is not required to receive downlink data transmissions spanning more than 1.4 MHz. In addition, In [10] RAN1 has agreed upon the use of 6 RB’s in the DL for both contiguous and non-contiguous resource allocation for unicast transmissions. It should be noted that the complexity and accuracy of the baseband channel estimation in an MTC UE can impacted by whether the RB’s are contiguous or not. This will impact the specification of the implementation margin in the UE as well as the required reference sensitivity. It is proposed that a number of non-contiguous and contiguous patterns be evaluated in order to quantify the impact on reference sensitivity.

Observation #2:

The specification of reference sensitivity in an MTC UE may be impacted by whether the RB allocations for MTC UE’s are contiguous or non-contiguous.

Proposal
For evaluation of RF requirements for MTC UE’s, both contiguous and non-contiguous patterns of RB allocations be evaluated in terms of the impact on receiver reference sensitivity.

· Initial patterns should at least include 6 contiguous RBs at the band center and each band edge

· Initial patterns should at least include non-contiguous RBs uniformly spread over the system bandwidth.
The limitation on DL RB allocation for data transmissions results in a scaled down processing load and relaxes the constraints on baseband dimensioning in terms of channel estimation, equalisation, and buffering requirements. In terms of the impact on the RAN4 specifications, the necessary UE requirements to ensure that the UE is capable of receiving up to 6 RBs anywhere over the system bandwidth needs to be specified. 
The restriction of DL transmissions to 6 RBs can also have impacts on simultaneous reception of different signal types such as user data, SIBs, paging and RACH messages. These issues are currently being addressed in RAN1 and RAN2. Pending the results of those discussions RAN4 will need to assess which of the core and performance requirements will be impacted. It is expected that PDSCH reference measurement channel definitions will need to be revisited in order to support a maximum of 6 RBs.
Observation #3:

The restriction to 6 RBs on the DL for low cost MTC UEs will require modification to the reference measurement channel definition for PDSCH
3  Conclusion
This contribution discussed the impact of reduced TBS as well as the impact of restricting the DL to 6 RBs  for MTC UEs and highlighted the possible impacts on RAN4 requirements. The following observations and proposals have been made:
Observation #1:

Reduced TBS and MTC enhanced coverage requirements may have impacts on RAN4 reference sensitivity, which may also affect the RRM requirements dependent upon the REFSENS, for example the RSRP level, in order to meet enhanced coverage requirements for low cost MTC.
Observation #2:

The specification of reference sensitivity in an MTC UE may be impacted by whether the RB allocations for MTC UE’s are contiguous or non-contiguous
Observation #3:

The restriction to 6 RBs on the DL for low cost MTC UEs will require modification to the reference measurement channel definition for PDSCH

Proposal
For evaluation of RF requirements for MTC UE’s, both contiguous and non-contiguous patterns of RB allocations should be evaluated in terms of the impact on receiver reference sensitivity.

· Initial patterns should at least include 6 contiguous RBs at the band center and each band edge

· Initial patterns should at least include non-contiguous RBs uniformly spread over the system bandwidth.
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