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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 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 focuses on the investigation of the band related RF requirements for a single receiver and half-duplex MTC UE implementation.
2 Discussion
2.1 Band Dependent Discussion

Based on the RF requirements defined in chapter 7 of TS36.101 [8], the paragraphs below itemize whether the indicated RF requirements for Low Cost MTC UE’s are band specific or band agnostic for the identified RF requirement. The impacts to the RF requirements for low cost MTC UEs is based on the use of a single RF receive chain as well as the implementation of half-duplex FDD as illustrated in Figures 1 and 2. 
The implementation of HD-FDD can be achieved by the removal of the duplexer in the UE and the addition to the UE of filters and a switch in place of the duplexer. In general these filters and the switch will have band specific characteristics such as insertion loss which will result in the need for band specific requirements for reference sensitivity. In addition, HD-FDD implies that there is no TX to RX noise, which will also impact the RX requirements. 

From the perspective of the single receive chain, the reference sensitivity will in general need to be adjusted. The initial estimated adjustment is in the order of 3 dB for all bands.  
For the maximum input level requirement, any changes due to the HD-FDD and single receive chain implementation in the low cost MTC UE will be band agnostic. It is expected that the maximum input level of -25 dBc may need to be revisited in the context of a single receive chain for low cost MTC, however this will not need to be  specific for each band where low cost MTC is intended to be deployed.

Changes to adjacent channel selectivity (ACS) requirements will in general be band agnostic for both the HD-FDD and single receive chain features of the low cost MTC UE, however it should be noted that the ACS requirement for HD-FDD will be specified as an offset from the reference sensitivity and furthermore the offsets will need to be adjusted.to account for the single receive chain of the low cost MTC UE implementation.
For the in-band blocking requirement, the offsets from reference sensitivity will need to be adjusted for the single receive chain implementation of the low cost MTC UE. We note that in-band blocking includes certain specific requirements in terms of interfering signals for specific bands due to co-existence with adjacent systems. However, this will not change due to HD-FDD or single RX chain features.
For the implementation of the low cost MTC UE, both the requirements for out-of-band blocking and narrowband blocking will be band agnostic, however the requirement will be an offset from the band dependent reference sensitivity and will need to account for  the single receive chain.

The requirement for spurious response will also be band agnostic for the HD-FDD implementation of low cost MTC UE, however the offsets from the reference sensitivity requirement will change due to the single receive chain. Furthermore for the HD-FDD feature of the low cost MTC UE, a number of the currently specified exceptions for receive spurious response will need further consideration, however the changes will be band agnostic.
Receive spurious emissions requirements for low cost MTC UE’s are not expected to change from the current specification since this is not based on UE performance but on protection limits to victim systems.

Receive intermodulation requirements for low cost MTC UEs will be band agnostic, however the requirement offsets from reference sensitivity will change due to the implementation of a single receive chain.
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Figure 1: Generalized MTC UE design with single TX and RX
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Figure 2: HD-FDD UE with single receive RF chain

Based on the above discussion the following observations can be made. 
Observation #1:
Reference Sensitivity requirements for Low Cost MTC UEs are band dependent
Observation #2: 

Inband blocking requirements for Low Cost MTC UEs are in general band independent 
Observation #3
For Low Cost MTC UEs, the requirements for maximum input level, ACS, out-of-band and narrowband blocking, spurious response, receive spurious emissions and intermodulation are band agnostic.
Observation #4

For Low Cost MTC UEs, the requirements ACS, in-band blocking, out-of-band and narrowband blocking, and RX intermodulation are dependent on the reference sensitivity level.
Observation #5

ACS, in-band blocking, out-of-band and narrowband blocking, and RX intermodulation for Low Cot MTC UEs will need to account for the single RX feature.
Observation #6

REFSENS will be impacted by both the HD-FDD and single RX features for Low Cost MTC

Observation #7

The number of exceptions for spurious response will need to be adjusted for the HD-FDD feature of  Low Cost MTC UE.

Proposal #1
For the band specific requirements of Low Cost MTC UEs, the initial bands to be specified are FFS. 
3 Conclusion
This contribution provided an analysis of the band related RF requirements for a single receiver and half-duplex MTC UE implementation. The following observations and proposals were made

Observation #1:
Reference Sensitivity requirements for Low Cost MTC UEs are band dependent
Observation #2: 

Inband blocking requirements for Low Cost MTC UEs are in general band independent 

Observation #3

For Low Cost MTC UEs, the requirements for maximum input level, ACS, out-of-band and narrowband blocking, spurious response, receive spurious emissions and intermodulation are band agnostic.

Observation #4

For Low Cost MTC UEs, the requirements ACS, in-band blocking, out-of-band and narrowband blocking, and RX intermodulation are dependent on the reference sensitivity level.

Observation #5

ACS, in-band blocking, out-of-band and narrowband blocking, and RX intermodulation for Low Cot MTC UEs will need to account for the single RX feature.
Observation #6

REFSENS will be impacted by both the HD-FDD and single RX features for Low Cost MTC

Observation #7

The number of exceptions for spurious response will need to be adjusted for HD-FDD feature for the Low Cost MTC UE.

Proposal #1
For the band specific requirements of Low Cost MTC UEs, the initial bands to be specified are FFS. 
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