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1
Introduction

The Rel-13 WI on further MTC enhancements [1] is currently under investigation in RAN1.  Narrow bandwidth operations of 6 PRBs are considered by RAN1 to support flexible allocation of the 6 PRB cross system bandwidth.  RAN1 has sent a LS [2] to RAN4 on potential issues to support such narrow bandwidth operation for MTC.
The LS [2] is quoted here:

1. Overall Description:

RAN1 has made the following agreement on the support of narrow bandwidth for MTC:

· Support narrow bandwidth operations of 6 RBs in both RF and baseband with possible retuning to another narrowband region (within the cell system bandwidth) for communications.
· There were two companies in RAN1 considering an implementation composed of wideband RF and narrowband baseband

RAN1 would like to ask RAN4 to provide information on the retuning time to be allowed for retuning between narrowband regions within the cell system bandwidth.

In addition, RAN1 would like to ask RAN4 to consider the following in their discussion within the context of narrowband retuning and UE multiplexing:

· how to handle DC subcarrier,

· Tx-Rx carrier center frequency separation within system bandwidth

· channel raster within each link

2. Actions:

To RAN4 group
ACTION: 
RAN1 respectfully asks RAN4 to take the above into consideration in their work for MTC and to provide information on the retuning time to be allowed for retuning between narrowband regions within the cell system bandwidth and other relevant information.

This contribution is addressing the LS [2], with analysis on the four issues raised by RAN1: retuning time, DC subcarrier issue, Tx-Rx center frequency separation, and channel raster size.
2
Discussion
2.1
Retuning time
To allow flexible allocation of narrow bandwidth for MTC operation, RAN1 is discussing possible approach to assign the 6 PRBs anywhere within the cell system bandwidth for narrow bandwidth operation.   MTC UEs have the freedom of implementation of 6 PRB by either using wideband RF and narrow baseband, or using narrowband RF.  The later choice could be a viable solution with lower MTC implementation cost.
If the narrowband RF is used, the MTC device will switch its operation RF frequency when different frequency region is assigned by eNB.  The switch of one RF frequency to another RF frequency needs the MTC to re-lock its LO (local oscillator) to the new RF frequency.  The retuning time is thus needed before the MTC UE could be able to receive or transmit at the new RF frequency.

How much the retuning time would be for RF frequency switching within the system bandwidth?  The RF frequency switching is similar to the operation of Tx/Rx switching of a FDD half duplex UE, with single oscillator implementation.  The Tx/Rx switching needs the local oscillator to switch between UL frequency and DL frequency.  The switching time of the half duplex UE should be similar to that of RF frequency switching of narrowband RF MTC UE.

During Rel-12 low-cost MTC study for FDD half-duplex operation, it was agreed in RAN4 [3] that 1ms is needed for any switching between Tx and Rx for half-duplex FDD, with the assumption of single local oscillator implementation.  The 1ms switching time can be applied to the retuning time for narrowband-RF MTC.
Proposal 1: The retuning time for Rel-13 low complexity UE may be up to 1ms.
2.2
DC subcarrier
The legacy LTE DL design (since Rel-8) applies a null DC subcarrier so that the UE won’t use the DC subcarrier to avoid potential impact of DC leakage in the UE receiver implementation.  The legacy LTE design tolerates UE implementations that might have significant DC leakage without any impact of UE performance.
When one narrowband MTC is allocated anywhere other than the central 6PRB region in the system bandwidth, the question is whether the center subcarrier of the MTC is reserved to map to the DC subcarrier of UE.  If the center subcarrier is reserved to map to the DC subcarrier, there will be a frequency efficiency loss of one subcarrier and the MTC’s 6 PRB region will be difficult to align in frequency domain.
Therefore, the proposal is not to reserve the center subcarrier for UE DC, when other than the central 6PRB region is assigned for a narrowband MTC UE.
On the UE side, there are two options to deal with potential DC leakage in implementation.  The first option is to use a DC-free IF implementation, which could remove any interference to the DC subcarrier.  The UE shall use all subcarriers including the DC subcarrier.  The second option is to discard the data received on the DC subcarrier.  There will be performance loss due to the loss of one subcarrier and the potential interference to other subcarriers close to the DC.  However, the loss could be insignificant, depending on how many PRBs are allocated.  The loss can range from 1/72 to 1/12.  

Proposal 2:  It is up to UE’s implementation to handle DC subcarrier.  No need to reserve the center subcarrier for Rel-13 low complexity UE DC.
2.3
Tx-Rx carrier center frequency separation

For FDD UE, one potential implementation is to have a fixed Tx and Rx frequency separation due to the implementation, based on single oscillator source of one LTE band.  When it is tuning into a Rx frequency in DL, the UE is also tuning a fixed Tx frequency in UL.  This type of UE implementation restricts the DL/UL locations.
From RAN4 core requirements point of view, there is no need to maintain a fixed Tx-Rx frequency separation.  The REFSENS requirements have already considered DL/UL duplexer impact.  The MTC UE should meet the REFSENS requirements when the DL/UL regions are allocated anywhere in their corresponding frequencies within a given FDD band.  

More flexibility is provided if there is no restriction on the dependency of DL and UL allocations.

Proposal 3:  There is no restriction on the Tx and Rx frequency separation for FDD Rel-13 low complexity UE.
2.4
Channel raster within each link

For LTE, the channel raster is 100 kHz for all bands, meaning that the carrier center frequency must be an integer multiple of 100 kHz.
The 100 kHz indicates that LTE UE has the capability to search for carrier frequency in 100 kHz step over the system bandwidth.  With the assumption, if a narrowband UE has detected the center frequency from the synchronization channel, the UE can retune its frequency in steps of 180 kHz (1PRB).  The narrowband UL and DL can be allocated with a step of 1 PRB within the system bandwidth.
However, the DC subcarrier will not be needed for any 6PRB allocation other than at the legacy central allocation.  Any allocation across the DC subcarrier will complicate the subcarrier mapping.  It would be easier for implementation purpose to exclude any 6PRB allocation across the DC subcarrier, except the legacy central 6PRB allocation.
Proposal 4:  The Rel-13 low complexity UE can tune in step of 1 PRB (180 KHz) over the system bandwidth.
3
Conclusion
This contribution addresses the raised issues by RAN1 LS [2].  Based on our analysis, we propose:
Proposal 1: The retuning time for Rel-13 low complexity UE may be up to 1ms.
Proposal 2:  It is up to UE’s implementation to handle DC subcarrier.  No need to reserve the center subcarrier for Rel-13 low complexity UE DC.
Proposal 3:  There is no restriction on the Tx and Rx frequency separation for FDD Rel-13 low complexity UE.

Proposal 4:  The Rel-13 low complexity UE can tune in step of 1 PRB (180 KHz) over the system bandwidth.
These proposals shall be considered in RAN4 for LS response to RAN1.
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