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1
Introduction

This paper is the continuation of the discussion of related Rel-13 MTC issues, raised by two RAN1 LS [1][2], following our previous discussion papers [3][4].  

These RAN4 issues that are raised by the two RAN1 LS [1][2] are listed here for reference.  The issues from [1] are:

1. Retuning time, for returning between narrowband regions within the cell system bandwidth;

2. DC subcarrier, on whether the center subcarrier shall be reserved for Rel-13 LC-MTC UE;

3. Tx-Rx carrier frequency separation

4. Channel raster.

The issues raised by [2] are:

1. Phase continuity across multiple subframes;

2. Potential benefit for restriction of supported modulation order;

3. Introduction of a new power class with lower maximum UE Tx power.

All these issues have been addressed in our previous contribution in [3] and [4].  During the last RAN4 meeting, there was no agreement on the LS response to [1].  For the LS [2], a LS response [5] is agreed and has sent to RAN1.  The agreed LS response [5] indicates that RAN4 needs further study on all these three issues.  Therefore, all 7 issues raised by the two RAN1 LS have not reached conclusions in RAN4.
2
Discussions
2.1
Retuning Time
The retuning time is addressing UE’s capability to switch from one MTC narrow bandwidth to another.  This will facilitate potential new design in RAN1 to a narrow bandwidth MTC UE 6 PRBs anywhere within the cell system bandwidth.  The question is how long the retuning time could be when the UE is switching from one 6 PRB region to another.
Although MTC UEs have the freedom of implementation of 6 PRB by using either wideband RF or narrowband RF, the later choice could be a viable solution with consideration of implementation cost.
During the last RAN4 meeting, it is generally agreed that the retuning time is needed but there is no agreements on the length of the retuning time.  Many companies prefers of using 1ms as the retuning time, which is similar to the Tx/Rx switching gap for Rel-12 half-duplex FDD UE.  The alternative view is that the returning time can be less than 1ms.
It would be agreed that the actually retuning time from one 6 PRB region to another could be less than 1ms.  For example, one proposal in [6] suggested 350 us, as PLL settling time.  However, the 350 us retuning time will still make the next subframe unusable.  The UE will have to discard the whole subframe during the retuning anyway.  Based on this, we shall propose to reuse the 1ms as the retuning time.
Proposal 1: The retuning time for Rel-13 low complexity UE may be up to 1ms.

2.2
DC subcarrier

The DC subcarrier is the question on whether UE is capable to handle DC subcarrier, when the MTC is allocated anywhere other than the central 6PRB region in the system bandwidth.  The potential problem for the UE could be DC leakage that might impact UE’s performance at the DC subcarrier and its neighborhood subcarriers.
The potential DC subcarrier impact is a UE implementation issue.  If a DC-free IF implementation is applied, there will be no interference to the DC subcarrier.  Alternatively, if one UE’s implementation suffers DC leakage that will impact the Rx performance for the related subcarriers, the UE may choose to discard the DC subcarrier to take performance degradation.  The performance loss depends on the number of allocated PRBs; the loss can range from 1/72 (6 PRB) to 1/12 (1PRB).  The degradation is not foreseen significant with typical UE implementation.
Proposal 2: No need to reserve the center subcarrier for Rel-13 LC-MTC UE.  
2.3
Tx-Rx carrier frequency separation

The RAN4 specification TS36.101 [7] defines the default Tx-Rx centre frequency separation for FDD UE (Table 5.7.4-1).  The Tx/Rx frequency separation is band specific.  It is also noted in Section 5.7.4 of [7] that
“The use of other TX channel to RX channel carrier centre frequency separation is not precluded and is intended to

form part of a later release.”

The new Rel-13 MTC design suggests a flexible DL/UL allocation for MTC UE.  The narrowband DL and narrowband UL regions can be allocated anywhere within the system DL/UL bandwidth.  Note that the existing RAN4 specification such as REFSENS has already considered the DL/UL duplexer impact.  It is not likely there will be any impact on UE performance. 

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

Section 5.7.2 of 36.101 [7] specifies UE’s channel raster as

“The channel raster is 100 kHz for all bands, which means that the carrier centre 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.
2.5
Phase continuity

The RAN1 LS [2] concerned about the potential large phase change across multiple subframes for bundled transmission in coverage enhancements.  This is a UE Tx issue, indicating whether the Tx phase change over multiple subframes is significant enough to impact channel estimation performance over bundled transmission.
One RAN4 contribution [8] indicates that the performance impact for PUSCH bundle is insignificant if the phase continuity is no more than 15deg every 5ms.  From this point of view, it may require to limit UE Tx phase performance to ensure minimum impact on bundle PUSCH performance.

As discussed in [4], previous RAN4 studies under UL-MIMO suggested that significant UE Tx phase change depends on Tx power ramp up/down (with and without PA mode switching).  If there is no Tx power change, or no PA mode switching with Tx power ramp up/down, the Tx phase change is in the order of multiple degrees.  Without further UE testing data, this may suggest that UE can satisfy the phase continuity condition (<=15deg every 5ms) with bundled PUSCH transmission, where Tx power will be kept constant.

Observation: UE may satisfy the phase continuity condition with bundled PUSCH transmission.
2.6
Restriction of supported modulation order

The potential benefits for restriction modulation order to QPSK were asked in the RAN1 LS [2].  From RAN4 point of view, there is no much benefit other than the relaxed EVM requirements (QPSK vs 16QAM), which might be beneficial for UE cost saving.

Proposal 5: Inform RAN1 on potential EVM relaxation from 12.5% to 17.5% with QPSK-only modulation.
2.7
Introduction of a new power class with lower maximum UE Tx power
The discussion on whether a new UE power class with reduced maximum Tx power is introduced for Rel-13 MTC is basically a RAN1 issue.  The motivation is the application of integrated PA for MTC UE implementation.  

Based on our previous contribution [4], we pointed out that there will be network impact when the UE Tx power is reduced.  The network impact shall be considered for the introduction of any new UE power class.

Proposal 6: RAN4 shall consider potential network impact for any introduction of new UE power class.
3
Conclusions
This contribution addresses the Rel-13 MTC issues raised by two RAN1 LS.  Based on our discussion, for phase continuity, we observed that
Observation: UE may satisfy the phase continuity condition with bundled PUSCH transmission.
On retuning time, DC subcarrier, Tx/Rx frequency separation, channel raster, reduction of modulation order, and new UE power class, we propose that 
Proposal 1: The retuning time for Rel-13 low complexity UE may be up to 1ms.
Proposal 2: No need to reserve the center subcarrier for Rel-13 LC-MTC UE.

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.

Proposal 5: Inform RAN1 on potential EVM relaxation from 12.5% to 17.5% with QPSK-only modulation.
Proposal 6: RAN4 shall consider potential network impact for any introduction of new UE power class.
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