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1. Introduction
In this contribution we provide technical comments addressing the LS sent from RAN1 to RAN4 in RAN1 meeting #79 [1], [2]. 
2. Discussion
In RAN1 #79, two LS to RAN4 were created asking to provide guidance on “Support of Narrowband Operation for MTC” [1] and “Additional Aspects for MTC” [2]. In this contribution we provide technical comments addressing both LS.
2.1. LS on Support of Narrowband Operation for MTC
The text of the LS is reported below:
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
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.
The first RAN1 question is about the retuning across narrowband regions within the cell system bandwidth. The maximum retuning time should be 1ms. Note that this corresponds to the requirement already agreed for HD based on TX-RX retuning in case of single LO implementation. Therefore same requirement should apply for retuning across narrowband regions since the UE is essentially performing the same retuning.
Proposal 1: The maximum retuning time across narrowband regions within the cell system bandwidth should be 1ms. 
RAN1 also asked guidance on how to handle DC carrier. Assuming MTC will have narrowband processing when no more than 6RBs are allocated in DL, two possible cases need to be handle: the 6 RBs can be located in the center of the channel or being off from the center. In the latter case, the received signal needs to be down-converted and DC tone could be nulled out by the DC loop. However, how the DC subcarrier is handled depends on the specific receiver implementation. Indeed the way of handling the DC tone is specific to UE implementation, RAN4 in defining the performance test will assume that one of the tones is punctured. Therefore we suggest to leave to implementation how to handle the DC subcarrier.
Proposal 2: How to handle the DC tone is implementation specific, however, from a performance definition point of view RAN4 will assume that a tone is punctured.

Regarding Tx-Rx frequency separation, we can treat the HD and FD cases separately. For HD case, Tx-Rx separation does not represent an issue so there is no need to put any constraint. For FDD case, the DAC sampling rate reduction should be taken into account.Since the DAC sampling rate could be largely reduced (16x) for cost/power savings compared to legacy LTE, the periodic repetition of the Tx baseband spectrum could potentially fall in the Rx band creating interference. This issue should be evaluated and if needed, restrictions on Tx-Rx separation should be introduced.
Proposal 3: Tx-Rx frequency separation: for HD case there is no need to impose restrictions on Tx-Rx separation. Further evaluation is needed for the FDD case. 
Finally RAN1 asked advice about the channel raster within each link.  Since the LO of the UE will have to support entire bands we do not see any need to put constraints on channel raster (location of UL and DL). 
Proposal 4: The channel raster for each link should be fully flexible.
2.2. LS on Additional Aspects for MTC
The text of the LS is reported below:
For coverage enhancements, bundled transmissions are considered. RAN1 is considering time domain channel estimation filtering across multiple subframes. The design of the time domain channel estimation filtering depends on the phase continuity assumptions across the subframes within a bundle, even when the mobile is stationary. 
RAN1 would like to ask RAN4 to provide guidance on:

1. Phase continuity assumptions at least for UL to allow channel estimation filtering across multiple subframes in a bundled transmission where transmission power does not change within the bundle. 

In addition, RAN1 would like to ask RAN4 to provide guidance on:
2. Potential benefit of restricting supported modulation order for MTC to QPSK for UL and/or DL
3. Maximum power level of new power class
   RAN1 respectfully asks RAN4 to provide guidance on the above issues.

In order determine the phase discontinuity impact in a bundled transmission, we performed link level simulations assuming ETU 3km/h channel. Figure 1 shows the PUSCH BLER performance assuming 15 degrees phase shift every 5ms for a bundled length equal to 16 in ETU3kmh/ channel. The phase shift is randomly (±15°) injected every 5ms and kept constant over 5ms, channel estimation is performed by IIR filtering observations over the bundle size.

As it can be noticed, for all the simulated MCS the impact of phase rotation is negligible. Based on our simulation results we propose that a maximum of 15 degree phase shift every 5ms should be considered. 
Proposal 5: The assumptions for phase continuity should be no more than 15 degree phase shift every 5ms.
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Figure 1. PUSCH BLER Performance considering bundle length = 16, 1RB allocation and ETU3km/h channel. 15 degree phase shift is assumed once every 5ms.
Regarding the potential benefit of restricting supported modulation to QPSK for UL and/or DL, we do not see any significant benefit in this restriction. The requirements for EVM and PA linearity would be somewhat reduced (PA would have to support on QPSK), however, there could be a relatively large hit in system capacity. Furthermore, UEs that would be in good coverage would need twice the transmission time leading to power consumption losses.
Proposal 6: Supported modulation orders are QPSK and 16 QAM.
Finally, regarding the maximum assumed power level, PA implementation should be taken into account.  We believe that 20dBm should be considered as maximum power level for the new power class. This value would allow for on more flexible implementations such as on chip PAs while the coverage enhancement would compensate for the loss in Tx power.

Proposal 7: The maximum of new power class should be 20dBm.

3. Conclusion
In this contribution we analysed the LS sent from RAN1 to RAN4 on. The following proposal were made to provide guidance to RAN1:
Proposal 1: Proposal 1: The maximum retuning time across narrowband regions within the cell system bandwidth should be 1ms.
Proposal 2: How to handle the DC tone is implementation specific, however, from a performance definition point of view RAN4 will assume that a tone is punctured.
Proposal 3: Tx-Rx frequency separation: for HD case there is no need to impose restrictions on Tx-Rx separation. Further evaluation is needed for the FDD case.
Proposal 4: The channel raster for each link should be fully flexible.
Proposal 5: The assumptions for phase continuity should be no more than 15 degree phase shift every 5ms.
Proposal 6: Modulation order should not be restricted to QPSK.
Proposal 7: The maximum of new power class should be 20dBm.
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