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1 Introduction
.In RAN#66 meeting the updated WID for Further LTE Physical Layer Enhancements for MTC was approved [1]. According to corresponding time budget RAN4 work would start in RAN4#74 meeting. This contribution provides the overview for Rel-13 MTC impact on RF requirements.
2 Discussion
In the context of Further LTE Physical Layer Enhancements for MTC, we analyze the new rel-13 low complexity UE feature/type described in WID which have explicit impact on RF requirements firstly. In the latest WID [1], it states that,
· Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the following additional capabilities:

· Reduced UE bandwidth of 1.4 MHz in downlink and uplink.

· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs and non-MTC UEs should be supported. 
· The UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink.

· The allowed re-tuning time supported by specification (e.g. ~0 ms, 1 ms) should be determined by RAN4.

· Reduced maximum transmit power.

· The maximum transmit power of the new UE power class should be determined by RAN4 and should support an integrated PA implementation.

· Reduced support for downlink transmission modes.

· The following further UE processing relaxations can also be considered within this work item:

· Reduced maximum transport block size for unicast and/or broadcast signalling.

· Reduced support for simultaneous reception of multiple transmissions.

· Relaxed transmit and/or receive EVM requirement including restricted modulation scheme. Reduced physical control channel processing (e.g. reduced number of blind decoding attempts).

· Reduced physical data channel processing (e.g. relaxed downlink HARQ time line or reduced number of HARQ processes).

· Reduced support for CQI/CSI reporting modes.

As illuminated above a new Rel-13 low complexity UE category/type would be specified in this WID based on rel-12 category0 UE. Compared with category 0, the additional features, which should be considered for RF front-end implementation, consist of reduced UE bandwidth, reduced maximum transmit power, and relaxed transmit and/or receive EVM requirement. For potential new UE category with 1.4MHz UL/DL channel BW, RMC for both downlink and uplink should be reviewed. These new capabilities would be discussed one by one as follow.

Reduced UE bandwidth 

As the UE only needs to support 1.4MHz RF bandwidth in downlink and uplink in this WID, the 1.4MHz bandwidth of DL/UL FRC for category 0 shall be applicable for new UE category/type. Considering the PDCCH could not be utilized for Rel-13 low complexity UE, the note for PRB allocation needs further clarification to reflect the physical layer design.

About the frequency re-turning time, in the research of legacy release this topic for both LC-MTC HD-FDD and normal UE has been widely discussed and many companies have already shown their positions. We summarize the pure time dedicated for frequency retuning to facilitate the discussion.  
According to RAN4#70 the chairman’s note for UE behaviour after measurement gap in Rel-12 there are two groups for carrier switch behaviour, it was recorded that:
What’s the needed worst case switching time:
500 usec in each direction: E///, Qualcomm, Intel, Samsung, BRCM
<=300 usec in each direction: MTK, ZTE, HW, CATT
The ‘worst case switching time’ in the note is for switching from UL serving carrier to DL non-serving carrier or the time to switch back to serving carrier in RRM measurement with gap for legacy UE. 
However in the same RAN4 meeting, there was a discussion for HD-FDD TX-RX RX-TX switching time in RF session. The proposals from companies are collected in table below. One oscillator is assumed as baseline and the isolated frequency switching time consists of oscillator adjustment time and time for UE ramping up. As shown in table the proposed frequency switching time is in the range of 50~250us.
	Tdoc
	Source
	Proposal

	R4-140071
	MediaTek Inc.
	Observation: The RF switching time is 150 us in HD-FDD mode as one oscillator is considered.

	R4-140189
	Huawei, HiSilicon
	Proposal: switching time = oscillator adjustment time (230μs) + Time for UE ramping up (20μs) = 250μs

	R4-140341
	ZTE
	Proposal: For MTC UEs supporting HD-FDD operation, OFF-to-ON switching time should be 200us. ON-to-OFF switching time should be 200us also.

	R4-140433
	InterDigital
	Observation 2: The LO switching time to account for is driven by the frequency settling time which is in the order of hundreds of micro seconds. 

	R4-140574
	NEC
	Proposal 1: The Rx to Tx or Tx to Rx switching time in MTC UE should be of the order of 50 us.

	R4-140683
	Broadcom Corporation
	Observation2: To allow single LO implementations in HD-FDD only UE’s, 200us time should be allowed for LO adjustment in TX-to-RX and RX-to-TX switching.

	R4-140776
	Ericsson
	Observation #2: A typical PLL settling time to reach a stability of 0.1 ppm is on the order of several hundred usec.
Observation 3#: A minimum settling time for the MTC UE AGC will be at least 2 to 3 LTE symbols.


Reduced maximum output power

The performance of the PA in the UE would have particular impact on the transmitter requirements. Consequently, regarding the introduction of reduced maximum output power, all UE transmitter should be reviewed to adjust to the implementation of integrated PA.
For requirements of transmit power, new power class would be introduced for reduced output power level. The necessity of MPR/A-MPR should be checked together with relaxed EVM in accordance with the identified modulation scheme. The Pcmax tolerance would be re-evaluated as well. Furthermore, the Rel-13 MTC WID is further enhancement based on the Rel-12. Therefore, it is suggested to specify corresponding requirement based on the bands support LC-MTC in Rel-12 if no additional demand arises.
Regarding the series requirements of Output RF spectrum emissions, our understanding is that all the basic requirements for current power class, such as allocated bandwidth, ACLR, SEM, and spurious emission, could be reused. However, the additional requirements for SEM and spurious emission, which are related to certain A-MPR value, deserve further consideration.  
For other transmitter requirements, no extraordinary challenge is foreseen to reuse current specification for Rel-13 low complexity UE with lower maximum output power. The transmitter performance would relax to some extend due to reduced output power.
Relaxed transmitter /receiver EVM requirement

In R4-145455 RAN1 asked the RAN4 provide guidance on Potential benefit of restricting supported modulation order for MTC to QPSK for UL and/or DL. If the modulation order is restrict as QPSK for UL transmission, only the EVM requirement of 17.5% would be applied for Rel-13 MTC UE transmitter. In the case of DL transmission, the maximum input level of Rel-13 MTC UE should be verified with QPSK accordingly. Both sides imply relaxation in implementation, wide-area coverage due to no power back-off, as well as reduction terminal cost. 
Other than the capabilities adopted in WID, there are LSs for RAN1 [2] [3] asked guidance on following issues which are also related to RF front-end implementation:
· How to handle DC subcarrier & channel raster
The Rel-13 low complexity UE only needs to support 1.4 MHz RF bandwidth in downlink and uplink, and should be able to operate within any system bandwidth. Therefore, when MTC UEs are served in 5/10/15/20MHz bandwidth system, we need to decide the DC subcarrier allocation. 
Before dealing with the DC subcarrier location, we believe the channel raster should be determined first. It is not recommended to narrow down the legacy channel raster of 100 kHz. Decrease in channel raster means the increase of LO performance. This results in challenge for implementation and higher terminal cost, which is not supposed to be happened in the context of low complexity UE. With reduced channel raster the E-UTRA Absolute Radio Frequency Channel Number (EARFCN) also would be impacted, and both RAN2 and RAN4 specification would be affected. This is the other drawback. Therefore, we proposed to maintain the 100 kHz for channel raster.
With the restriction of 100 kHz channel raster, the RF carrier frequency may not locate in the centre of 6PRB, but still should be the centre frequency of 1.4MHz bandwidth. It is proposed that the carrier frequency should be select as centre frequency of 1.4 MHz and minimize the asymmetry of guard bands. Hence the output UE transmitter spectrum emission requirement could be achieved for MTC UE as well. 
In addition, the distortion on the subcarrier due to direct conversion (zero IF) receivers still exists in the case of Rel-13 MTC UE. It is RAN1 responsibility to decide whether the subcarrier which is impacted could be used or not.      
Two proposals are suggested to be taken into account for the selection of DC subcarrier for Rel-13 MTC UE:
Proposal 1: The DC subcarrier should be chosen in the centre frequency to minimize the asymmetry of guard band in 1.4MHz bandwidth.
Proposal 2: The channel raster of 100 kHz should be reused for Rel-13 MTC UE.

· Tx-Rx carrier center frequency separation within system bandwidth
In current E-UTRU UE RF specification default E-UTRA TX channel (carrier centre frequency) to RX channel (carrier centre frequency) separation is specified in table 5.7.4-1 for FD-FDD to facilitate the duplexer design. The normal understanding is that this separation of center frequency is applied for operating channel of FD-FDD. But in the paired channel bandwidth, which default Tx-Rx carrier center frequency separation is fulfilled, the system has the flexibility for PRB allocation within the system bandwidth.

Both HD-FDD and TDD carry the advantage that terminals are developed without need for duplexers, thus simplifying the design and without the restriction of corresponding frequency separation. 
· Phase continuity
The problem of phase discontinuity arose from the discussion for cross-subframe channel estimation in RAN1. In E-UTRA specification there is no requirement for phase discontinuity. However, similar requirement could be found in UTRA FDD specification, which could be taken as reference. It seems that the PA power mode switching has particular impact on the phase continuity. According to the measurement results in UTRA stage, the phase discontinuity significantly increased when terminal with output power closed to maximum value. In reality, the problem is more severe as actually phase varies with temperature, carrier frequency, and battery supply voltage. We believe more discussion is needed for this issue, especially for TDD side.  
3 Conclusion

In this contribution we provide initial discussion on the Rel-13 MTC WI impact on UE RF requirements. Two proposals are suggested as following:
Proposal 1: The DC subcarrier of Rel-13 MTC UE should be chosen in the centre frequency to minimize the asymmetry of guard band in 1.4MHz bandwidth.
Proposal 2: The channel raster of 100 kHz should be reused for Rel-13 MTC UE.
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