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1
Introduction

The Rel-13 WI on enhanced MTC and coverage enhancements [1] is currently under investigation in RAN1.  One RAN1 LS [2] to RAN4 is asking potential issues on i) phase continuity, ii) restricting modulation order to QPSK for UL and/or DL, and iii) maximum power level for new power class.  
The LS [2] is quoted here:

1. Overall Description:

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

2. Actions:

To RAN4 group
ACTION: 
RAN1 respectfully asks RAN4 to provide guidance on the above issues.
This contribution is addressing the LS [2], with analysis on these three issues from RAN4 point of view.  The phase continuity over multiple subframes, restricting modulation order, and the new power class are discussed in the paper.  
2
Discussion
2.1
Phase continuity across multiple subframes
Based on the LS, RAN1 is concerned about the phase change across multiple subframes for bundled transmission in coverage enhancements.  The phase change over multiple subframes could make the propagation channels change over bundled subframes.  The changed propagation channels could degrade channel estimation performance for joint estimation over multiple subframes.  RAN4 needs to study whether the UE Tx phase change is significant enough to impact channel estimation performance over bundled transmission.
During the previous study on UL-MIMO, RAN4 had conducted phase continuity study under relative phase discontinuity (RPD) [5][6], through UE measurements [5] and statistical model [6].  For UL-MIMO, there was a concern on the potential relative phase change between SRS and eNB scheduled UL transmission.  UE measurements on phase change through PA power swapping were studied with lab tests [5].  Based on the lab test results, a statistical model was applied to model UE Tx phase change [6].
As observed in the UE measurement and in the math modeling, the dominant UE Tx phase change is due to the Tx power change.  As observed in [6], there are three events that may impact Tx phase change:
i. No Tx power change ( little phase change;
ii. Tx power ramp up/down without PA mode switching ( phase change in the order of multiple degrees;
iii. Tx power ramp up/down with PA mode switching ( significant phase change in the order of 20deg~30deg.

The coverage enhancement is more concerned about UE phase shifting over time without UE Tx power change.  It is likely that UE Tx power will be constant over bundled transmission.  Therefore, it is perceived that the phase change could be small, based on the UE measurement results in [5].  At least there would be insignificant impact in the performance of channel estimation over bundled transmission.

However, previous studies were focused on the phase difference between SRS transmission and eNB scheduling for UL-MIMO.  The UE measurements in [5] were focused on the PA power change.  The measurement results did not systematically show the PA shifting phase over time.  It is still not clear about the cumulative phase shifting over a long period of subframes.  To conclude the potential impact of phase shifting, RAN4 shall provide more study on this.
Proposal 1: RAN4 shall conduct further study on phase shifting over long period of time. 
2.2
Potential benefit for restriction of supported modulation order
The 2nd question of LS [2] addresses potential benefits for restriction modulation order, such as QPSK only for UL.  One potential benefit of using QPSK-only modulation for UL is the relaxed EVM requirement for UE.  Instead of 12.5% EVM for 16QAM, the EVM of QPSK modulation is 17.5%.  Using the more relaxed EVM requirement might tolerate less complicated transmitter implementation to save cost.  

Proposal 2: Inform RAN1 on potential EVM relaxation from 12.5% to 17.5% with QPSK-only modulation.
2.3
Maximum power level of new power class
A new UE power class with reduced maximum transmit power is considered in RAN1 to support an integrated PA implementation.  The integrated PA could be able to reduce MTC device complexity.  However, the reduced maximum transmit power could impact overall network capacity, as pointed out in [3].
The reduction in capacity for different maximum UE transmit power is shown in the table, based on [3] with data model in [4].
Table 1    Normalized system-level capacity -- 1000 bits/5 mins [3]

	Maximum UE Tx Pwr (dBm)
	3GPP Case 1
	3GPP Case 3

	23
	1.00
	1.00

	20
	0.99
	0.55

	17
	0.96
	0.26

	14
	0.87
	0.12


The results show the impact of reduced UE maximum Tx power.  For 3GPP case 1 (interference limited scenario), there is only small impact; while for 3GPP case 3 (noise limited scenario), the impact to the system-level capacity is significant.
With the potential impact on system-level capacity, RAN4 shall be very careful to introduce new power class.  We propose to consider potential network impact for any introduction of new UE power class.
Proposal 3: RAN4 shall consider potential network impact for any introduction of new UE power class.
3
Conclusion
The LS [2] raised issues on phase continuity, QPSK-only modulation, and the new power class, are discussed in the contribution.  Our proposals are:
Proposal 1: RAN4 shall conduct further study on phase shifting over long period of time. 

Proposal 2: Inform RAN1 on potential EVM relaxation from 12.5% to 17.5% with QPSK-only modulation.

Proposal 3: RAN4 shall consider potential network impact for any introduction of new UE power class.
Reference

[1]
RP-141660
“New WI proposal: further LTE physical layer enhancements for MTC”, Ericsson, Nokia Networks, RAN #65, September 2014

[2]
R1-145455 
“LS on Additional Aspects for MTC”, Qualcomm, RAN1 #79, Nov 2014
[3]
R1-144989
“Impacts of reducing the maximum UE power”, Nokia Networks, Nokia Corporation, RAN1 #79, Nov 2014.
[4]
TR 36.888
“Study on provision of low cost Machine-Type Communications (MTC) User Equipments (UEs) based on LTE,” V12.0.0, June, 2013.

[5]
R4-121122
“Measurement results of relative phase difference”, Nokia, RAN4 #62bis, March 2012.
[6]
R4-124032
“Statistical model on relative phase discontinuity of UL-MIMO”, NSN, Nokia Corporation, RAN4 #64, Auguest 2012.
