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Introduction

This contribution provided further details to the justification and objective of the new proposed SID (see appendix) to study the feasibility (i.e. evaluating, analyzing and specifying) of 256QAM for higher power class BSs.  Specifically, this should involve the 256QAM performance assessment, analyze and how to specify the BS RF core requirements and conformance/testing requirements. Some UE aspects could also be considered in the SID. 
Note the proposal here is for RAN4 to start as SID, as a precursor to the work item, if deemed feasible. Hence, the difference between WID and SID therefore is negligible (in terms of feature availability, completion, progress, etc.) in this case with the way the SID’s objective(s) is structured. 

Discussion 
ZTE believes that more benefits can be harnessed by utilising 256QAM modulation for higher power class BSs, in conjunction with advanced coding. Such technique can improve the overall system throughput performance by for instance leverage the SNR degradation due to frequency selective fading channels. Hence, this is the main technical motivation of the SID. 

Although 256QAM has been proposed under the SCE theme, it is also possible to be used in micro- and macro- level deployments. Of course, the 256QAM utilisation area will be relatively smaller for those deployment scenarios. However, due to beamforming capability of the base station (e.g. AAS-capable), it can increase the 256QAM utilisation area. For example, field trial had been carried out on FLASH-OFDM system utilising 256QAM. The trial showed that it is feasible to deploy 256QAM in urban area [Feasibility study of downlink transmission with 256 QAM based on results of MBWA system field trial, IEEE paper]. By combining good quality RF transceiver and baseband detection for 256QAM, it is possible to implement 256QAM in existing LTE base station, in the downlink to increase the downlink data rate. It is therefore worthwhile for 3GPP to explore the feasibility of 256QAM, in particular what kind of quality of the BS RF transceiver has to be, how highly linear the power amplifier must be, how good the baseband signal detection needs to be, etc. 
Coincidently, in RAN4#70, the RAN4 part of SCE [1] was kick-started [2 – 7]. The following proposals were agreed:

· Proposal 1: There is no need to define UE Rx EVM in current UE specification. 

· Proposal 2: Define maximum input level requirement for 256QAM
A contentious issue was raised whether the higher BS power class (i.e. >24 dBm) should be considered in the RAN4 SCE work. As a result, LS was sent to RAN/RAN1 to seek clarification on the issue, as in [8]. Note that the LS could result in two eventualities; to specify RAN4 requirements for 256QAM for <24 dBm under SCE, to specify RAN4 requirements for 256QAM for all >24 dBm cases under SCE. It can be shown that the first eventuality has lesser impact on RAN4 BS specifications than second eventuality. The impact mainly concerns how to specify the RF requirements for 256QAM in the specifications. 
Proposal for the LS in [8] (ZTE’s view): In order to mitigate the insufficiency of 256QAM scope of work, it is vital to limit the SCE work to <24 dBm small cells BS classes and leave the higher power BS classes to a separate SID. This will ensure systematic support of 256QAM in a release independent manner, which is beneficial for operators and vendors. So, response to LS in [8] along this line is preferred. We further pointed out that
1. RAN4 or RAN1 have not studied the implication of supporting 256QAM for higher power BS classes. This is inline with the comments received from proponents of SCE during the RAN4#70 meeting.  

2. To ensure timely completion of SCE work in RAN4. 

Further justifications to the proposed SID are as follows:
Justifications of SID
Higher order modulation technique using 256QAM has been implemented in many wireless communication systems such as WiMAX, WiFi (e.g. IEEE 802.11ac) and microwave transmission system. 256QAM can carry 8-bit information per modulated symbol. Therefore, higher data rate can be achieved by using 256QAM.
Higher order modulation using 256QAM can work as part of adaptive modulation and coding (AMC) to give LTE system the optimum throughput performance under the frequency selective fading channel. When the SNR some LTE subcarriers drop below the higher order modulation level, lower modulation order and higher coding rate can be used to mitigate the fading. Then, for those LTE subcarriers that experience good channel condition, the relatively higher SNR of those LTE subcarriers can employ 256QAM to maintain high data throughput performance. 

Currently, 256QAM is proposed for small cell enhancement in the downlink direction. With the advance of RF technology (i.e. availability of RF chipsets to support 256QAM), the micro-, medium-range and macro- BS classes could also be used to increase the probability of 256QAM utilisation further. Hence, it is proposed to study the feasibility of supporting 256QAM for those higher power BS classes.   
Objectives of SID
As a precursor to specify the performance requirements for 256QAM, it is proposed to study the followings: 

· Feasible and suitable solution(s) towards RF requirements, especially for EVM requirement. Example of some possible solutions include PA power backoffs, digital pre-distortion (DPD), different RF requirements for different power level or the compromise between the cost/size and RF requirements, etc. The solution(s) will focus on:

· Tx output power level of larger than 24dBm. Some typical values such as 33 dBm, 37 dBm, 38dBm and 43dBm can be considered.
· Include both UTRA and E-UTRA BS as the hardware capability is similar for both systems. 

· Identify the impact to UE RF, if any. 

· To obtain the achievable performance requirement levels, taking into consideration of several factors or impairments in the hardware of BS transmitter.
Some considerations on RAN4 Work Load 

From the current RAN4 workload perspective, a well-defined SID to study the technical aspects of 256QAM for high power BS classes will be beneficial to ensure efficient use of meeting time and delegate resources. Figure below illustrates the predicted load for the SID. It is estimated that four RAN4 meeting cycles will be needed. Given the fact that the load decreases with each meeting, the number of TU required will also be reduced accordingly. 
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Conclusion 
Based on the above considerations, a new SID is the best way forward to systematically study and specify the 256QAM for the higher power BS classes. 
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3
Justification

Higher order modulation technique using 256QAM has been implemented in many wireless communication systems such as WiMAX, WiFi (e.g. IEEE 802.11ac) and microwave transmission system. 256QAM can carry 8-bit information per modulated symbol. Therefore, higher data rate can be achieved by using 256QAM.
Higher order modulation using 256QAM can work as part of adaptive modulation and coding (AMC) to give LTE system the optimum throughput performance under the frequency selective fading channel. When the SNR some LTE subcarriers drop below the higher order modulation level, lower modulation order and higher coding rate can be used to mitigate the fading. Then, for those LTE subcarriers that experience good channel condition, the relatively higher SNR of those LTE subcarriers can employ 256QAM to maintain high data throughput performance. 

Currently, 256QAM is proposed for small cell enhancement in the downlink direction. With the advance of RF technology (i.e. availability of RF chipsets to support 256QAM), the micro-, medium-range and macro- BS classes could also be used to increase the probability of 256QAM utilisation further. Hence, it is proposed to study the feasibility of supporting 256QAM for those higher power BS classes.   

4
Objective

4.1
Objective of SI 

As a precursor to specify the performance requirements for 256QAM, it is proposed to study the followings: 

· Feasible and suitable solution(s) towards RF requirements, especially for EVM requirement. Example of some possible solutions include PA power backoffs, digital pre-distortion (DPD), different RF requirements for different power level or the compromise between the cost/size and RF requirements, etc. The solution(s) will focus on:

· Tx output power level of larger than 24dBm. Some typical values such as 33 dBm, 37 dBm, 38dBm and 43dBm can be considered.
· Include both UTRA and E-UTRA BS as the hardware capability is similar for both systems. 

· Identify the impact to UE RF, if any. 

· To obtain the achievable performance requirement levels, taking into consideration of several factors or impairments in the hardware of BS transmitter.
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additional comments to the time budget proposal:
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