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1 Background

RAN1 sent out an LS to RAN4 for some guidance on the following points, particularly in relation to 256QAM in the LTE downlink:

· Practically achievable EVM values to assume for DL higher order modulation (for power levels 20dBm, 24dBm, 30dBm and 37dBm) 
· The UE receiver impairments (with suitable quantitative values if possible) that should be assumed to be applicable to signal reception in high geometries that are likely to be relevant for DL higher order modulation, and appropriate techniques or methodologies for modelling such impairments
· Any other information that would help RAN1 in its evaluation of higher order modulation for DL operation in small cells 
In this contribution we first give the latest background information and status update on the studies/ implementations of 256 QAM in the industry, i.e. LTE and WiFi.

After that we analyze the potential impact on EVM from BS implementation point of view and show that it is feasible for low power BS to support 256QAM.

2 Background information: LTE small cell vs. WiFi 802.11ac

In 3GPP, 256 QAM for the downlink was firstly proposed in the study item proposal for Small Cell Enhancements for E-UTRA [1] and later accepted by RAN plenary meeting #58 as one area to be studied for the potential enhancements to improve the spectrum efficiency. 

It was not the first time that 256 QAM was introduced to the wireless communication standards. Prior to 3GPP, 256 QAM has already been introduced into IEEE 802.11ac (WiFi), which is a wireless computer networking standard of 802.11 that has currently almost been finalized. 

It is also indicated in [2] that some mainstream vendors have already released their chipsets for commercial routers supporting 256 QAM, as in Table 1 below:

Table 1 Chipsets supporting 256 QAM (data comes from internet)

[image: image1.png]Vendor |  Part# ¢ Streams ¢ |LDPC ¢ |TxBF ¢ 256.QAM ¢ | Applications ¢
Broadcom  |4360% 3 Y Y Y Routers.
Broadcom  [4352% 2 Y Y Y Tablets.
Broadcom 4335 1 Y Y Y Handsets.

Marvell Avastar 888897 (B2 Y Y Y Tablets.

Marvell Avastar 888864 |3 Y Y Y Routers.
MediaTek MT76108 1 ? ? ? PC (PCle or USB)
MediaTek MT76508 1 ? Y Y Handsets
Qualcomm | WCN3680 & 1 Y Y Y Handsets
Qualcomm | QCA862 2 Y N Y Tablets.
Qualcomm | QCA860% 3 Y N Y Routers.
Quantenna | QAC2300 3 4 Y Y Y Routers.

Redpine Signals|RS9117 3} 1 Y ? Y Handsets.
Redpine Signals | RS9333 5 3 Y ? Y Routers.





The background information above clearly shows that on the industry level, it is already feasible, especially for the low power small cell, to support 256 QAM in the network. 

This latest status should particularly be taken in to account when we discuss the feasibility of implementing 256 QAM in 3GPP Small Cell SI phase.

In the next section we give our detailed analysis on the potential impact on EVM from BS implementation point of view.
3 Discussion

EVM is a key requirement of signal modulation quality to guarentee system throughput. High order modulation gives high spectrum efficiency but at the same time requires good EVM requirement in order to achieve the SNR level as required for demodulation. The existing EVM requirements defined in TS36.104 is copied as below:
Table 6.5.2-1 EVM requirements 

	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %


It can be expected 256QAM would require a tighter EVM requirement than 64QAM. Therefore, we need to analyze the feasibility of low power BS supporting a tighter EVM requirement, i.e. lower than 8%.

In BS implementation, EVM is mainly caused by three contributing factors: phase noise in local oscillator (LO), clipping noise caused by CFR (Crest factor reduction) algorithm, and PA non-linearity. If the EVM contribution due to each factor can be obtained, the total EVM of the BS transmitter can be obtained assuming the noise introduced by each factor is uncorrelated. Below we investigate practically achievable EVM due to each factor.

Phase noise contribution in local oscillator
LO is typically implemented with a PLL (phase-locked loop). Phase noise comes from the imperfection of analog components like frequency synthesizer and VCO in the PLL. To achieve better EVM, better components and better design of PLL can be adopted. For example, fraction N frequency synthesizer can dramatically improve phase noise by higher phase detector frequency and proper loop filter bandwidth also can decrease phase noise impact of VCO. A lot of commercial frequency synthesizers and VCOs can form a PLL with very good phase noise performance. An example of phase noise by a typical commercial LO generator for 2.6GHz is shown as figure 1. It is worth noting that the achieved EVM by this LO generator is as low as 1~2%.
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Figure 1 An example of phase noise by a typical commercial PLL

CFR algorithm contribution

CFR module is always used in base station as an efficient way to reduce the signal PAPR, thereby reducing the PA nonlinear distortion and improving the power efficiency of the transmitter front-end. CFR algorithm has a great impact on EVM performance. But this contributing part of EVM can be removed at the expense of power efficiency, since lowering clipping threshold would bring down PAPR while increasing EVM. In Figure 2, the simulation result of PAPR for 64QAM after CFR module is shown with respect to EVM impairment as an example, where the PAPR of initial OFDM signal without clipping is about 10dB. It can be seen from the figure that better EVM could be achieved even with CFR algorithm, depending on the clipping threshold used. For OFDMA modulation scheme, 256QAM results in a similar PAPR as 64QAM does. So the same effect as shown in Fig. 2 can be observed for 256QAM.
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Figure 2 PAPR for 64QAM with different clipping threshold vs. EVM impairment
PA non-linearity contribution

For high power BS, DPD (digital pre-distortion) is always used to calibrate out the PA nonlinear distortion. In this case, the ACLR performance as well as in-band SNR performance is not sensitive to the power back-off. But for low power BSs, DPD may not be utilized because of cost consideration. In this case, power back-off will play an important role in EVM performance. Some back-off from the maximum power will result in much better EVM.

For a BS, the highest order modulation that is supported decides what PA linear capability is needed because of its highest EVM requirements. Support of higher order modulation in the same power capacity will result in a costly PA and more power consumption.

Test data

In this section, some test data of commercial BS is provided for reference. One particular note is that EVM performance for a BS is a combined result from each contributing part discussed above and is also a result of trade-off among performance, cost and power consumption. Figure 3 shows typical EVM performances for a commercial Micro BS with rated total output power of 37dBm per antenna connector. It can be seen that with a few dB power back-off, the achieved EVM is in the range of 1.5~3%. For small cells where low transmit power is expected, such level of power back-off can be fully afforded. This would mean that the EVM less than 3% is feasible.
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Figure 3 Typical EVM performances for a commercial Micro BS
4 Summary

In this contribution, we give the latest background information and status update on the studies/ implementations of 256 QAM in the industry and then analyzed EVM performance through each main factor. Based on our analysis, the following conclusion can be reached: 

For low power BS, better EVM, i.e. less than 3%, can be achieved with acceptable amount of power backoff and proper use of PAPR threshold. With power backoff, current PA module can be reused. Also, as the power backoff is small, it is believed the impact on small cell is acceptable. 

Therefore, it is proposed to send a reply LS to RAN1 in line with the above conclusion. 
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