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1. Introduction 
Small cells using low power nodes are a promising means for coping with the mobile traffic explosion, especially for indoor and outdoor hotspot deployments. The scenarios and requirements for Small Cell Enhancements are captured in 3GPP TR 36.932. A particularly interesting scenario for small cell deployment is one where the macro and small cell are assigned with different frequency bands, e.g. 800 MHz versus 3.5GHz.  This allows the small cell to enjoy wider bandwidths and greater throughputs. The small cell layer takes offloaded traffic from the macro layer for UEs with low and medium mobility (0-30km/h) and potentially for higher speed UEs of 50-80km/h. One use case of high speed UEs is to have small cells deployed along streets.  While the throughput benefits are likely to be the greatest at lower UE speeds, the radio link should be sufficiently robust to support control signaling, e.g. for mobility.   
In this contribution we provide link-level simulation results to show how well the UE can perform at 80km/h at 3.5GHz. We note that LTE has been designed to provide good performance up to 120km/h at 2GHz. The Doppler frequency of 80km/h with 3.5GHz is comparable to (slightly higher than) that of 120km/h at 2GHz. Hence we expect that the UE will be well supported up to  80km/h at  3.5GHz from a link level perspective.  
2. Simulation results 
High carrier frequency combined with high UE speed may cause excessive Doppler frequency shifts that in turn will degrade data throughput. 
· Under high Doppler frequency the channel changes rapidly in time domain and may vary within one OFDM symbol. This could affect the orthogonality among subcarriers and introduce inter-carrier interference (ICI). ICI reduces data resource elements (REs) SNR and hence limits the data throughput.

· Channel estimates may not be accurate. The channel estimates on data REs are typically obtained via interpolation from the channel estimates on reference signal (RS) REs. Due to the fast changing channel in time domain, the density of RS along time domain may not be enough thus interpolation may not produce accurate channel estimates. In addition, due to ICI the channel estimates at RS REs may not be accurate. 
· The gain of link adaptation could be limited. Due to the fast changing channel, the channel information used for link adaptation may be out of date. In addition, the inaccurate estimation of channel condition could lead the link adaptation to choose inappropriate MCSs.

In the simulation we consider UL performance. Due to the low UL RS density in time domain, the impact to UL could be more significant than that of DL. Table 1 shows the simulation parameters. 

	Parameter
	Value

	Carrier frequency
	3.5GHz

	System Bandwidth
	10MHz

	Number of Tx antennas
	1 or 2 (+/- 45 degrees, Xpol)

	Number of Rx antennas
	2 (+/- 45 degrees, Xpol)

	Channel model
	ITU UMi NLOS

	Channel estimation
	real

	Channel state information delay for link adaptation
	6msec

	HARQ 
	Enabled, maximum 4 transmissions


Table 1. Simulation parameters for UL 
Figure 1 shows the PUSCH BLER performance for 1x2 transmission with 64-QAM and different code rates under 3km/h and 80km/h. We observe that at 80km/h with 3.5GHz the UE can support up to 64-QAM with code rate 0.7. 
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Figure 1. PUSCH BLER for 1x2 transmission, 64-QAM with different code rates

Figure 2 and Figure 3 show the PUSCH throughput performance with link adaption assuming that the channel information used for link adaptation is 6msec prior to the data transmission. Figure 2 and Figure 3 show the throughput performance of one-layer and two-layer transmission, respectively. We observe that at 3.5GHz and 80km/h the UE can still achieve about 80% of the throughput at 3km/h.
Figure 2 and Figure 3 also show the throughput performance at 2GHz for different UE speeds. We note that under 2GHz the throughput loss at 120km/h compared to 3km/h is also about 20% (i.e., at 120km/h the UE achieves about 80% of the throughput at 3km/h) which is similar to what we observed for 3km/h and 80km/h at 3.5GHz.
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Figure 2. PUSCH throughput for 1x2 transmission
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Figure 3. PUSCH throughput for 2x2 with 2-layer transmission
3. Conclusions
Through simulations we compared UL BLER and throughput performance for UEs traveling at 3 km/h and 80km/h at 3.5GHz. The results show that at 80km/h the UE can support up to 64QAM code rate 0.7. Furthermore at 80km/h the UE can achieve about 80% of the throughput that can be achieved at 3km/h. From the link level perspective, the UE can be well supported on the uplink at 80km/h and 3.5GHz. Therefore, we conclude:
· The uplink (and therefore we expect the downlink) is sufficiently robust to support at least control signaling (e.g. for mobility) at 80 km/h and 3.5 GHz, and so it is reasonable to further study 50-80km/h UEs in small cells.
· Further study of other aspects including mobility mechanisms is needed to determine the throughput benefits of serving 50-80 km/h UEs with small cells.
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