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1.
Introduction

During RAN4#83 it was agreed to work on a description of a potential beam switching requirement [1].  Further, during RAN4 AH#2 additional considerations on beam switching requirement were presented [2].  In that contribution the applicability of the requirement as well as general testing aspects were presented.  Continued discussions identified that the aim of a beam switching requirement is to ensure adequate performance of analogue beam switching.  The performance is evaluated in this contribution in the form of a link level analysis.  This contribution will show that the impact of beam switching time on the throughput is likely to be minimal for any reasonable beam switching time.

As this contribution will illustrate, the impact on the overall performance due to beam switching delay times is negligible.  As such, careful consideration from RAN4 if time shall be spent on design of the requirement and conformance test is needed.  Since this contribution will focus mainly on the analysis of the link performance a companion paper [3] discusses the beam switching requirement in more detail.  
2.
Discussion
The latency/beam switching time of beam forming in the digital domain, which is done in base band, is minimal.  The update of phase and amplitude weights are implemented in baseband and hence individual RF transmitters need only to respond to the baseband changes.  Existing RF requirements such as TX ON/OFF time requirement, and OFDM symbol boundary changes which can affect RF components must still meet the EVM and unwanted emissions requirements. If analogue beamforming is used, on the other hand then the beam switching time may be more significant.
Even if considering the most pessimistic or poorly designed analog components, the beam switching time is not likely to exceed 200-300nsec.  It is likely that there are no components today that would require more time to update phase or amplitude weights.    
Beam switching or beam tracking requirements have been discussed as a potential requirement for NR.  The main aspects of interest discussed in this contribution is whether the impact of beam switching would inhibit throughput performance.  If the beam is switching from t1 to serve UE1 to t2 at which point to serve UE2 but this transition time is not a sharp step as illustrated in the figure below.  The peak EIRP value recorded may require a transient time of which the peak EIRP is not within the EIRP accuracy declared by the vendor.
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Figure 1: Beam switching illustration in time
Results shown below illustrate the throughput loss if the transition time between t1 and t2 cause a loss in the initial symbols due to beam switching.  However, beam switching time could reduce the length of CP available for covering the channel delay spread for the first OFDM symbol, and degrade receiver performance.  This degradation of the first symbol could degrade RX performance of the first codeword and cause retransmissions. However since it is the first samples of the CP that are not transmitted, the degradation will only occur for delay spreads that are large enough to cover the whole CP, and the loss will only be to the first few samples of the OFDM symbol.  The following figure is an illustration of the symbol in the first subframe with a CP% loss due to beam switching.
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Figure 2: Illustration of loss of CP samples from first symbol of each subframe
2.1 
Simulation Results
Simulations shown here for link level analysis have been performed for both 60 kHz (Figure 3 and 4) subcarrier spacing and 120 kHz (Figure 5 and 6) subcarrier spacing.  The simulation set up uses a samples loss from the CP at the beginning of every slot, so the results are even more pessimistic than for an original scenario described above for a loss of samples in the CP due to beam switching at the beginning of every subframe.  Even with this over estimation, the results show that the impact is very little.  For 60 kHz subcarrier spacing, 20% loss in CP corresponds to 260 nsec. It’s estimated at the loss in beam switch is in the order of 10 nsecs. This is an large CP loss due to a beam switch time that would correspond with a large loss in CP.  

In situations where a large delay spread occurs, the CP can help to recover the signal by use of channel equalization.  The beam switching time in high likelihood will be less than a channel which highest delay spread can be compensated for with the CP provisioned today.  
[image: image3.png]Throughput [Mbps]

250

200

150 |

100 |

50

—e— 100nS Delay Spread, No CP loss.
——#— 100nS Delay Spread, 20% CP loss.
——&— 3000 Delay Spread, No CPloss.

——— 300nS Delay Spread, 20% CP loss.

10 15 20 2
SNR [dB]

30




Figure 3: Link Level Analysis with 60 kHz SCS for 100 nS and 300 nS delay spread
Even with a highly pessimistic scenario as described here for the simulations where firstly the beam switch time occurs at the beginning of every slot and secondly also a large CP loss is considered as the beam switch time.  In the case of 120 kHz sub carrier spacing 130 nsec, 20% of CP, was considered for simulations and a larger provision for a beam switch time of a realistic value which is on the order of 10 nsecs.  However, by showing an extreme and unlikely scenario, it can be observed that the impact due to beam switching using analog devices is not an issue and therefore a requirement may not be needed.
To take the simulations one step further and look at the situation of a higher delay spread, 1000 nS Figure 4 shows that at most at high SNR only a 4% throughput loss is experienced.
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Figure 4: Link Level Analysis with 60 kHz SCS for 1000 nS delay spread
To look even further in detail, a high subcarrier spacing since the CP is shorter could impact the link performance.  As shown in Figure 5 with a delay spread of 100 nS and 300 nS there is still no loss in throughput when a CP loss of 20% is introduced to the beginning of every slot. 
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Figure 5: Link Level Analysis with 120 kHz SCS for 100 nS and 300 nS delay spread
2.2 
Minimum Beam Switch Time 
Another aspect to consider is the benefit a minimum beam switch time would provide.  Perhaps it should be better understood if there would be a benefit to the UE receiver processor for having a guaranteed maximum switch time.  As of now there are various synchronous signals used to align the beginning of the signal at the receiver.  As long as the switch time and the delay spread impedents are within the CP length the need for a minimum beam switch time is not needed. Additionally, in many circumstances if a UE receiver algorithm can adapt for a fast changing channel then surely a small delay in the order of 10 nsecs due to beam switch can also be compensated for.

The simulation results shown in the previous section do not consider any such UE receiver algorithms and here it is assumed that the UE receiver has no such knowledge of beam switching.  As the beam switch time is in the order of 10 nsecs and based upon analysis shown in section 2.1 there does not appear how the minimum beam switch time would be benefitical to the UE.
3.
Conclusion

In this contribution scenarios more suspectible to analog beam switching impairments have been analyzed.  In the companion paper [3], additional aspects are discussed and outlined the need for beam switching requirement.  As this contribution has shown, the performance is not impacted and therefore a requirement would most likely not be needed.  However, other analog RF component considerations in mm wave may affect link perofrmance and considerations as to requirement specifics (such as power or time metric) needs further study.
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