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1 Introduction
For normal channel bandwidths, NRB is defined in terms of meeting the reference receiver sensitivity in order not to degrade the Intra Frequency mobility measurements [1].  

In this contribution on additional channel bandwidths we look at the impact of the average and edge of cell throughput when the allocated NRB will degrade the reference receiver sensitivity.  In this case the requirements for additional channel bandwidths can be defined in terms of an allowed maximum reduction in sensitivity (MSR) for FDD duplex operation. The motivation is to investigate if this mode of operation has an impact in terms of system throughput as there may be other alternatives to resolve the Intra –Frequency mobility measurement problem which are also discussed in this contribution. 
2 Analysis

2.1
UE Configuration 

The UE configuration is shown below
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In our self –interference analysis we assume; 

a) Same maximum UL and DL channel bandwidth 

b) UE is transmitting at maximum power (23 dBm) 
c) Full RB allocation is being transmitted starting from worst channel edge
d) Full RB allocation is being received 

e) OOB emissions from the Tx is attenuated by -50 dBc by the duplex filter. This -50 dBc value takes into account 



-
Duplex filter manufacturing tolerance



-
Stop and Pass band attenuation for worst case channel for the operating band


-
Performance over full operating temperature

f) Leakage power is significantly higher than reference sensitivity 
g) Leakage power will affect  Rx affect Intra – frequency measurements 
h)
Support for a specific channel bandwidth is only defined with respect to receive sensitivity and does not address other RF parameters like spurious emissions .etc
2.2 Simulation assumptions
The model used to study impact of self –interference is shown in Figure 2.2-1. 
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Figure 2.2-1 Receiver noise floor increase vs. Tx RB allocation vs.  freq offset
The Self interference power,
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 For the additional channel bandwidth investigated for the 50 RB columns are shown in red in Figure 2.2-2 
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Figure 2.2-2 Receiver noise floor increase vs. Tx RB allocation vs.  freq offset
2.4
Noise rise impact on self –interference 

As shown in Figure 2.4-1, noise floor increases as a function of number of Tx RBs and delta frequency offset between Tx RB(s) and Rx Channel, when there is self interference due to insufficient duplex gap. For a narrow duplex gap we see that even a moderate increase in NRB   is sufficient to cause a noise rise due to self interference 
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Figure 2.4-1 Receiver noise floor increase vs. Tx RB allocation vs.  freq offset

2.5 Network impact assessment
Here, we investigate the impact of UE self inference on downlink throughput using the self-interference model shown in Figure 2.4-1. We assume case 3 deployment scenario as defined in RAN1 (2 GHz, 1.73Km ISD, 20dB penetration loss). For this scenario, it is expected that the UEs will operate more frequently at maximum transmit power.  Figure 2.5-1 shows the distribution of uplink RBs generated by a typical scheduler.  As shown in the figure, the number of RBs (NRB) assigned by the scheduler to any particular user is typically much less than 50 and usually less than 25. Since the increase in noise floor due to self interference is linked to uplink RB allocation (as shown in Figure 2.4-1), it can seen that,  for a typical multi user deployment , impact of self-interference on network throughput will not be significant.
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Figure 2.5-1 Typical RB allocation for 10MHz 
(Deployment scenario Case 3, 10users/cell) 
Network throughput results are shown in Figure 2.5-2. Results show that, due the relatively small uplink RB allocations seen in a multi-user scenario, even with a narrow duplex gap, the impact of self-interference (desense), on overall average and cell edge throughput is small. 
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Figure 2.5-2 Impact of Self- interference on Downlink throughput
(Deployment scenario Case 3, 10users/cell) 
These are preliminary results and we are currently investigating other deployment scenarios. 
2.6 

Mobility measurement impact of self – interference 

In previous sections we have observed operating a UE in a self- interference region would not impact system throughput significantly.  However, we still need to address the concern that self-interference will impact the UE’s ability to make a measurement for Intra –frequency mobility 
Results shown in [1] show 18 RB transmitting at maximum power provides no self interference for all channel bandwidth / operating bands. However, this fixed value of NRB may place constraints in terms of scheduler design.  It is also likely that this number would need to be reduced for bands which have not been analysed i.e. 700 MHz which as we indicated in [2] suffer from very narrow duplex gap and poor duplex filter performance.

 One possibility that may address this impact on measurements is for RAN to define a UL only measurement option for these operating bands.  In a conventional asynchronous network deployment such gaps would be in the order of 6 ms duration. We feel this could be an alternative to HD-FDD duplex operation since the loss in throughput due to UL measurement gaps will be considerably lower than HD-FDD operation
In case of HD-FDD operation,  HD-FDD alone might not be a viable option, since depending on the HD-FDD duty cycle  the UE might not be able to observe a complete 5ms window to capture the half radio frame depending on the HD-FDD duty cycle.  So for both duplex modes some form of UL contiguous gaps may be best. Hence seem a reasonable option to extend the measurement gap capability to Intra –frequency since this functionality is already available for Inter Freq and Inter-RAT mode. 
3 Conclusion 
Currently, for additional channel bandwidth the relaxations for UE performance or UE functionality have not yet defined.   This contribution shows that there is some merit in allowing a significant relaxation in terms of reference sensitivity when this is coupled with the availability of measurement gaps for Intra –frequency mobility for FDD duplex mode. Since the network have to provide measurement gaps for Inter –freq and Inter –Rat no new feature would need to be developed for this scenario which would only be needed or allowed for specific operating bands and channel bandwidth combinations. 
The alternative approach would be to define a HD-FDD solution for these specific operating bands and channel bandwidth combinations. In this case depending on HD-FDD duty cycle the scheduler would also need to allocate some form of contiguous gaps for Intra measurement similar to that proposed for FDD.  This would require far more additive work in 3GPP to define this mode and performance requirements. Of course, HD-FDD should also be developed to enhance the capability of LTE which may be needed where there is no common band plan or duplex distance 
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