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1. Introduction
In [1] there was discussion about the jammer which can be present in NC-4C-HSDPA, and a proposal relating to it :
In order to conclude the feasibility and introduce relevant core requirements for non-contiguous 4C-HSDPA, it is essential to understand the nature of the jammer in the gap. The following aspects need to be identified for the jammer:

· Waveform (WCDMA, GSM and etc.)

· Signal strength at the receiver

· Statistics of signal strength relative to the signal of interest

Proposal 3: Identify the jammer characteristics for non-contiguous 4C-HSDPA.

While [1] was a discussion paper and not intended for approval, we agree that identification of the jammer is important to proceed with the work item. As noted in the contribution, these aspects are critical when concluding on the possibility to use a single receiver architecture to receive NC-4C-HSDPA. In this contribution we provide further analysis of the jammer including system simulations to attempt to quantify this issue further.

2. Discussion

In [2] an LS was agreed to RAN, which includes operator preferred scenarios for NC-4C-HSDPA, reproduced below

Table 1. Summary of operators’ scenarios.

	Scenario
	Band
	Gap length
	Number of Component Carriers
	Configuration

	A
	I
	5
	2
	C-5-C

	B
	I
	5
	3
	C-5-CC

	C
	I
	10
	4
	C-10-CCC

	D
	IV
	5
	2
	C-5-C

	E
	IV
	10
	3
	C-10-CC

	F
	IV
	15
	4
	CC-15-CC

	G
	IV
	20
	3
	CC-20-C

	H
	IV
	25
	4
	CC-25-CC


Based on this information, we assume that NC-4C-HSDPA can be expected to be used initially on bands I and IV, and hence requirements focussed on band I and IV are the priority. We also note that a separate discussion took place on whether to develop generic RX requirements, or scenario specific RX requirements.
Considering that the initial interest is in bands I and IV for which the downlink is 2110-2170MHz or 2110-2155MHz, a GSM jammer seems to be excluded for the operator scenarios as GSM is not specified in the 2100MHz region. Given the existing usage of bands I and IV, it is most likely that the jammer would be another WCDMA network, or an LTE network.

To characterise the signal strength of the jammer at the receiver, and especially the statistics of signal strength relative to the signal of interest, further operator input is likely to be necessary. For example, if the jammer signal is transmitted from the same sites as the wanted signal and with similar power levels then the power differences are obviously less than the more generic case where the jammer signal is transmitted from an arbitrary location.

To make an initial evaluation, we have performed system simulations of a WCDMA network with a WCDMA jammer. We would not expect significantly different results if the jamming signal was a 5MHz LTE signal. Our assumption is that operator scenarios A, B, and D are most likely candidates to be implemented with a single receiver, since the total BW including gap is ≤20MHz, and thus we have not yet considered the case where there can be 2 or more WCDMA jammers, or a wider bandwidth LTE jammer in the gap but these could also be considered using a similar methodology in future. This could come about, for example, if there is interest in reusing a single wider bandwidth LTE-A receiver for NC-HSDPA.
For the study, we consider the case where there are two WCDMA macro networks, one which is the network providing the NC-4C-HSDPA service and one which is the jammer network. Both networks are assumed to have the same topology and ISD, and different spatial separations between the basestation sites of the 4C-NC-HSDPA network and the jammer network are considered. We would like to emphasise that the simulations only considered average pathloss to each site, so do not show the worst case instantaneous power differences considering eg shadow fading or fast fading.
Figure 1 shows the basic network topology for the simulation, 
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Figure 1 : Topology of the simulation, with jammer network shifted by an example of (100m,0m) relative to NC-4C-HSPA network.

Other parameters for the simulation are given in table 1.

	Parameter


	Assumption

	Cellular layout
	Hexagonal grid, 19 sites with 3 sectors, ISD = 2000m. Additional jammer network has the same layout, but an offset of (X,0) from the NC-4C-HSDPA network

	Propagation Model
	L= 128.1 + 37.6Log10(Rkm)

	BS antenna gain
	14dBi

	BS antenna pattern
	Pico cell : Omnidirectional 

Macro cell:
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is defined as the angle between the direction of interest and the boresight of the antenna, 
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 is the 3dB beamwidth in degrees, and  Am is the maximum attenuation. Front-to-back ratio, Am, is set to 20dB. 
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	BS total TX power
	Macro cells : 43dBm 100% loaded

Jammer cell : 43dBm, 100% loaded

	UE antenna gain
	10dBi

	UE noise figure
	9dB

	Statistics logged
	RSSI difference between NC-4C-HSDPA carrier frequency and jammer frequency

	Table 1 : Simulation assumptions
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Figure 2 : Map of RSSI difference between carriers (dB) in the simulation

Figure 2 shows a map of RSSI differences for 100m offset between the jammer network and the NC-4C-HSDPA network, and figure 3 shows the CDF of the RSSI difference.
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Figure 3 : CDF of RSSI difference for different spacings between the jammer network and the NC-4C-HSDPA network.

In figure 4, we present a zoomed view, showing only the cases where power difference is between -35dB (meaning that the jammer has 35dB greater RSSI than the carriers on the NC-4C-HSDPA network) and -10dB.
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Figure 4 : CDF of RSSI difference for different spacings between the jammer network and the NC-4C-HSDPA network – zoomed view.

From figure 4 we can see that in the worst case, there is around a 1% probability of experiencing a jammer of 35dB or more. Considering that a possible consequence of a severe jammer far beyond the capabilities of the UE received is call drop, it is likely necessary to be concerned about events occurring with a relatively low probability such as 1%.
Another evaluation which can be performed is to look at how the jammer affects the effective geometry experienced by NC-4C-HSDPA UEs due to the additional noise from the jammer. In order to perform this evaluation, we need to model the impact of jammer to the signal to noise ratio on the wanted carriers. For simplicity, a simple model of 25dB leakage from the unwanted carrier to the wanted carrier was used, based on LTE IRR – although in practice the impact of the unwanted carrier in the dynamic range of the receiver would need to be considered more carefully in the final work.
For this evaluation, we have G = Ior / Ioc and G’ = Ior/[Ioc+Pleak], where Pleak=I0,adj-25dB. Figure 5 shows the G distributions for a 100m offset between the NC-4C-HSDPA cell sites and the jammer cell sites, and figure 6 shows the same situation for 1000m offset.
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Figure 5 : Difference in effective geometry for 100m offset between networks

In the 100m offset case, the biggest loss in geometry occurs for high G UEs because all of the locations where there is high power on the jammer network also correspond to near cell centre locations on the NC-4C-HSDPA network. Around the 90 percentile point on the curve, there is about 0.5dB loss in geometry caused by the jammer network. The result will be some lost capacity in the NC-4C-HSDPA network since these are the UE that would otherwise have experienced the best CQI, although at 0.5dB the loss may be tolerable.
With 1000m offset case, the impact of the jammer is naturally seen in the low geometry part of the curve, because the jammers are located at the cell egde. The concern is that a very long tail is seen in the G distribution, which is shown in more detail in the zoom view in figure 7. Around 1% of UE experience geometry of -12dB or worse, which is clearly not a feasible HSDPA operating point.
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Figure 6 : Difference in effective geometry for 1000m offset between networks
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Figure 7 : Difference in effective geometry for 1000m offset between networks

3. Observations

In this section, we provide some tentative observations. It should be understood that the power difference results are not definitive, since there are some simulation assumptions such as 100% fixed loading on each carrier which would not hold in practice, where there might be greater RSSI fluctuations expected, especially if there are mainly HSDPA users on both networks. Additionally, it would be beneficial if multiple companies were able to simulate jammer scenarios to repeat and validate the results.
The first question which naturally arises is how much power difference the signal RX receiver can tolerate. This question does not have a hard and fast answer, since it depends both on the dynamic range of the receiver design, as well as the impact of RF image (eg in scenario B with a direct conversion receiver, the RF image of the jammer would fall on one of the wanted carriers, weheres in scenario A it would not).

Work on LTE carrier aggregation (for the intraband contiguous case) has focussed on specifying an image rejection ratio of 25dB, and UE demodulation requirements to demonstrate capability to receive a signal on one component carrier in the presence of a 6dB stronger signal on the other carrier. 
Considering that similar receiver technology is likely to be used for NC-HSDPA reception and the results in figure 4, it can be speculated that dealing with power differences observed in the simulation for all but the collocated/near collocated  cases with a single receiver would be challenging, both from dynamic range point of view and also in the case of scenario B from an RF image point of view. 
We can see a number of possible approaches that RAN4 could take to the jammer issue, which are summarised in table 1.
	Alternative
	Comments

	ALT 1: Specify requirements for 1RX UE based on the worst case jammer than can be expected in any realistic deployment


	The simulation results show that around 35dB power difference or even more is occasionally possible in some deployments which would present considerable challenges in receiver design. Hence this approach may not be practical. Further studies would be needed both on the maximum power difference of the jammer, and also the practical complexity of a WCDMA receiver with significantly increased dynamic range.

	ALT 2: Agree that requirements will be specified for a limited power difference that allows for a reasonable complexity 1 RX implementation. The limited power difference would be ensured by deployment restrictions 
	The success of this approach depends on operator feedback. Results indicate that for collocated or near-collocated sites power differences may be small which makes 1RX UE feasible. However, such restrictions may be overly limiting to the practical use of NC-4C-HSDPA

	ALT 3:  Agree that requirements will be specified for a limited power difference that allows for a 1 RX implementation. The limited power difference would be ensured by reconfiguring to contiguous 4C-HSDPA using RRM procedures.


	Approach tries to make opportunistic use of NC-4C-HSDPA. Considering even the worst results in figure 4 (1000m spacing), around 70% of UEs have a power difference of less than 6dB. RAN2 would need to ensure that RRM procedures can be identified which allow the reconfiguration to ensure the technical feasibility of this approach, and input from RAN4 on the power differences that can be supported would be needed.

	ALT 4:  Assume a 2RX baseline architecture, at least as far as initial release 11 RX requirement specification work is concerned. Then 1RX architectures could be revisited at some future date
	More straightforward approach from a RAN4 perspective. But it delays the possibility of lower cost 1RX NC-4C-HSDPA devices.


Table 2 : Alternative approaches for 4C-NC-HSDPA with a single receiver
So far, we have not identified any other approach that could be taken. As we think this is quite fundamental to the rest of the work on NC-4C-HSDPA we think it is important that RAN4 makes a decision on one of these (or yet another alternative) approaches in the near future.
In order to progress the issue, we think that it is important to get operator feedback on whether the jammer network sites can be assumed to be collocated (or near collocated) with the NC-4C-HSDPA network sites. If so, then ALT-2 seems a reasonable approach. Otherwise, ALT-1 seems to be very technically challenging considering the need for the receiver to cope with 35dB or more power difference occasionally. This ALT-3 (rely on RRM procedures) or ALT-4 (concentrate on 2RX in NC-4C-HSDPA work) seem likely candidate approaches. Considering that the severe jammer is seen in simulations only to affect a small part of the UE population, it might be beneficial to investigate further the extent to which RRM procedures can avoid the issue.
4. Conclusions

In this contribution we have provided some initial analysis on the jammer signal which can be expected, related to 1RX implementation of NC-4C-HSDPA. Considering the operator scenarios prioritise band I or band IV, the likely jammer signal is either WCDMA or LTE. Some system simulation results indicate that there can be an RSSI difference of 35dB or even greater. We also evaluated impact of 25dB leakage to the effective geometry in the NC-4C-HSDPA network. Although this does not realistically model all impairments, our assumption is that if the jammer network is near-cosited (and using similar antenna sector angles) to the 4C-NC-HSDPA network then there is limited impact from the jammer. If this assumption cannot be made, then a small number of UEs are severely affected by the jammer. 
We have summarised 4 alternative ways forward which could be considered. A key factor in the decision on how to move forward would be for RAN4 to get operator feedback on the deployment scenarios and the extent to which co-location of node B sites can solve the problem. It should be noted that colocation in this case corresponds also to using similar antenna sector arrangements and node B transmission power.  If the problem cannot be managed by deployment restrictions then other alternatives would need to be selected.
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