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1. Introduction
In [1], system simulation results were provided for a WCDMA jammer for NC-4C-HSDPA, and 4 alternative approaches for NC-4C-HSDPA work item were presented
	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 1 : Alternative approaches for 4C-NC-HSDPA with a single receiver

During the discussion, it seemed that some interested companies supported alternative 3 and for others alternative 4 was preferred. Since this is a fundamental aspect for the rest of the NC-4C-HSDPA work item, RAN4 should continue to discuss the various alternatives and try to conclude on this aspect of the requirement. In this contribution, we present some updated simulation results and provide some discussion on different aspects of alternative 3, although we also think that alternative 4 is a viable way to proceed with the work item initially.
2. Further results
In this section, we look at conditional geometry distribution. For this evaluation, we have G = Ior / Ioc and G’ = Ior/[Ioc+Pleak], where Pleak=I0,adj-25dB, and the spacing between the NC-4C-HSDPA basestation sites and the jammer sites is fixed at 300m.

 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




Figure 1 shows the 2D distribution of serving cell G against the effective G’ experienced by the UE. The spacing between the serving cell sites and jammer sites is 300m. It can be seen that the biggest impact to G occurs at moderately low serving cell G (in the range 0-5dB), however there can still be an impact of the jammer at serving cell geometries even when the serving cell geometry is in the range 10-15dB.
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Figure 1 : 2D distribution of serving cell geometry and effective geometry accounting for 25dB leakage from jammer carrier.
In figures 2 and 3, conditional CDFs of effective geometry and power difference are evaluated conditioned on serving G>5dB. The 5dB conditioning threshold is chosen because it is approximately the median geometry observed for this scenario in [1], so the further results in this contribution look in further detail at the situation for the best 50% of UEs in the system.

For the effective geometry results, both 25dB IRR and infinite IRR was evaluated. For the infinite IRR case the geometry clearly cannot ever be less than 5dB (because the effective geometry and the serving cell geometry are identical in this case). For 25dB IRR, the effective geometry is affected by leakage from the jammer cell; effective geometry can in some cases be significantly reduced as is seen in the zoom view to below 0dB by the jammer, even though the serving cell G is conditioned on being ≥5dB.
Similarly, considering power difference results conditioned on serving geometry, there can be a significant power difference between the wanted carrier and the jammer carrier; the results indicate that there is approximately a 1% probability of the jammer being 20dB or more above the wanted cell.
	[image: image6.jpg]Effective geometry conditioned on G_serving>=5d8

25dB1RR
Infinite IRR—x—
08
>
e
T 08
S
5
@
2
5 o4
£
(8]
02
0
-10 5 0 5 10 15

Effective G (dB)




	[image: image7.jpg]Cumulative probability

005

Effective geometry conditioned on G_serving>=5d8

004

003

002

001

25dBIRR —+—
Infinite IRR —s¢—

5

Effective G (df

B)

10

15

20





	Figure 2a : Effective Geometry conditioned on G≥5dB
	Figure 2a : Effective Geometry conditioned on G≥5dB zoomed view
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	Figure 3a : Power difference of carriers conditioned on G≥5dB
	Figure 3b : Power difference of carriers conditioned on G≥5dB zoomed view


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.
Comparing the results to our previous results in [1], the results in this contribution indicate that avoiding use of NC-4C-HSDPA for UE with poor serving cell conditions (for example, CQI or Ec/Io could be used to determine this) would go some way towards avoiding UE experiencing the very low effective geometries observed in [1]; on the other hand even conditioning the results for serving cell geometry ≥5dB means that there is a clear impact on effective geometry from the jammer carrier, assuming 25dB image rejection ratio and at any rate that there is a small probability that the UE receiver experiences a power difference between carriers of 20dB or more, which would be challenging from a dynamic range perspective. Thus we again see that there is a relatively small but non negligible probability of harmful effects being caused by the jammer carrier.
One way in which this could be addressed would be to reconfigure out of non-contiguous HDSPA mode at an even higher geometry; for example the 2d PDF in figure 1 would indicate that above 15dB serving cell geometry there is almost no impact from the jammer carrier from an effective geometry perspective, which also means that implicitly the dynamic range of the signal is not challenging. The issues with this approach however are 

· The usage of NC-4C-HSDPA becomes rather limited; a 10dB geometry limit according to results in [1] would mean that only approximatley 20% of the NC-4C-HSDPA UE population could be configured to non contiguous operation, and a 15dB limit would reduce this to approximately 10%.

· Assuming that the network is unaware of UE receiver architecture, all UE would need to be reconfigured based on serving cell geometry, which would not be an efficient use of any 2RX UE that was able to cope with a more challenging scenario.
Based on this our conclusion is that either a 2RX baseline receiver architecture should be assumed by RAN4, or if 1RX UE are to work in a robust and reliable manner then reconfiguration measurement triggers beyond the existing serving cell measurements (CQI, Ec/Io) would be beneficial.
4. Discussion

In previous RAN4 meetings, we presented a proposal for RSSI events which could be used for reconfiguration when a strong jammer carrier is an issue, The proposal is
· RSSI is measured on each carrier within 5MHz bandwidth. The implication is that the UE would need to filter and evaluate RSSI on non-configured carriers (eg operator B spectrum), however this is a much lower complexity operation than cell detection on non-configured carriers.

·  An imbalance metric, for example the difference between the largest RSSI and the smallest RSSI is calculated

· If the imbalance metric  goes above  a threshold (eg 6dB) and the UE is receiving non adjacent HSDPA carriers then a new imbalance measurement event is reported via RRC signalling. RSSI on each carrier could be reported as part of the measurement report

· If imbalance goes below a (eg 3dB) and the UE is receiving adjacent HSDPA carriers then a new no-imbalance measurement event is reported via RRC signaling

· The UTRA network (RNC) uses the imbalance and no-imbalance events to assist in its decision to reconfigure the UE to adjacent operation (if an imbalance event is reported) or non-adjacent operation (if a no-imbalance event is reported)

By using this metric, it is possible to trigger a new event that allows the RNC to detect the imbalance  situation or non-imbalance situation as experienced by the UE receiver. Some further considerations are

· The thresholds could either be configured by RRC signalling or autonomously determined by the UE. One advantage of autonomously determining the thresholds is that different UE receiver performance can be accounted, and for example a 2RX UE might be tolerant to high imbalance with little need to send the events. Alternatively, RRM configurations are typically made for other features such as interRAT handover trigger considering only minimum performance requirements and a similar approach could be considered here. The UTRA network may anyway choose to ignore the imbalance report if the serving cell(s) CQI is sufficiently good. Alternatively, it may be beneficial to indicate as a UE capability whether the UE can support large power difference (ie has 2RX chains) or not.
· The use of compressed mode for monitoring the RSSI of carriers out with the set of configured carriers may need further consideration for different scenarios and cases. As discussed in [2], there are some scenarios in which compressed mode may be beneficial to avoid admitting additional interference to the UE receiver during the measurement. Compressed mode also brings predictability from network perspective to when the UE is performing retuning. On the other hand there are cases when the monitoring of RSSI of other carriers can be performed without compressed mode gaps.
An alternative proposal was given for reconfiguration triggering in [2], whereby a modified CQI is reported by UE which represents an estimate of the CQI that the UE would expect to obtain if the jammer signal was not present. We expect the modified CQI is calculated internally in the UE based on jammer RSSI and estimation of its contribution to serving cell SNR. There are a number of issues which we think would need to be clarified before a new metric could be introduced to 3gpp specifications:
· How would the modified CQI formally be defined and tested? It seems particularly challenging to test compared as its definition seems to depend strongly on UE receiver architecture, whereas RSSI definition and requirements already exist in 3GPP specifications.
· The overhead of continuous modified CQI reporting seems high considering that most of the time an individual UE is not experiencing a high level jammer. So the event triggered CQI proposal in [2] seems better than continuous reporting.
· Since what matters is the difference in average CQI and the new metric, it seems likely that events would need to be defined in a differential way and reported when the difference exceeds a threshold
· Our view is that a differential CQI event is quite similar to an RSSI imbalance event especially if the UE autonomously defines the RSSI threshold, ie sets the power imbalance threshold at a level where reception of a weaker configured carrier will be harmed.
· One benefit of the RSSI based approach is that along with the imbalance event, the RSSI of each carrier (including jammers) could be reported to the UTRA network, which gives information about likely new configurations which would avoid the problem.

· In [2], the new CQI can only be used in scenario 4 when the UE is already using a non-contiguous configuration, as CQI is only reported for serving cells. However, RSSI (with appropriate use of compressed mode) and RSSI imbalance can be evaluated for a set of candidate carriers

In summary, a principal benefit of using RSSI is that it is already a well-defined measurement in layer 1, and the new aspects of the proposal are that additional RRC events are evaluated based on RSSI differences. The CQI based approach seems significantly harder to specify and use, as it is a new metric which depends heavily on receiver implementation. RSSI imbalance may also be reported accounting the real receiver performance, although this does introduce testing complications, namely is it possible to verify that the UE sets the thresholds in a meaningful manner. Alternatively, the normal approach in RRM whereby thresholds are set considering minimum UE performance can also be considered. As the system simulation results have shown that large power imbalances do not occur commonly this may be an acceptable approach. Typically, 3GPP specifications favour consistent UE performance over optimising for particular implementations which exceed the minimum performance. It should also be noted that the UTRA network does not need to respond to a reported imbalance event, for example if serving CQI(s) are good. The intention is that it gives an indication that the 1RX UE radio is getting into a problematic operating area from dynamic range or leakage perspective. In case the serving cell(s) performance is not adequate then it gives an indication to the RNC that there is an imbalance, and which frequency(ies) are the ones causing the imbalance.
5. Conclusions
In this contribution we have provided further system simulation results for a WCDMA jammer network with 300m site offset and conditional CDFs showing power difference and the impact of 25dB leakage to effective geometry. Results are provided, conditioned on serving cell geometry ≥ 5dB (approximately the median) and indicate that for a small but not negligible proportion of the UE population the jammer signal may be a problem. 
To proceed with this, we believe that RAN4 should first focus on the high level aspects of the design of NC-4C-HSDPA and fundamentally a choice needs to be made between the following different approaches, or other viable alternatives.

	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. 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.


Considering ALT-3 the contribution considers some aspects of RSSI imbalance estimation based approach versus a modified CQI approach, and we think it may be preferable to use RSSI, partly because RSSI is already a well-defined measurement from layer 1 perspective and hence the changes would be limited to new event triggers in the RRC protocol. However, we would see it more fruitful at this point to focus effort on reaching high level agreement on the handling of 1RX or 2RX UE before next considering the details of different possible triggers for reconfiguration.
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