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1 Introduction
At RAN#75 meeting, a new WI DL interference mitigation for UMTS was approved [1]. This paper is to provide analysis on RAN2 impact.
2 Discussion
2.1
Background

In [1], main objectives are listed as below:
Main objectives, and specifications impacts, of this work item are:

· To introduce necessary RRC (DL) signaling for indicating adjacent channel interference

· Add proper description of the feature in stage-2/3 specs
As analysed in the WID, the UE could optimize DL performance if it could get potential DL adjacent channel interference. The text is shown as below.
At the UE side, there is no such awareness. If there was, one simple and effective way of mitigating DL interference would be trying to receive/decode the UMTS signal while cutting out as much as possible the interference, e.g. applying appropriate Rx filtering.

Given the above, it is considered beneficial to introduce a signalling indication, from the network to the UE, informing about potential DL adjacent channel interference, so that UE could optimize DL performance, e.g. trying to filter out the interference signal(s).
2.2
Performance evaluation

It was already observed in field that under some deployment scenarios, UMTS transmission and reception signal of 5M is subject a lot to interference of neighbor GSM signal leakage, which could be illustrated from the following figure.



Figure 1. Illustration of UMTS 5M signal interfered by GSM signal

Since the typical interfering scenario is that GSM signal leaks into the side band of UMTS 5M, and as we could see that GSM signal power is more higher than UMTS, i.e. the overlapped part in figure 1 is mainly interference signal, from which a typical way of avoiding interference is to just receive/decode the spectrum block without GSM interference signal.
The rest of the paper tries to compare the performance between a normal reception of 5M signal with interference and a narrow band reception, the simulation results below show the performance gain when UE tries to use a narrower band filter, the following figure shows four simulation scenarios.




Figure 2. Four scenarios for simulation

From Figure 2, we could see there are four scenarios, the following table tries to summary the general simulation conditions.

Table 1. Simulation conditions

	I/N
	10dB; 20dB（I means PSD(Power Spectrum Density) from GSM,N mean Ior）

	Center frequency distance
	2M or 2.2M stands for the distance between the middle frequency position between GSM & UMTS

	Channel
	PA3

	Receiver
	Type3

	Searcher
	Practice searcher

	Sampling
	2*chip level simulation

	Traffic
	Full buffer

	Filter window
	3.8M, 4.2M


The following diagrams show the throughput vs G factor, for the different condition with I/N (10dB or 20dB), center frequency distance (2M or 2.2M) and filter window (3.8M or 4.2 M). The reason of choosing 2M or 2.2M is due to the real scenario that GSM interference signal usually falls into the side band of 5M UMTS signal, and the reason for 3.8M/4.2M filter window is because 3.84M is the basic bandwidth for UMTS transmission.
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Figure 3-1. Performance comparison for reception window=5M/4.2M/3.8M with I/N=10dB and center frequency distance=2M
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Figure 3-2. Performance comparison for reception window=5M/4.2M/3.8M with I/N=20dB and center frequency distance=2M
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Figure 3-3. Performance comparison for reception window=5M/4.2M/3.8M with I/N=10dB and center frequency distance=2.2M
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Figure 3-4. Performance comparison for reception window=5M/4.2M/3.8M with I/N=20dB and center frequency distance=2.2M

From the curves in the above four diagrams, we could try to reach the following observations:

Observation 1: Under GSM interfering case, with a reception filter window of narrow bandwidth, the cell throughput is better than a normal 5M reception filter window; performance gain becomes more and more obvious with G factor becoming bigger and bigger;

Observation 2: For the case of center frequency distance=2M, the reception window with narrower bandwidth filter could achieve better performance, i.e. the performance of a reception filter window with 3.8M is better than the that of a 4.2M one;

Observation 3: For the case of center frequency distance=2.2M, the reception window with wider bandwidth filter could achieve better performance, i.e. the performance of a reception filter window with 4.2M is better than the that of a 3.8M one.

For observation 1, it is obvious, since a narrow bandwidth filter keeps the interference signal out from reception. 

For observation 2 and 3, the difference between the two lies in how much interference signal and useful signal are included in the reception window. When center frequency distance=2.2M, which means interfering signal is a bit further away from major UMTS signal, under this scenario, a wider reception window, i.e. 4.2M, could include more useful UMTS signal than a narrower one, i.e. 3.8M, that’s why the performance gain of 4.2M is better than that of 3.8M. While for the case of center frequency distance with 2M, since interfering signal is a bit closer to major UMTS signal, which would lead to an opposite consequence that a narrower reception window of 3.8M could achieve a better performance gain than a wider one (i.e. 4.2M), since a narrower window keeps more interference signal out of reception. Such effects are more obvious for case of higher interference intensity (I/N=20dB) and closer center frequency distance (2M), see figure 3-2, and for the case of lower interference intensity (I/N=10dB) and larger center frequency distance (2.2M), see figure 3-3 where we could see that the performance of normal operation with 5M is similar as 3.8M reception.

2.3
Solutions

From the above simulations and corresponding observations, we could see that the main point is narrow bandwidth reception. From network point of view, it is easy to know whether there is any interference from GSM or not. Since firstly, network is aware of the neighbor GSM deployment scenario where if there is any GSM signal leakage and to what extent the leakage is; secondly, in the worst case network could timely analyze and detect the GSM interference due to powerful hardware resource while it is quite difficult for the UE to learn or to detect GSM interference in a real time manner, i.e., UE doesn’t know when to use a narrow bandwidth filter for downlink reception. Based on this point, a natural solution would be to send an indication to UE from network side informing UE whether to use narrow band reception or not, and based on the simulation, the narrow band could be 4.4M, 4.2M, 4M or 3.8M.

Proposal 1: It is proposed RAN2 to discuss and agree on introducing narrow band reception window and the candidate values are 4.4 M, 4.2 M, 4 M or 3.8 M.
For proposal 1, the UE may use the narrower bandwidth filter indication either in IDLE or Connected states, so we think SIB could be an option to include such indication. The network could send one value in SIB, and then the UE could apply the received value if the UE supports this feature, otherwise, the UE ignores such indication.

So far, if a UE is to access the UMTS network, MIB, SIB1, SIB2 and SIB3 have to be acquired before such access. For the narrow band reception window, it will bring more benefits if the UE could acquire the indication earlier, e.g. MIB; on the other hand, MIB has the least repetition period 40ms among all SIBs, so if the indication is put into MIB, the additional signaling overhead may be larger than putting it into another SIB.

Proposal 2: It is proposed RAN2 to discuss which SIB should be considered to include the narrower bandwidth filter indication, e.g. MIB, SIB1, SIB2, SIB3 and etc.
3 Conclusion

In this contribution, we discuss the signalling for indicating adjacent channel interference. It is proposed:
Proposal 1: It is proposed RAN2 to discuss and agree on introducing narrow band reception window and the candidate values are 4.4 M, 4.2 M, 4 M or 3.8 M.

Proposal 2: It is proposed RAN2 to discuss which SIB should be considered to include the narrower bandwidth filter indication, e.g. MIB, SIB1, SIB2, SIB3 and etc.
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整理结果

		

		PA3信道																																																AWGN 基线

		tx5m_rx5m								tx5m_rx5m								tx5m_rx4.2m								tx5m_rx4.2m								tx5m_rx3.8m								tx5m_rx3.8m								IorvsIoc		4.2M		4.4M		5M

		IorVsIoc		OverallTput		CqiMean				IorVsIoc		OverallTput		CqiMean				IorVsIoc		OverallTput		CqiMean				IorVsIoc		OverallTput		CqiMean				IorVsIoc		OverallTput		CqiMean				IorVsIoc		OverallTput		CqiMean				-5		275.16		281.23		282.87

		-5		284.481903		5.1854				-5		201.927902		4.1624				-5		284.205292		5.181399				-5		233.788101		4.598				-5		274.677399		5.0982				-5		274.647797		5.0988				0		941.96		942.77		949.92

		0		827.441101		9.0552				0		407.028992		6.336599				0		857.39502		9.183601				0		543.532227		7.4056				0		842.590576		9.171999				0		840.304688		9.1606				5		3013.3		3054.82		3078.02

		5		1669.617188		12.627001				5		561.204529		7.5914				5		1782.663208		13.089601				5		849.266785		9.3216				5		1887.061157		13.409				5		1881.987183		13.396797				10		5184.89		5125.25		5077.04

		10		2434.3479		15.1316				10		623.258484		8.09				10		2766.184326		16.156601				10		996.97937		10.1706				10		3133.661133		17.202202				10		3093.19751		17.121599				15		8981.5		8891.59		8825.2

		15		2848.015137		16.458998				15		646.564209		8.289201				15		3398.364502		17.996601				15		1025.169922		10.4438				15		4271.459473		19.962				15		4211.697266		19.831598				20		9755.25		10174.5		10496

		20		3041.882812		17.0884				20		665.897888		8.4394				20		3649.897217		18.750603				20		1032.588745		10.4778				20		5008.48291		21.5228				20		4936.541016		21.270399				25		13976		13976		13976

		25		3173.367188		17.4168				25		692.242126		8.6378				25		3692.005615		19.014				25		1035.900146		10.4814				25		5369.875		22.166399				25		5232.038574		21.907597				30		13976		13976		13976

		30		3260.906006		17.646597				30		724.635803		8.825601				30		3680.573242		19.026199				30		1027.110229		10.448201				30		5489.042969		22.454201				30		5315.21582		22.084999

		PA3信道

		tx5m_rx5m								tx5m_rx5m								tx5m_rx4.2m								tx5m_rx4.2m								tx5m_rx3.8m								tx5m_rx3.8m

										IorVsIoc		OverallTput		CqiMean				IorVsIoc		OverallTput		CqiMean				IorVsIoc		OverallTput		CqiMean				IorVsIoc		OverallTput		CqiMean				IorVsIoc		OverallTput		CqiMean

		-5		296.73		5.3				-5		274.003693		5.0516				-5		292.202789		5.2526				-5		291.671295		5.252				-5		274.773407		5.0978				-5		274.571808		5.0966

		0		908.02		9.44				0		746.217896		8.618999				0		909.265808		9.445798				0		907.283691		9.4398				0		842.22821		9.1756				0		841.532471		9.175

		5		1997.99		13.69				5		1405.116943		11.5964				5		2055.671631		13.887399				5		2055.860107		13.884201				5		1888.89917		13.4128				5		1890.117188		13.412601

		10		3323.22		17.54				10		1912.530762		13.585201				10		3577.500732		18.164797				10		3573.817627		18.144199				10		3131.312744		17.197403				10		3133.512451		17.191799

		15		4450.72		20.6				15		2274.460449		14.8624				15		4976.680664		22.092999				15		4974.900391		22.039999				15		4298.282227		19.982399				15		4297.115723		19.980999

		20		4997.39		22.99				20		2626.490723		16.028799				20		5759.270996		25.401201				20		5706.635254		25.349201				20		5034.666016		21.571199				20		5029.988281		21.557602

		25		5323.31		24.76				25		3097.101562		17.309599				25		6304.592773		27.028799				25		6298.661621		26.968199				25		5387.93457		22.239401				25		5360.089355		22.193199

		30		5577.83		25.9				30		3569.381592		18.555801				30		6587.423828		27.5956				30		6569.575195		27.5422				30		5501.820801		22.478401				30		5488.762207		22.4888

																																												Simulation scenario

																																										I/N = 10dB;20dB（I means PSD(Power Sprctrum Density) from GSM,N mean Ior）

																																										2M or 2.2M stands for the distance between the middle frquency postion between GSM & UMTS

																																										Ior/Ioc means G factor in dB domain.

																																										wireless channel: PA3

																																										reciever: Type3

																																										practice searcher

																																										2*chip level simulation
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整理结果

		

		PA3信道																																																AWGN 基线

		tx5m_rx5m								tx5m_rx5m								tx5m_rx4.2m								tx5m_rx4.2m								tx5m_rx3.8m								tx5m_rx3.8m								IorvsIoc		4.2M		4.4M		5M

		IorVsIoc		OverallTput		CqiMean				IorVsIoc		OverallTput		CqiMean				IorVsIoc		OverallTput		CqiMean				IorVsIoc		OverallTput		CqiMean				IorVsIoc		OverallTput		CqiMean				IorVsIoc		OverallTput		CqiMean				-5		275.16		281.23		282.87

		-5		284.481903		5.1854				-5		201.927902		4.1624				-5		284.205292		5.181399				-5		233.788101		4.598				-5		274.677399		5.0982				-5		274.647797		5.0988				0		941.96		942.77		949.92

		0		827.441101		9.0552				0		407.028992		6.336599				0		857.39502		9.183601				0		543.532227		7.4056				0		842.590576		9.171999				0		840.304688		9.1606				5		3013.3		3054.82		3078.02

		5		1669.617188		12.627001				5		561.204529		7.5914				5		1782.663208		13.089601				5		849.266785		9.3216				5		1887.061157		13.409				5		1881.987183		13.396797				10		5184.89		5125.25		5077.04

		10		2434.3479		15.1316				10		623.258484		8.09				10		2766.184326		16.156601				10		996.97937		10.1706				10		3133.661133		17.202202				10		3093.19751		17.121599				15		8981.5		8891.59		8825.2

		15		2848.015137		16.458998				15		646.564209		8.289201				15		3398.364502		17.996601				15		1025.169922		10.4438				15		4271.459473		19.962				15		4211.697266		19.831598				20		9755.25		10174.5		10496

		20		3041.882812		17.0884				20		665.897888		8.4394				20		3649.897217		18.750603				20		1032.588745		10.4778				20		5008.48291		21.5228				20		4936.541016		21.270399				25		13976		13976		13976

		25		3173.367188		17.4168				25		692.242126		8.6378				25		3692.005615		19.014				25		1035.900146		10.4814				25		5369.875		22.166399				25		5232.038574		21.907597				30		13976		13976		13976

		30		3260.906006		17.646597				30		724.635803		8.825601				30		3680.573242		19.026199				30		1027.110229		10.448201				30		5489.042969		22.454201				30		5315.21582		22.084999

		PA3信道

		tx5m_rx5m								tx5m_rx5m								tx5m_rx4.2m								tx5m_rx4.2m								tx5m_rx3.8m								tx5m_rx3.8m

										IorVsIoc		OverallTput		CqiMean				IorVsIoc		OverallTput		CqiMean				IorVsIoc		OverallTput		CqiMean				IorVsIoc		OverallTput		CqiMean				IorVsIoc		OverallTput		CqiMean

		-5		296.73		5.3				-5		274.003693		5.0516				-5		292.202789		5.2526				-5		291.671295		5.252				-5		274.773407		5.0978				-5		274.571808		5.0966

		0		908.02		9.44				0		746.217896		8.618999				0		909.265808		9.445798				0		907.283691		9.4398				0		842.22821		9.1756				0		841.532471		9.175

		5		1997.99		13.69				5		1405.116943		11.5964				5		2055.671631		13.887399				5		2055.860107		13.884201				5		1888.89917		13.4128				5		1890.117188		13.412601

		10		3323.22		17.54				10		1912.530762		13.585201				10		3577.500732		18.164797				10		3573.817627		18.144199				10		3131.312744		17.197403				10		3133.512451		17.191799

		15		4450.72		20.6				15		2274.460449		14.8624				15		4976.680664		22.092999				15		4974.900391		22.039999				15		4298.282227		19.982399				15		4297.115723		19.980999

		20		4997.39		22.99				20		2626.490723		16.028799				20		5759.270996		25.401201				20		5706.635254		25.349201				20		5034.666016		21.571199				20		5029.988281		21.557602

		25		5323.31		24.76				25		3097.101562		17.309599				25		6304.592773		27.028799				25		6298.661621		26.968199				25		5387.93457		22.239401				25		5360.089355		22.193199

		30		5577.83		25.9				30		3569.381592		18.555801				30		6587.423828		27.5956				30		6569.575195		27.5422				30		5501.820801		22.478401				30		5488.762207		22.4888

																																												Simulation scenario

																																										I/N = 10dB;20dB（I means PSD(Power Sprctrum Density) from GSM,N mean Ior）

																																										2M or 2.2M stands for the distance between the middle frquency postion between GSM & UMTS

																																										Ior/Ioc means G factor in dB domain.

																																										wireless channel: PA3

																																										reciever: Type3

																																										practice searcher

																																										2*chip level simulation
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