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1 Introduction

In previous meeting RAN 4 discussed the use of CRS-IC within CoMP WI, and the following was agreed during the ad hoc meeting [1]:

For Rel-11 CoMP performance WI: 

Option 1: Test 2-A 

Supporting companies: E///, NEC, Broadcom, Samsung, LG, Intel, Huawei 

Option 2: Test 2-C

Supporting 

Option 3: Test 2-A + Test 2-C

Supporting companies: MTK, Qualcomm

Option 1 was agreed. However, a way forwards to include the test 2-C in Rel-11 scope was discussed at the end of the meeting [2]. In this document we continue the discussion initiated in [3] on the use of CRS-IC in CoMP WI and on the usefulness of test 2-C. 

2 Discussion on test 2-C and its implications 

Test 2-C as it is defined so far represents a case when the UE is in the vicinity of a pico cell and receives PDSCH from the pico cell while the macro cell is still its serving cell. In such scenario, if the UE cancels the interference coming from the serving macro cell via CRS-IC the performance would clearly be improved. Additionally, since the macro cell is the UE serving cell, there would not be the need of additional assistance information which is instead provided in FeICIC. 

However, if RAN 4 defines a test as such, it implies that the CRS-IC implementation applies only to parts of a very specific scenario in CoMP; namely only to UEs which are subject to dynamic point selection (DPS), meaning that they receive PDSCH from a non-serving cell. In this contribution we argue that the use of CRS-IC only for serving cell removal in DPS limits the CRS-IC capabilities to such a degree that it cannot provide an overall system performance improvement in heterogeneous deployments compared to already existing alternatives. 

The rationale for applying DPS to a UE is to help other victim UEs that are otherwise interfered by the serving marco cell. If only the UEs that are scheduled with DPS are allowed to benefit from CRS-IC, as depicted in Figure 1, then the other victim UEs cannot fully experience a blanked macro cell unless they too are scheduled as DPS users with the same macro as their serving cell. We consequently have a scenario where the network (in order to make full use of the benefit of CRS-IC) need all potential victim UEs to be served by the macro, but being scheduled with PDSCH from their best pico nodes respectively. Note that this is quite similar to a regular cell selection offset (CSO) based range extension, where UEs are forced (by means of a CSO) to connect to weaker pico nodes in order to reduce the overall macro interference throughout the network. 
Note further that (arguably) the most effective coordination scheme introduced in Rel-11, dynamic point blanking (DPB), cannot benefit from such a limitation in the use of CRS-IC, whereas if instead the strongest CRS interference is cancelled regardless if it originate from the serving cell or the strongest interferer, then the full potential of point blanking can be exploited also for non-colliding CRS. 

As mentioned above, a DPS scenario as such implies that in order to benefit from the CRS-IC the UEs will need first to be connected to the macro cell and then moved to the pico cell. While UEs which are directly connected to a pico cell will not be able to benefit from the CRS-IC implementation, as they do not have any information related to the strongest interference which need to be cancelled. 
We think that this setup is a very narrow and specific case of operating CoMP that has not been sufficiently been studied, and that the overall CoMP system performance is not optimized with such implementation.

Furthermore, by serving multiple UEs from the macro cell just to enable the use of DPS based CRS-IC of the same cell will render a highly inefficient use of PDCCH that will remain being served from the macro.
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Figure 1. Scenario for which the UE can cancel one interfering cell

In order to understand system level performance we have analysed the following set up:
· Config 4B with indoor outdoor
· Simplified tool: 
· Ideal-link adaptation
· Wideband SINRs (no fast fading)
· 10 MHz bandwidth
· FTP model 1 (dynamic traffic): 500 kB data packets
· CRS-IC which perfectly cancels the interference coming from 1 cell.
· Cell Selection Offset or DPS threshold: 6 dB
· Handover margin: 1 dB
We compare the overall performance in terms of user throughput vs served traffic for 2 scenarios which are shown in Figure 2 and 3. In Figure 2, the UEs that are served by a macro cell are optionally moved using DPS to the strongest pico cell based on an artificial cell selection offset criteria. 
By using this method the UEs that are moved from the macro cell to the pico cell can benefit from the usage of the CRS-IC according to which only the macro cell can be cancelled. However, according to the DPS algorithm the UEs can be moved only to a pico cell belonging to the coordinated cluster. The size of the coordination cluster is limited by backhaul limitations as well as zero-power-CSI-RS configuration limitations; it is not unreasonable to assume that only pico cells that are in the vicinity of the macro site can be considered as part of the coordination cluster. 

The alternative to the above setup with DPS based cell selection offset (CSO) is to use a regular cell selection offset methodology, as depicted in Figure 3. The UEs are directly connected to the best pico cell (not necessarily limited to a specific coordination cluster). Under this methodology the UEs do not need to connect first to the macro just to be moved to the pico cell using DPS. The drawback is that it is yet unclear how to apply CRS-IC in this scenario. . In the figures above we provide performance with and without CRS-IC functionality on.
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Figure 2. DPS based Celle Selection Offset
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Figure 3. Regular Cell Selection Offset
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Figure 4. Mean user throughput vs served traffic for several options
Figure 4 shows the performance in terms of mean user throughput vs served load for several options. 

In the figure the blue curve represents the performance achieved when using the method in Figure 3 (regular CSO method) without the use of any CRS-IC. The magenta line and the black lines represent the performance obtained when the regular CSO method is used and the UE implements CRS-IC to cancel the strongest interferer among 5TPs and 105TPs respectively. In this case the UE cancels the strongest interferer independently from source of the interference (it can be in fact a macro cell, or a pico cell). The green curves represent the performance achieved when the method in Figure 2 is used, i.e. the UE is first served by the macro cell and moved to the pico cell within the coordination cluster.  Finally the red curve represent the ideal case when the CSO method is considered and there is no CRS residual interference (the UE has an ideal CRS-IC capable of handling any CRS interference).

As it can be seen from the figure the performance obtained via the scheme in Figure 2 achieves the same or worst performance compared to the case of regular CSO without any use of CRS-IC. In fact the gains obtained from CRS-IC for certain UEs is not sufficient to compensate from the gains obtained by the fact that in a regular CSO scheme the UE can be directly connect to the best pico cell. 
From this figure, it can be seen that cancelling the strongest cell interferer (not necessarily the serving macro cell) does provide gains from system level point of view. In addition, the figure show that there is room for improvement for the performance if several interferers are cancelled (such as in FeICIC where the UE handles 2 interferers).

3 Link level results 

In order to provide initial analysis of the potential gains related to the cancellation of 1 or 2 interferers, we provide link level simulation to show the impact of cancelling only the strongest macro cell or the first 2 dominant interferers. In order to use realistic interferer values we have used system level simulations to obtain the CDF of the 1st and 2nd dominant interferer.

Figure 5 provides this CDF. The simulation results are based on the scheme in Figure 2.
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Figure 5. CDF of the first and second dominant interferers.

The simulation parameters are provided in the Annex.

Figure 6 provides link level simulation results when the 1st dominant interferer is +5dB (90%tile) and 2nd dominant interferer is +2dB  (@90%-tile) wrt the PDSCH. Figure 7 provides link level simulation results when the 1st dominant interferer is +0.5dB (10%tile) and 2nd dominant interferer is -12dB  (@10%-tile) wrt the PDSCH.
The performance is plotted for a UE which cancels only a single cell (the strongest), for the case when the UE cancels both the interferers and for the colliding case.

Other cases are shown in the annex.
Note that the curve representing the case when the UE cancels 2 dominant interferers is an ideal gain which is mainly due to the fact that under the simulated test only 2 interferers are modeled; in practice in a non-colliding network, the UE will see residual interference which may still affect the performance even in case when the UE is capable of handling 2 dominant interferers. More analysis is needed to understand the tradeoff between the UE complexity and the potential performance improvements depending on the amount of interferers canceled
The figures also provide the throughput of the equivalent scenario with colliding CRS. Colliding CRS deployment scenarios were motivated by the fact that this deployment strategy avoids severe CRSs interference on PDSCH region which can degrade the performance significantly as shown in the Figures above.  Even if the network can safely assume that the UE implements CRS-IC in all subframes for 1 interferer, the performance may be still be considerably lower than the colliding CRS case because of the presence of additional NC CRSs which need to be cancelled by the UE.. 
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Figure 6. First dominant interferer +5dB (@90%-tile) and 2nd dominant interferer +2dB (@90%tile) wrt PDSCH 
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Figure 7. First dominant interferer 0.5dB (@10%-tile) and 2nd dominant interferer -12dB (@10%tile) wrt PDSCH
4 CRS-IC together with CoMP

It has been recently decided that the UE is mandated to support CRS-IC in Rel-11. CRS-IC is so far standardized and testsed in the context of FeICIC. While, the CRS-IC baseband algorithm could be reused also in other WIs, some details of the current CRS-IC implementation shall be considered before discussing the use of CRS-IC in CoMP.
1. RAN 4 requirements for FeICIC are defined only in ABS subframes for demodulation. In COMP there is no concept of ABS subframes, hence a potential CRS-IC will need to be implemented independently from the interfering cell(s) activity, and a test should clearly capture this.

2. For CRS IC a signalling was defined to assist CRS-IC operation which provides the CRS antenna ports, the MBSFN subframe configurations and the Cell ID of up to ‘maxCellReport’ cells. In Rel-11 in RAN4 it has only been used for FeICIC performance requirements. Signaling need in COMP needs to be discussed further. 
3. Under FeICIC WI RAN 4 requirements are defined under the assumptions that the UE cancels at least 2 dominant interferers. In case CRS-IC is considered in COMP work item it is clear from the above analysis that requiring the UE to cancel only its serving macro cell does not correspond to a scenario which provide good COMP gains. Hence, it is essential that the strongest interferer(s) are considered for CRS-IC (and not necessarily the serving macro cell). In addition, the amount of dominant interferers to cancel in CoMP WI needs to be discussed further and further analysis based on aligned set up is needed; the choice, as usually done in RAN 4 shall be based on system level analysis.

Considering the discussion above it seems clear the more analysis is needed in order to understand the typical scenarios where CRS-IC can provide gains. Considering that RAN 1 has never studied CoMP gains for a UE with CRS-IC capability from system level perspective it is proposed to send an LS to RAN1 asking for feedbacks on the scenarios to consider in RAN 4 if CRS-IC is considered within the scope of CoMP.   
It should be noted that COMP work item is meant to be completed in RAN 4 69. In order to avoid slowing down the progress associated to COMP work item it is preferable to handle CRS-IC after CoMP WI completion. Two options could be considered: 

· Option 1: handle this study under TEI 11 under the agreement that an appropriate study is carried on in RAN 1 and RAN 4.

· Option 2: handle this study in rel-12.

This study may be a rather long (several meeting cycles) and it is preferable to consider this under rel-12. Further discussions are needed to decide the appropriate way forward.  

5 Conclusions

The following conclusions of the above discussion can be drawn:
Observation 1. The scenario which test 2-C is designed for does not have an obvious use case. In fact it appears that the scenario can be outperformed with the use of a regular cell selection offset methodology. It is not clear which scenario RAN 4 has to target in order to capture typical conditions where CRS-IC could provide gains from a system level perspective. 

Proposal 1. Send an LS to RAN 1 to ask feedback about typical CoMP scenarios where CRS-IC provide gains and if CRS-IC needs to be considered in the scope of CoMP.
Observation 2. In case CRS-IC is deemed necessary for CoMP WI, analysis of the interferer levels (depending on the scenario potentially highlighted by RAN 1, and considering aligned test set up) is necessary. CDF of the k-th dominant interferers are needed. Based on this, the amount of CRS interferers the UE has to handle need to be discussed further. 

Proposal 2: Depending on typical COMP scenarios where CRS-IC is considered useful, RAN 4 needs to have a study on the level of dominant interferers and the number of interferers the UE shall handle in order to develop a correct test set up. 
Observation 3: In addition to the test definition, details related to the implementation need to be also discussed in RAN 4. This is mainly related to the comparison between the current CRS-IC implementation and a potential CRS-IC implementation in the context of CoMP.

Proposal 3:  details related to the implementation need to be also discussed in RAN 4, i.e. signalling need and the implementation of CRS-IC in all subframes independently from the interferer cell activity.

Observation 4:  2 Options can be considered for the procedure to handle this study

· Option 1: handle this study under TEI 11 under the agreement that an appropriate study is carried on in RAN 1 and RAN 4.
· Option 2: handle this study in rel-12.

Proposal 4: Considering that this may be a rather long study (several meeting cycles) it is preferable to consider this under rel-12. 
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7 Annex A

Table 1 provides the setting used for link level simulations

	Parameter
	TP1 (1st interferer)
	TP2 (low power TP)
	TP3 (2nd interderer)

	Carrier frequency (GHz)
	2

	System bandwidth (MHz)
	10MHz

	Cell ID
	0
	1
	2

	PDCCH transmission Point
	Fixed at TP1 
	NA
	yes 

	PDSCH transmission Point
	Blanked
	Fixed at TP2
	Blanked

	Channel model
	EPA
	EVA
	EPA

	Doppler frequency (Hz)
	5Hz
	5Hz
	5Hz

	Antenna configuration
	2x2 Low
	2x2 Low
	2x2 Low

	SNR (seen at UE receivers)
	SNR TP2+XdB
X=
· Case1:  +5dB
· Case 2: +5dB

· Case 3: +5dB
· Case 4: +0.5dB 
· Case 5: +0.5dB
· Case 6: +0.5dB 
	Performance provided for SNRTP2 =0:2:24
	SNR TP2+Y
Y=

· Case 1: -12dB 
· Case 2: -4dB

· Case 3: 2dB

· Case 4: -12dB
· Case 5: -4dB

· Case 6: 2dB



	Number of allocated resource blocks (PRB)
	N/A
	50
	NA

	Transmission mode
	N/A
	10
	NA

	Cell-specific reference signals
	Port {0,1}
	Port {0,1}
	Port {0,1}

	CSI reference signals 0
	N/A
	Port {15,16}
	N/A

	CSI-RS 1 periodicity and subframe offset (TCSI-RS / ICSI-RS)
	NA
	5/2
	NA

	ZP CSI-RS 1 periodicity and sub-frame offset (TCSI-RS / ICSI-RS)
	NA
	5/2
	NA

	ZP CSI-RS 1 configuration
	NA
	2
	NA

	CSI-RS 1 configuration
	NA
	0
	NA

	PDCCH decoding
	ideal
	

	PMI
	N/A
	Random
	N/A

	MCS & Rank
	N/A
	· 64QAM ½ RI=1 
	N/A

	Cyclic prefix
	Normal
	Normal
	Normal

	Number of HARQ processes
	8
	8
	8

	Maximum number of HARQ transmission
	4
	4
	4

	Number of OFDM symbols for PDCCH
	1
	2
	1

	Timing offset (us)
	0
	0
	0

	Frequency error (Hz)
	0
	200
	0

	Simulation length
	10000 sub-frames at minimum
	10000 sub-frames at minimum
	10000 sub-frames at minimum


Figure 8-11 show the performance for the following cases:

Case 1: 1st dominant interferer is +5dB (90%-tile) and 2nd dominant interferer -12dB (10%-tile) wrt the PDSCH
Case 2: 1st dominant interferer is +5dB (90%-tile) and 2nd dominant interferer -4dB (50%-tile) wrt the PDSCH
Case 3: 1st dominant interferer is +0.5dB(10%-tile) and 2nd dominant interferer -4dB (50%-tile) wrt the PDSCH

Case 4: 1st dominant interferer is +0.5dB(10%-tile) and 2nd dominant interferer 2dB (90%-tile) wrt the PDSCH
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Figure 8. First dominant interferer +5dB (@90%-tile) and 2nd dominant interferer -12dB (@10%tile) wrt PDSCH 
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Figure 9. First dominant interferer +5dB (@90%-tile) and 2nd dominant interferer -4dB (@50%tile) wrt PDSCH
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Figure 10. First dominant interferer +0.5dB (@10%-tile) and 2nd dominant interferer -4dB (@50%tile) wrt PDSCH 
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Figure 11. First dominant interferer 0.5dB (@10%-tile) and 2nd dominant interferer +2dB (@90%tile) wrt PDSCH
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