Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]3GPP TSG-RAN WG4 #75	R4-153349
Fukuoka, Japan, May 25~May 29, 2015

Source: 	Ericsson
[bookmark: Title]Title:	Discussion on TM10 setup for CRS-IM WI
Agenda Item:	7.5.1
Document for:	Discussion
[bookmark: _Ref298777854]Introduction
In RAN4#74bis meeting, interference model was discussed for TM10 and some open issues were identified for TM10 test. These open issues were captured in [1]. In this contribution, we share our view for these open issues based on some preliminary link level simulation. 
Discussion
System model
According to the agreement in [1], up to 2-cell generic CRS-IC is adopted as the baseline assumption for introduction of TM10 CRS-IM test case (s). For TM10, we can configure three points in the test. The first point (TP1) is the serving cell; the second point (TP2) is the transmission point which can transmit PDSCH, and the third point (TP3) is the aggressor cell, as shown in Figure 1. The PDSCH transmission can dynamically switch between TP1 and TP2. Hence, the cancelable CRS may come from TP2 & TP3 or TP1&TP3 according to the transmission point of PDSCH. 
Interference the UE can cancel 
Strongest interferes are canceled only, depending on the conditions)
PDSCH (it may be transmitted from TP1 and TP2)
CRS
PDCCH
Serving cell (TP1)
TP2
TP3

[bookmark: _Ref410592537]Figure 1: The system setup for CRS-IM for TM10
Test purpose
Compared with TM9, there are two main new behaviors for TM10 regarding CRS-IC. The first one is the serving cell CRS may serve as interference and it should be cancelled. The second one is the source of aggressor cell dynamically switches between serving cell and cooperating cell. Both of these two new behaviors are needed to be verified. In addition to the capability to cancel the CRS interference outside the cooperating set, the test purpose of TM10 test shall at least cover:
· The CRS from the aggressor cell outside the cooperating set shall be cancelled
· The dynamic switching CRS interference within the cooperation set shall be cancelled. 
· When the CRS interference coming from serving cell, the serving cell CRS shall be cancelled. 
· When the CRS interference coming from non-serving cell which is within the cooperation set, the CRS interference shall be cancelled. 
Proposal 1: The test purpose of TM10 test shall at least cover:
· The CRS from the aggressor cell  outside the cooperating set shall be cancelled
· The dynamic switching CRS interference within the cooperation set shall be cancelled. 
· When the CRS interference coming from serving cell, the serving cell CRS shall be cancelled. 
· When the CRS interference coming from non-serving cell which is within the cooperation set, the CRS interference shall be cancelled. 
Key setup parameters for TM10
CSI-process configuration
For TM10, different category UE may have different capability to handle the maximum number of CSI processes. In Rel-11, two separate test cases are defined for one CSI-process capable UE and multiple CSI-process capable UE. They are defined in Section 8.3.1.3.1 and 8.3.1.3.2 of 36.101. For CRS-IC for TM10, similar method can be adopted for different CSI-process capable UE. 
· For single CSI-process UE
For single CSI-process UE, one simple way is to reuse Section 8.3.1.3.1 of 36.101 with some modification. In this test, PDSCH is always transmitted from non-serving cell. Hence, in this test, only the serving cell’s CRS and the CRS from the transmission point outside the cooperation set are cancelled. The CRS from the transmission point within the cooperation set is not cancelled. To cover this, one possible way is introduce additional test. In this test, PDSCH is always transmitted from serving cell. The basic setup is shown in Table 1. 
[bookmark: _Ref419573974]Table 1: Basic Setup for one CSI-process capable UE
	PQI set index
	Parameters in each PQI set
	Test 1
	Test 2

	
	
	DL transmission hypothesis for each PQI Set
	DL transmission hypothesis for each PQI Set

	
	NZP CSI-RS Index  (For quasi co-location)
	ZP CSI-RS configuration
	TP 1
	TP 2
	TP1
	TP2

	PQI set 0
	CSI-RS 0
	ZP CSI-RS 0
	Blanked
	PDSCH
	PDSCH
	Blanked



· For multiple CSI-process UE
For multiple CSI-processes UE, section 8.3.1.3.2 of 36.101 can be reused with some modification. In this test, PDSCH is transmitted from TP1 with 30% of time and from TP2 with 70% of time. When the PDSCH is transmitted from TP1, the CRS from TP2 and TP3 can be cancelled. When the PDSCH is transmitted from TP2, the CRS from TP1 and TP3 can be cancelled. With this setup, all the above mentioned purpose can be covered. 
[bookmark: _Ref419639028]Table 2: Basic setup for multiple CSI-process capable UE
	PQI set index
	Parameters in each PQI set
	DL transmission hypothesis for each PQI Set

	
	NZP CSI-RS Index  (For quasi co-location)
	ZP CSI-RS configuration
	TP 1
	TP 2

	PQI set 0 
	CSI-RS 0
	ZP CSI-RS 0 
	PDSCH 
	Blanked 

	PQI set 3 
	CSI-RS 1 
	ZP CSI-RS 1 
	Blanked 
	PDSCH 

	Note: Probability of occurrence of PDSCH transmission is 30% and 70% for TP1 and TP2, respectively. 



Proposal 2: For different CSI-process capable UE, Table 1 and Table 2 can be referred. 
Time offset and frequency offset issue
In TM10 test case defined in 36.101, two time offsets are defined for TM10, one is with 2 us and one is with -0.5 us. In FeICIC, the time offsets are -1 us and +3 us. For the transmission points within the COMP cooperating set, tight timing offset is reasonable, since in general, the transmission points within the COMP cooperating set are connected with good backhaul or even co-site. However, for the transmission point outside the COMP cooperating set, tight timing offset is not reasonable. For this case, FeICIC timing offset is more reasonable. Considering these two aspects, we suggest the timing offset of TP2 relative to TP1 is -0.5 us, and the timing offset of TP3 relative to TP1 is +3 us. 
For the frequency offset, it has not too much impact on the performance. However, with some frequency offset, it can be used at least verify UE have implement frequency compensation. Hence, we propose to reuse FeICIC frequency offset definition. 

Proposal 3: The timing offset between transmission points within COMP cooperation set is -0.5 us, the time offset between the aggressor cells outside the COMP cooperation set and the serving cell is 3 us. The frequency offset of TP2 and TP3 related to TP1 is [-100 300] Hz. 

Transmission power setup
In [1] and [2], the transmission power issue is discussed. The main issues are on how to set the transmission power for TP2 and TP1. For TP3, fixed transmission power can be set.  There are some alternatives for TP2 and TP1 transmission power setup:
Alternative 1: Use different transmission power for TP2 and TP1 ()
Alternative 2: Use the same transmission power for TP2 and TP1 (). 
For alternative 1, if DPS is used, different MCS shall be used for TP2 and TP1 PDSCH transmission. It is relatively difficult to define the target SNR, since TP2 and TP1 throughput are dependent. Another consideration for alternative 1 is use fixed transmission point for PDSCH transmission and only one MCS is used. In this case, only serving cell CRS and the CRS from the cell outside the cooperating set are cancelled. The CRS from the transmission point within the cooperating set is not cancelled. Further, the CRS aggressor cell is static and not dynamically changed. Thus, only partial purposes are covered. Hence, it is preferable. 
For alternative 2, the same transmission power for TP2 and TP1 is used. If proper MCS is defined, we can guarantee the target SNR is high enough. With high enough SNR, the CRS-IC gain can be observed. Hence, it can force UE to implement the CRS-IC functionality. One example is shown in Figure 2. The parameters are listed in Table 3. 
From Figure 2, we can see that the target SNR is about 11 dB for 2-cell CRS-IC receiver. If CRS-IC is not enabled, the 70% throughput cannot achieve. Hence, in this case, CRS-IC must be enabled to meet the requirements. 
[bookmark: _Ref419626480]Table 3: Parameters for the link level simulation
	
	TP1
	TP2
	TP3

	Probability of occurrence of PDSCH transmission
	30%
	70%
	0

	Signal strength
	
	INR2=10.45 dB

	Resource Utilization
	Blanking if desired PDSCH is not transmitted in this point
	[bookmark: _GoBack]Blanking if desired PDSCH is not transmitted in this point
	20%

	MCS
	MCS=18 or MCS=14
	TM9, 64QAM, 

	Rank
	Rank-1
	Rank-1 and rank-2 with probability [0.2, 0.8]

	CRS handling
	No CRS-IC: CRSs are not cancelled

	
	2-cell CRS-IC: CRS from TP3 and TP1 (or TP2) are cancelled

	
	1-cell CRS-IC: CRS from TP1 (or TP2) is cancelled

	Cell id
	0
	11
	106



[image: ]
[bookmark: _Ref419625250]Figure 2: CRS-IC performance for MCS=18 with   and INR2=10.45 dB
For MCS, MCS=14 is also investigated in Figure 3. For MCS=14, the gap between 2-cell CRS-IC and no-CRS-IC is about 5 dB. In principle, it can be used to differentiate the UE. But the gap is not so large as MCS=18. Hence, we slightly prefer MCS=18. 
[image: ]
[bookmark: _Ref419628412]Figure 3: CRS-IC performance for MCS=14 with  and INR2=10.45 dB
For the TP3 transmission power, we can consider two alternatives, one is with higher interference level, i.e, 10.45 dB and one is with lower interference level, i.e. 4.6 dB.  In Figure 3, the INR2 is set to 4.6 dB rather than 10.45 dB which is set in Figure 2. In Figure 2, if only serving cell CRS is cancelled, there are 2.5 dB difference compared with generic CRS-IC where 2-cell CRS is cancelled. While in Figure 3, if only serving cell CRS is cancelled, there are only 0.8 dB difference compared with generic CRS-IC. Hence, if INR2 is set to the lower interference profile, such as 4.6 dB, generic CRS-IC and serving cell CRS-IC only receiver cannot be differentiated. In order to force UE to consider generic CRS-IC, higher transmission power for TP3 shall be configured. 
[image: ]
[bookmark: _Ref419627336]Figure 4: CRS-IC performance with   and INR2=4.6 dB
Observation: If the transmission power of TP3 is not properly set. Generic CRS-IC cannot be guaranteed.  
Based on this above analysis and observation, we have the following proposals:

Proposal 4: MCS=18 is selected as the PDSCH MCS and the same transmission power is configured for TP1 and TP2, INR2 is 10.45 dB for TP3. 

Load model for the aggressor cells
Another issue is on how to model the load for different cells. For the aggressor cell TP3, the agreed load for non-TM10 case can be reused, since the impact on the whole performance is very similar. For TP1 and TP2, when PDSCH is not transmitted from the corresponding transmission point, two alternatives can be considered for their load when they act as aggressor:
Alternative 1: With partial load, i.e., RU=20% 
Alternative 2: Blanking
For alternative 1, their impact on the whole performance is different what we have observed for non-TM10 case.   For non-TM10 case, the transmission power of aggressor cell is fixed, and the SIR (signal over interference ratio) can be increased with the increase of SNR. While in TM10 setup, the transmission power of TP1 is the same as TP2. Hence, the SIR is equal to 0 dB irrespective of the increase of the SNR. When we have load in the TP1 or TP2, the SINR of the corresponding loaded subfames will be very low, it cannot sustain the 16 QAM or 64 QAM transmissions. Hence, these subframes are wasted. Thus, only partial of the maximum throughput can be achieved. The percentage of the achievable maximum throughput is (1-RU). For example, when RU=0.2, the maximum achievable throughput is 80% of the actual maximum throughput. One example is shown in Figure 5. In this example, the actual maximum throughput is 12.960*0.9=11.664Mbps. When RU is 20% for TP1 or TP2, the maximum achievable throughput is about 12.960*0.9*0.8=9.33Mbps. This phenomenon is not desirable, since we must adjust the threshold 70% into a new threshold, otherwise, the test may be not testable considering the test impairments. 

[image: ]
[bookmark: _Ref419638136]Figure 5: The comparison between blanking and partial load for the TP1 or TP2 
Observation: When partial load is configured in TP1 or TP2, the achievable maximum throughput is only partial of actual maximum throughput and the percentage is associated with the resource utilization of TP1 and TP if it is aggressor. 
Based on this observation, we prefer to blank the TP 1 or TP2 when it is aggressor. If we really need to model partial load in this cell, very low load shall be modelled. 
Proposal 5: TP1 or TP2 is preferred to be blanked when it acts as aggressor.  RU=10% or 20% is modelled for TP3. 
Conclusion
Proposal 1: The test purpose of TM10 test shall at least cover:
· The CRS from the aggressor cell  outside the cooperating set shall be cancelled
· The dynamic switching CRS interference within the cooperation set shall be cancelled. 
· When the CRS interference coming from serving cell, the serving cell CRS shall be cancelled. 
· When the CRS interference coming from non-serving cell which is within the cooperation set, the CRS interference shall be cancelled. 
· Proposal 2: For different CSI-process capable UE, Table 1 and Table 2 can be referred. 
· Proposal 3: The timing offset between transmission points within COMP cooperation set is -0.5 us, the time offset between the aggressor cells outside the COMP cooperation set and the serving cell is 3 us. The frequency offset of TP2 and TP3 related to TP1 is [-100 300] Hz. 
· Proposal 4: MCS=18 is selected as the PDSCH MCS and the same transmission power is configured for TP1 and TP2, INR2 is 10.45 dB for TP3. 
· Proposal 5: TP1 or TP2 is preferred to be blanked when it acts as aggressor.  RU=10% or 20% is modelled for TP3. 
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