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1. Introduction
In RAN4 #66bis, discussion continued for test case design for CoMP demodulation test and agreement was captured in WF [1]. 

· It has been agreed to introduce the following tests for CoMP feature
· Test 1: Verifying UE performing correct timing offset compensation, channel parameters estimation and rate matching behavior in CoMP scenario 4 
· Test 2: Verifying UE performing correct frequency offset compensation and rate matching behavior in CoMP scenario 3 with colliding CRS. 
· Power difference between transmission TP and serving TP is FFS
· Performance should be provided as PDSCH throughput vs SNR
· FFS for include SNR test, i.e., UE performs correct SNR estimation based on DM-RSs rather than CRSs in either Test  1 or Test case 2.
· Companies are encouraged to provide simulation results in RAN 4 #67 when behavior B is correctly implemented for the parameters mentioned in Test 1 and/or Test 2 but wrong SNR estimation is performed and the case when also SNR estimation is correctly estimated via DM-RS. The goal is to check whether it is possible to discriminate between correct UE behavior w.r.t SNR estimation together with the features tested either under test 1 or test 2  
· No JT test will be defined under rel-11 work item
· FFS whether to assume CRS-IC as reference receiver for frequency error estimation
· Companies to address the availability of information on aggressor CRS
· FFS whether to introduce a test based on non-colliding case in CoMP scenario 3 to verify PDSCH demodulation performance 
· FFS whether to assume CRS-IC. 
· FFS whether to introduce additional DPS test for feature 7-1 UE only on top of what already agreed.
In this contribution, we address remaining issues in DL CoMP PDSCH demodulation test case design and provide our recommendation. 
2. Discussion

2.1. SNR estimation from DM-RS
One of features to be verified in CoMP PDSCH demodulation test is SNR estimation from DM-RS rather than CRS. SNR estimation is supposed to be used for DM-RS channel estimation filter optimization. Channel estimation filter could be optimized based on delay spread, Doppler spread and SNR observed on DM-RS antenna ports. If UE estimate SNR on CRS rather than DM-RS, there could be SNR mismatch and it may lead to DM-RS channel estimation performance degradation. This is a general problem for DM-RS based PDSCH transmission but could be more pronounced in CoMP transmission due to interference coordination on DM-RS among TPs in CoMP cluster.
Figure 1 shows PDSCH demodulation performance in CoMP scenario 3 for DM-RS based and CRS based SNR estimation. Simulation parameters are listed in table 1. It can be observed that there is huge performance degradation when UE uses CRS SNR for DM-RS channel estimation filter selection. Performance degradation is more severe in high CINR region since effect of channel estimation filter mismatch is more pronounced in high CINR region. In the simulation set up, CRS is observing around -8dB CINR due to CRS power offset between TPs while DM-RS could observe up to 20dB CINR when PDSCH transmission is protected by dynamic port blanking in interfering TPs.  Thus, there could be around 30dB CINR mismatch between CRS and DM-RS. 
Observation 1 : There is huge performance separation between  DM-RS and CRS based SNR estimation in CoMP scenario 3 with colliding CRS. 
Based on this observation, we propose to use test in CoMP scenario 3 for verification of DM-RS SNR estimation. 

Proposal 1: Verify DM-RS based SNR estimation in PDSCH demodulation test in CoMP scenario 3. 
Table 1. Simulation parameters

	parameters
	values

	System bandwidth (MHz)
	10

	Cell ID
	Serving cell : 0, pico cell : 6

	Noc (dBm/15Hz)
	-98

	Es1/Es (CRS power offset)
	8

	CFI
	2

	SF for PDSCH transmission
	0, 1, 2, 3, 4, 6, 7, 8, 9

	PDSCH allocation
	41 PRBs in SF0, 50 PRBs in all other SFs

	MCS
	QPSK 1/3, 16-QAM 1/2, 64-QAM 1/2, 64-QAM 3/4

	Propagation channel
	EVA5 low correlation

	Doppler frequency (Hz)
	5

	Frequency offset between TPs (Hz)
	200

	Frequency offset estimation
	CRS based estimation + averaging over SFs

	frequency offset compensation
	only post-FFT correction

	SNR estimation
	DM-RS based

CRS based
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Figure 1. CoMP scenario 3 demodulation performance with DM-RS SNR and CRS SNR
2.2. CRS interference mitigation
In heterogeneous CoMP deployment, one of main system design parameter is CoMP threshold that determines which TP can be included in CoMP cluster. If we want to have large CoMP gain, we need to specify large CoMP threshold to allow weaker TPs to be included in CoMP cluster. Underlying concept is similar to cell range extension (CRE) in eICIC/FeICIC network design, where system level capacity gain is achieved by offloading UEs into pico cells. Thus, it is crucial to guaranteeing capacity gain of CoMP network to define UE performance requirement assuming large CoMP threshold. 

In CoMP scenario 4 with shared CRS among TPs, it is most likely that CRS is transmitted by all TPs in SFN manner. Thus, UE can handle CRS in the same way as in homogeneous network. On the other hand, in CoMP scenario 3, each TP transmits CRS with distinct cell ID, which is similar to eICIC/FeICIC network deployment. Unlike eICIC/FeICIC network, UE is always associated with TP with strongest RSRP, i.e., received CRS power. However, PDSCH can be transmitted from weaker TP in CoMP cluster. Largest CRS power offset between serving TP and non-serving TP that might transmit PDSCH is directly proportional to CoMP threshold. 
In CoMP scenario 3 with non-colliding CRS, CRS from interfering TPs will hit data tone of PDSCH. PDSCH demodulation performance in this case is directly affected by CRS interference and UE has to implement CRS interference mitigation to be able to decode PDSCH with high MCS. If UE does not have CRS interference mitigation, the situation is similar to Rel-10 eICIC and network will be able to have small CoMP threshold and lower MCS PDSCH scheduling. On the other hand, in CoMP scenario 3 with colliding CRS, CRS from interfering TPs will hit CRS from TP transmitting PDSCH. Since UE have to estimate and compensate frequency offset from CRS, CRS interference will affect only frequency offset estimation/compensation. In both case, it is obvious that CRS interference mitigation is crucial to obtaining good PDSCH demodulation performance in CoMP scenario 3. Based on these analyses, we propose following.
Proposal 2: Assume CRS interference mitigation as a reference UE implementation for CoMP scenario 3.
One concern raised in RAN4 #66bis was how UE can obtain information on interfering CRS. For TPs within CoMP cluster, CRS information is provided via RRC signaling for PQI states. PQI signaling can provide information for CRS such as cell ID, number of CRS ports and MBSFN configuration for up to 3 TPs. Thus, UE can rely on CRS information in PQI signaling for CRS interference mitigation. 

For CRS interference that is not signaled via PQI signaling, there could be two different scenarios. In case CoMP is deployed in conjunction with FeICIC, network would also provide CRS assistance data to inform UE of necessary CRS information. UE can rely on both PQI signaling and CRS assistance data for CRS interference mitigation. For CoMP deployment in non-FeICIC network, there could be strong CRS interference whose information is not provided via PQI signaling. In that case, there would be unavoidable performance degradation due to unmitigated CRS interference. Please note that performance degradaton in this case is due to lack of proper CoMP coordination. 
2.3. Test for CoMP scenario 3 with non-colliding CRS
In RAN4 #66bis, need for additional test for CoMP scenario 3 with non-colliding CRS was discussed primary in the context of CRS interference mitigation. Another feature we can verify via non-colliding CRS test case is rate matching around CRS based on PQI signaling. In CoMP scenario 4 or CoMP scenario 3 with colliding CRS case, CRS REs are located in the same location for all TPs. Thus, rate matching around CRS can be verified only in CoMP scenario 3 with non-colliding CRS. Note that there are also other aspects of PDSCH rate matching such as PDSCH starting symbol or MBSFN configuration, which can be verified in CoMP scenario 3 with colliding CRS. 
For CRS interference mitigation, it would be easier to differentiate UE implementation with and without proper CRS interference mitigation in non-colliding CRS case. In colliding CRS case, PDSCH demodulation performance would be affected indirectly by frequency offset estimation error. However, in non-colliding CRS case, CRS interference directly affects data tone. 
However, it is not clear whether these benefits can justify another CoMP PDSCH demodulation test. Since both rate matching behavior and CRS interference mitigation can also be verified by other CoMP demodulation tests, we don’t see strong need for additional test. In case we encounter problem in defining tests to verify these features with already agreed two CoMP demodulation test, we could revisit non-colliding CRS test later. 
Proposal 3: Don’t introduce CoMP scenario 3 with non-colliding CRS. 
2.4. Dynamic TP switching

Dynamic TP switching is main CoMP scheme targeted in Rel-11 CoMP and we should verify proper UE operation in dynamic TP switching scenario. For multiple CSI process UE, TP for PDSCH transmission can be alternatively selected between TP1 and TP2 to emulate dynamic TP switching. Due to possible power difference between two TPs, we should consider the case that different MCSs are applied for TP1 PDSCH and TP2 PDSCH. Under this constraint, we propose to adopt TP switching based on fixed pattern so that HARQ transmission for a particular HARQ process is restricted to single TP. This can be achieved by defining TP switching pattern similar to ABS pattern with same periodicity. For example, in FDD, we can define TP switching pattern with a period of 40 SF. 

Proposal 4: For dynamic TP selection, select TP for PDSCH transmission based on fixed TP selection pattern similar to ABS pattern. 

On the other hand, for single CSI process UE, dynamic TP switching cannot be applied since PDSCH is always transmitted from one TP. UE is configured with only one NZP-CSI-RS corresponding to TP transmitting PDSCH. TP switching can happen only in a semi-static way via RRC signaling. 

Since dynamic TP switching is kind of functional verification test, it would suffice to have it combined with only one of CoMP demodulation test. CoMP scenario 3 test could be challenging to configure dynamic TP switching due to large power offset between TPs. 

Proposal 5: Configure dynamic TP switching in PDSCH demodulation test in CoMP scenario 4. 

3. Test framework
3.1. CoMP scenario 4 test
Figure 2 shows test configuration for PDSCH demodulation test in CoMP scenario 4 for both multiple CSI process and single CSI process UE. CRS is transmitted only from TP1. For ease of test configuration, let’s assume CSI-RS and DM-RS from both TPs are of equal power. Note that CSI feedback is not configured even though CSI-RS and IMR are configured. 
Main purpose of CoMP scenario 4 tests is to verify UE’s proper timing offset compensation. Since CRS is shared between two TPs, it’s impossible to verify PDSCH rate matching behaviour in CoMP scenario 4. For timing and frequency offset, we propose to configure 2us and 30Hz. Small frequency offset is assumed since UE cannot estimate per-TP frequency offset in CoMP scenario 4 with shared CRS. 
For channel model, we propose to use EPA5L channel for both TP1 and TP2 since effect of timing error is most sensitive in EPA5 channel. Having same channel profile would make it ease to combine dynamic TP switching with CoMP scenario 4 test. 
Detailed test parameters are listed in Table 2. 
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Figure 2.test configuration for CoMP scenario 4

Table 2.Test parameters for CoMP scenario 4 test

	parameters
	Multiple CSI process UE
	Single CSI process UE

	deployment scenarios
	CoMP scenario 4

	Transmission mode
	TM10

	System bandwidth
	10MHz

	Cyclic prefix
	normal

	Duplex mode
	FDD, TDD

	Cell ID
	cell ID : 0
CRS is transmitted only from TP1

	CFI
	2

	TP for PDSCH transmission
	dynamic TP switching between TP1 and TP2 according to fixed switching pattern
	TP2

	TP switching pattern 
	TBD
	N/A

	timing error 
	2.0us

	frequency error 
	30Hz

	Power offset 
	0dB

	antenna configuration
	2x2

	propagation channel
	TP1 to UE : EPA5L, TP2 to UE : EPA5L

	PDSCH allocation
	TBD

	MCS
	16-QAM ½ or 64-QAM 1/2

	DM-RS/PDSCH precoding
	Random precoding defined in Annex B.4.1 and B.4.2 of 36.101

	Precoding granularity
	1 RBG/1ms

	CSI feedback
	not configured

	number of NZP-CSI-RS ports
	2

	NZP-CSI-RS
	TP1 SF config : 1

TP1 resource config : 4

TP2 SF config : 2

TP2 resource config : 9
	TP2 SF config : 2

TP2 resource config : 9

	Number of CRS ports
	2

	MBSFN SF configuration
	Not configured

	MIMO mode for PDSCH
	SU-MIMO rank 1


3.2. CoMP scenario 3 test

Figure 3 shows test configuration for PDSCH demodulation test in CoMP scenario 3 with colliding CRS for both multiple CSI process and single CSI process UE. In this configuration, CRS with distinct cell ID is transmitted from each TP on same resource elements. Note that CSI feedback is not configured even though CSI-RS and IMR are configured. 
In order to verify PDSCH rate matching based on PQI signaling, we propose to configure CFI=2 for TP1 and CFI=3 for TP3. Also, we might consider having one MBSFN SF configured in TP2 for rate matching verification. For timing offset, we propose to configure -0.5us in the test to be able to verify UE handling of negative timing offset. For frequency offset, we can configure agreed value of 200Hz. 
For channel model, we propose to use EVA5L channel for TP1 and EPA5L channel for TP2. By specifying different channel profile, we will be able to verify if UE’s using DM-RS for channel profile estimation. 
Detailed test parameters are listed in Table 3. 
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Figure 3.test configuration for CoMP scenario 3 with colliding CRS
Table 3.Test parameters for CoMP scenario 3 test

	parameters
	Multiple CSI process UE
	Single CSI process UE

	deployment scenarios
	CoMP scenario 3 with colliding CRS

	Transmission mode
	TM10

	System bandwidth
	10MHz

	Cyclic prefix
	normal

	Duplex mode
	FDD, TDD

	Cell ID
	cell ID : 0
cell ID : 6

	CFI
	TP1: 2

TP1: 3

	TP for PDSCH transmission
	TP2

	timing error 
	-0.5us

	frequency error 
	200Hz

	power offset
	8dB

	antenna configuration
	2x2

	propagation channel
	TP1 to UE : EVA5L, TP2 to UE : EPA5L

	PDSCH allocation
	TBD

	MCS
	16-QAM ½ or 64-QAM 1/2

	DM-RS/PDSCH precoding
	Random precoding defined in Annex B.4.1 and B.4.2 of 36.101

	Precoding granularity
	1 RBG/1ms

	CSI feedback
	not configured

	number of NZP-CSI-RS ports
	2

	NZP-CSI-RS
	TP1 SF config : 1

TP1 resource config : 4

TP2 SF config : 2

TP2 resource config : 9
	TP2 SF config : 2

TP2 resource config : 9

	Number of CRS ports
	2

	MBSFN SF configuration
	0000000000
	0100000000

	MIMO mode for PDSCH
	SU-MIMO rank 1


4. Conclusion 
 In this contribution, we provided further discussed on remaining issues on DL CoMP demodulation test. Our proposals from the analyses are 
Proposal 1: Verify DM-RS based SNR estimation in PDSCH demodulation test in CoMP scenario 3. 
Proposal 2: Assume CRS interference mitigation as a reference UE implementation for CoMP scenario 3.

Proposal 3: Don’t introduce CoMP scenario 3 with non-colliding CRS. 

Proposal 4: For dynamic TP selection, select TP for PDSCH transmission based on fixed TP selection pattern similar to ABS pattern. 

Proposal 5: Configure dynamic TP switching in PDSCH demodulation test in CoMP scenario 4. 

We recommend considering our proposals and test framework in the discussion to define CoMP PDSCH demodulation test. 
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