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	5.1.3 
CoMP deployment
Under Rel.11 intra-eNB CoMP (with ideal backhaul), two deployment cases are considered as follow:
· Case A) Macro/high power RRH + Macro/high power RRH CoMP scenario (Scenario 1/2)
· The macro/high power RRH cell-edge user may be configured as CoMP mode.
· Case B) Macro + low power RRH CoMP scenario (Scenario 3/4)
· The Macro or low power RRH user may be configured as CoMP mode
In Case A, typically a small propagation delay difference between CoMP TPs could be assumed since CoMP would work for cell-edge user mainly thus similar propagation distances to different TPs can be assumed. On Case B, however, a larger propagation delay difference should be assumed due to propagation distance difference e.g. when low power RRH is in Macro cell edge and operating as a serving cell as shown in Figure 5.1-1. 
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Figure 5.1-1  CoMP deployment scenario (low power RRH cell are allocated to macro cell edge)
Typical timing offset at the UE can be derived for DL CoMP as follows:
Timing offset = difference of BS Timing Alignment Errors + difference of Propagation delays 

where the propagation delay difference can be computed as Cell radius / The speed of light. In some cases, channel impact e.g. shadow fading may also impact the TP selection for CoMP hence impact the timing offset observed by the UE.

As an example, in case B (ISD = 500 m, cell radius = 289 m), the propagation delay difference alone (i.e., excluding difference of BS Timing Alignment Errors) can reach 0.96us and the timing offset is covered by the tested range.
In the context of Rel-11 DL CoMP, UE performance requirements are defined by assuming [-0.5, 2] usec as typical timing offset range. While in the discussion, analysis also shows offset out of the tested range is also possible to occur due to deployed scenario and channel status, etc. 


Discussion: 
Option 1: Capturing BS implementation aspects
The UE performance requirements defined for Rel-11 DL CoMP are based on the typical timing offset range of [-0.5, 2]us. CoMP deployment should take into account the typical timing offset range currently tested.As an example, in case B with ISD=500ms (i.e., cell radius=289m), the propagation delay difference alone (i.e., excluding difference of BS Timing Alignment Errors) can reach 0.96us , but the total timing offset at the UE can still be within the tested range with proper shifting of the RRH timing.
Option 2. Not capturing BS implementation aspects
As an example, in case B (ISD = 500 m, cell radius = 289 m), the propagation delay difference could be assumed of about 0.96 use. 
Option 3: only saying it is in test range (current version) 
As an example, in case B (ISD = 500 m, cell radius = 289 m), the propagation delay difference alone (i.e., excluding difference of BS Timing Alignment Errors) can reach 0.96us and the timing offset is covered by the tested range.
Way forward:
2 CoMP interference averaging
R4-132209
Further discussion on interference averaging measured on IMR
Qualcomm Incorporated

R4-132439
Interference averaging on IMR
 MediaTek Inc.

R4-132490
Simulation results of IMR averaging and restriction
Samsung

R4-132673
Considerations on limiting UE interference averaging
Nokia Siemens Networks, Nokia Corporation

R4-132702
Further considerations on IMR averaging
 Renesas Mobile Europe Ltd.

R4-132720
Further system level simulation results on IMR averaging issue
MediaTek Inc

R4-132732
Way forward on IMR averaging for TM10
Ericsson, ST-Ericsson, Samsung
Discussion:
Options：
· Option 1: There is no need to restrict IMR based interference averaging for Rel-11.
· Option 2: IMR based interference averaging should be restricted to latest SF and one subband. 

· Option 3: RRC signaling should be introduced to specify IMR based interference averaging behavior. 
· Option 4: 

· Multiple CSI processes configured (for UE supporting feature group 7-1)

· The UE is restricted to have 1ms IMR averaging period.

· Static tests should be defined in such a way to verify the correct UE behavior

· Single CSI process configured (either UE supporting feature group 7-0 or for UE supporting feature group 7-1)

· Two states are defined/signalled by the network

· State 1: 1ms averaging

· State 2: Define the allowed interference averaging up to TBDms 

QC: if restrict the interference measurement, it will break the periodic CSI reporting

Samsung: it can be resolved by eNB configuration since eNB has better knowledge of CSI reporting configuration and interference condition. 

QC: Periodic CQI design is based on interference across IMR is constant. 

Samsung: interference mismatch between different IMR resources can be aware by eNB. It can be resolved by eNB implementation. 

QC: RAN4 need further check this periodic CQI issue. 

NSN: Instant CQI reporting will not provide enough samples for eNB to do average. 

Renesas: what’s the relationship between periodic CQI issue and IMR averaging? There is no problem in UMTS

QC: the argument of restricting IMR measurement is interference over IMR resource is varied in time domain. If this argument is valid, there will be periodic CQI reporting issue. 

E///: what is core requirement for UE to perform interference measurement?

NSN: extreme long averaging is not realistic 

E///: in the existing CSI test, there is no time domain interference variance. 

QC: we are proposing IMR test in fading, by introducing such test, excessive averaging can be tested

Renesas: suggest to provide the information for maximum period for IMR averaging, Renesas is using 2 samples. 

Samsung: 1 or 2 samples

Intel: we have concerns for align this maximum period. 

QC: suggests continue offline discussion on periodic CQI issue this meetings

HW: suggest to consider the following options for periodic CQI issue: 

· For periodic CQI -> no restriction

· For aperiodic CQI -> restriction 
NSN: for aperiodic CQI, scheduling cost needs consideration 

E///: suggest to continue discuss the following states in next meeting: 

· Two states are defined/signalled by the network

· State 1: 1ms averaging

· State 2: Define the allowed interference averaging up to TBDms 
MTK: if the strict deadline is set, we are going to send LS to RAN about whether there is spec impact or not. 

DCM: we also would like to know clearly about the restriction will not have harm to network performance. 

MTK: suggest companies to bring the evidence to show the restriction will break current spec or not in next meeting. 

E///: some analysis about different UE behavior impact to network performance under CoMP scenario. 
Way forward:
Next meeting is deadline to response LS to RAN plenary about conclusion of RAN4 discussion. 
3 UE demodulation test cases( 36.101) 
R4-132098
Simulation results on FAE compension for DL CoMP
NEC

R4-132144
Testing for verification of correct SNR estimation
Renesas Mobile Europe Ltd

R4-132210
Remaining issues on DL CoMP PDSCH demodulation test
Qualcomm Incorporated

R4-132293
Further investigation on open issues of DL CoMP demodulation tests
Intel Corporation

R4-132437
More evaluation on issues of CoMP demodulation tests
MediaTek Inc.

R4-132462
Discussion on UE demodulation test case for DL CoMP
LG Electronics

R4-132492
View on open issues for CoMP TM10 PDSCH demodulation test
Samsung

R4-132494
View on test cases design for CoMP TM10 PDSCH demodulation test
Samsung

R4-132633
Further consideration on DL CoMP demodulation tests for TM10 UE
Huawei, HiSilicon

R4-132639
Framework document for quasi co-location impact on TM10 UE demodulation requirements (Version 5)
Huawei, HiSilicon

R4-132862
Consideration on CoMP test setup
Renesas Mobile Europe Ltd.

R4-132897
CoMP PDSCH test set up
Ericsson, ST-Ericsson
Agreements of last meeting:
	· 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 behaviour 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 behaviour 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.


Discussion:
Issue 1: 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.
· Option 1: Test1 Support company: Samsung, Renesas
· Option2: Test2 Support company: QC,LGE,E///,Intel, 
QC: suggest discussing overview of test cases first. Samsung proposal could be used as starting point

E////: we need to discuss whether we would like to test SFN scenario first. 

Renesas: first to discuss CRS-IC assumption first.  

Issue 2: FFS whether to introduce a test based on non-colliding case in CoMP scenario 3 to verify PDSCH demodulation performance 
· Option1: Not necessary

· Option2: Only applicable for UE which support CRS-IC
Issue 3: FFS whether to assume CRS-IC. 
· Option1: CRS-IC should not be assumed for CoMP tests
· Option2: CRS-IC should be assumed as baseline receiver for test2
· Option3: Separate test cases based on UE capability of CRS_IC, one case with colliding CRS for for UE without the capability of CRS_IC, With CRS no-colliding case for for UE which supports CRS_IC.
Renesas: need to analysis the impact of no ABS subframe information provided 
Issue 4: FFS whether to introduce additional DPS test for feature 7-1 UE only on top of what already agreed.
· Option1: Introduce one additional test case based on CoMP sceanrio3

· Option2: Introduce one additional test case based on CoMP sceanrio4
· Option3: Revise current test1to DPS for 7-1 UE

· Option4: Revise both test1 and test 2 to DPS for 7-1 UE
FFS in next meeting whether to introduce DPS test in CoMP scenario 3 

Issue 5: Timing offset model 
· Option1: Set two test point for -0.5 and 2us

· Option2: Fixed as 2us

· Option3: Dynamic timing offset model
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· Option 4: Define two test points, one is set to the edge of the agreed offset, 2us and the other is randomly generated within a certain range, i.e. [-0.5, 2]us which can discriminate different UE behaviors
· Option 5: Timing error is dynamically changed between -0.5musec and 2musec according to a certain pattern. The pattern is transparent to the UE. For each timing changes a certain amount of subframes are dropped, S, to avoid transition issues. In the simulation results provided S=2. The percentage of subframes for which the timing error is 2musec is 75%.
Aritsu: Option 3 is complex. Option 5 and 4 is feasible. 

QC: prefer Option 1

Intel: prefer Option 1. Considering the dynamic timing model only in DPS test.

E///: 7-0 UE still need to pass the test with dynamic timing model

Samsung: with fixed timing offset, especially for -0.5us, behaviour A and behaviour B cannot be separated.  

FFS in next meeting for option 4 and option 5. 
· Option 4: Define two test points, one is set to the edge of the agreed offset, 2us and the other is randomly generated within a certain range, i.e. [-0.5, 2]us which can discriminate different UE behaviors

· Option 5: Timing error is dynamically changed between -0.5musec and 2musec according to a certain pattern. The pattern is transparent to the UE. For each timing changes a certain amount of subframes are dropped, S, to avoid transition issues. The percentage of subframes for which the timing error is 2musec is 75%.
Way Forward:
4 CSI Test Cases(36.101) 
R4-132212
Further discussion on DL CoMP CSI test
Qualcomm Incorporated

R4-132496
View on RI test case design for TM10
Samsung

R4-132643
Further consideration on DL COMP CSI tests
Huawei, HiSilicon

R4-132652
Framework document for downlink CoMP CSI test (Version 3)
Huawei, HiSilicon

R4-132742
CSI Test set up for fading conditions
Ericsson, ST-Ericsson

R4-132765
CSI Test set up for static channel conditions
Ericsson, ST-Ericsson
Agreements in last meeting: 
	· Multiple CSI processing capability is tested in fading CQI test

· Pending discussion on IMR averaging

· Proper IMR usage and IMR averaging is tested in static CQI test

· Configuring multiple CSI processes to verify 7-1UE correct IMR implementation is not precluded
· Fading CQI test

· CoMP scenario 3 with colliding CRS

· FFS for timing and frequency offset in test setup

· Frequency selective fading [Clause B.2.4] channel for TP1 and wideband fading [EPA5] channel for TP2

· Baseline approach (pending the feasibility study of delta CQI metric)

· Apply Rel-10 reporting accuracy metric on one selected CSI process and distribution metric on all configured CSI processes

· Introduce delta CQI requirement to verify UE reporting accuracy for all configured CSI processes upon confirmed by simulation results

· Alternative option

· Apply Rel-10 reporting accuracy metric on at least 2 selected CSI process and distribution metric on other configured CSI processes


Discussion:
Issue 1: Test framework for static CQI test

· Antenna configuration and PMI
· Target TP: 4*2/2*2 Reusing B.1:  [image: image3.wmf]÷
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 with fixed PMI
· FFS for interference TP antenna configuration and PMI
HW: TM3 OCNG can also be configured for interference TP 
· Whether to configure multiple CSI processes in static CQI test
· Option1: Single test based on single CSI process

· Option2: 2 separate test case based UE capability 
· Interference setting for different REs
· Option1: 
[image: image5.emf]IMR CRS CSI-RS PDSCH RE

P

PDSCH_TP1

+N

OC

P

CRS_TP1

+N

OC

N

OC

P

PDSCH_TP0

+P

PDSCH_TP1

+N

OC

Observing RE resource

Interference level


· Option2:

	Iot Level
	NZP CSI-RS resource 1
	IMR1
	Other REs

	CSI Subframe
	Noc+PTP2
	Noc
	Noc+PTP2

	PDSCH Subframe
	N/A
	N/A
	Noc


· Option 3: Similar as option 1 except power level in CRS is Noc

· Option 4: Dynamic change the power level in CRS, CSI-RS and IMR 
E///: power setting should be decided based on decision of IMR averaging
Issue 2: Test framework for fading CQI test
· Propagation Channel and antenna configuration 
· Option1: 2-tap CQI channel for TP1 and EPA for TP2 with high correlation

· Option2: ETU for TP1, EPA for TP2 with low correlation
· Test metric

· Baseline approach (pending the feasibility study of delta CQI metric)

· Apply Rel-10 reporting accuracy metric on one selected CSI process and distribution metric on all configured CSI processes

· Introduce delta CQI requirement to verify UE reporting accuracy for all configured CSI processes upon confirmed by simulation results

· Power setting 

· Power imbalance between TP1 and TP2, PTP1/PTP2 = 5dB/4dB
· SNR setting for TP1: PTP1/Noc = 15dB/9dB/14dB
· Timing offset and frequency offset between TPs

· Synchronized
· 2us/30Hz 
Issue 3: Test cases design for RI test
Proposal1: Introducing RI test under CoMP for such purpose:

· Reporting RI accuracy based on IMR

· UE implementation on “RI-reference-process” (only applicable for 7-1 UE)
Proposal2: Reusing test configuration and test metric for TM9 RI test to verify reporting RI accuracy i.e. test 2 for TM9 can be selected as reference test case.

Proposal 3: Using dynamic interference levels between IMR and other REs to verify RI calculation based on IMR.

Proposal4: Adding artificial CSI process with different MIMO correlation for channel part and interference levels compared to reference-RI-process to verify UE implementation on RI inheritance.

WF:
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