3GPP TSG-RAN WG4 #66bis
R4-131300
April 15th – April 15th, 2013, Chicago
Agenda item:
6.11.2
Source: 
Qualcomm Incorporated
Title: 
DL CoMP demodulation test
Document for:
Discussion
1. Introduction
As most of issues related to DL CoMP specification was finalized in RAN1 #71, RAN4 started discussion to define DL CoMP performance requirement in RAN4 #66.  For demodulation test, there were major agreements regarding key features to be verified in CoMP demodulation test as captured in WF [1]
· It has been agreed to test the following features in the context of PDSCH demodulation tests:
· QCL characteristics
1. UE performs correct timing offset compensation according to PQI signaling 
2. UE performs correct frequency offset compensation according to PQI signaling
3. UE performs correct SNR estimation based on DM-RSs rather than CRSs 
4. UE performs correct channel parameters estimation (e.g. delay spread, PDP ) according to PQI signaling
5. UE performs correct rate matching around NZP CSI-RS resource, ZP CSI resource and the configured CRS according to PQI signaling
· Features
1. UE supports the dynamic point change for PDSCH transmission
· FFS for feature 7-1 UE only or for 7-0 and 7-1
2. FFS to test TM10 JT from multiple transmission point.
· Baseline receiver algorithm for frequency and timing compensation may be defined for the purpose of alignment of the simulation results.
· The CoMP scenario to use in the test(s) is FFS.
· In this meeting most of the companies prefer single test pending feasibility study. Using multiple tests is not precluded at this time.
For timing and frequency offset value for CoMP demodulation test case design, following was agreed [2]. 
· The frequency offset of 200Hz at PDSCH transmission point w.r.t the serving cell is agreed as assumption for defining the performance requirement for TM10 UE behavior B. 
· The timing offset range [-0.5, 2] us at PDSCH transmission point w.r.t the serving cell is agreed as assumption for defining the performance requirement for TM10 UE behavior B. 
· Both positive and negative value should be covered in the test cases design 
· Companies are invited to provide the detailed test cases based on agreed frequency offset and timing offset range assumption in the next meeting. 
In this contribution, we further discuss remaining issues in CoMP demodulation test case design and provide detailed test case. 
2. Discussion

2.1. Baseline assumption
In [3], we provided discussion on key aspects of TM10 CoMP demodulation and proposed following as a baseline assumption for test case design. 
· Reuse TM9 demodulation test framework as much as possible for TM10 CoMP demodulation test.

· TM10 CoMP demodulation test should be designed to verify proper PDSCH rate matching and timing and frequency error compensation between TPs for behavior B UE based on dynamic PQI signaling.

· For CoMP deployment scenario, consider scenario 3 with colliding CRS and assume both timing and frequency offset between TPs. 

· For UE with multiple CSI process capability, define TM10 demodulation test based on 2 TP setup with dynamic TP switching between TP1 and TP2.

· For UE with single CSI process capability, define TM10 demodulation test based on 2 TP setup with PDSCH transmission from only TP2.

· Define separate TM10 demodulation test for single CSI process and multiple CSI process UE. There is no need to configure CSI feedback in the test. 
2.2. Single test vs. multiple test
Regarding how test case is defined to verify agreed UE capability and performance requirement for DL CoMP, two distinct approaches were proposed in last meeting. One approach was trying to define single test case to verify all the features and the other approach was defining multiple tests specifically tailored for each feature. Considering that RAN4 has always tried to minimize the number of test cases and thus reduce test cost by defining test case for set of features except when combining is not feasible by the nature of the test, we prefer single test approach for DL CoMP demodulation test design. 
One exception is dynamic TP switching that can be applied only for UE with multiple CSI process capability.  For multiple CSI process UE, RAN4 agreed to define demodulation test case with dynamic TP switching. However, for single CSI process UE, UE can be configured with only one CSI-RS and thus can support only semi-static TP switching based on RRC signaling. Test case design for single CSI process UE should consider this limitation into account. Thus, we propose following. 
Proposal 1: Define two separate test cases for multiple CSI process UE and single CSI process UE. 

Proposal 2: Each test case should cover all DL CoMP features. 

2.3. Joint transmission test
Joint transmission is one flavor of DL CoMP transmission that allows simultaneous PDSCH transmission from multiple TPs. Even though joint transmission might allow system capacity improvement, it requires further channel state feedback from UE, which was not adopted in Rel-11 TM10. Considering that new signaling support for TM10 is mainly targeted for dynamic TP switching and that there has been no detailed UE performance study for joint transmission both in RAN1and in RAN4, RAN4 should not consider joint transmission at this moment.  RAN4 might be able to discuss it later when signaling support for joint transmission is adopted into specification. Thus, we propose following. 
Proposal 3: Exclude joint transmission from Rel-11 DL CoMP demodulation test. 

2.4. Receiver algorithm for timing and frequency compensation
For timing and frequency error compensation for PDSCH transmitted from non-serving cell, UE is supposed to rely on PQI signalling in DCI 2D to determine quasi-collocated CSI-RS and CRS with DM-RS. CSI-RS is supposed to be quasi-collocated with DM-RS w.r.t {delay spread, Doppler spread, Doppler shift, average delay} and might be used for both timing and frequency error compensation. However, for frequency error compensation, CSI-RS cannot provide enough estimation range due to large CSI-RS periodicity. That’s the reason why RAN1 decided to introduce PQI signaling for quasi-collocated CRS. CRS is supposed to be quasi-collocated with DM-RS w.r.t {Doppler spread and Doppler shift} and can be used only for frequency offset compensation. Thus, CSI-RS based timing error compensation and CRS based frequency error compensation can be considered as a baseline receiver algorithm for DL CoMP. 
However, contribution [4] proposed to consider DM-RS based frequency offset compensation as a baseline and CRS based compensation as a fallback mode for small PRB allocation case. This approach cannot be accepted in RAN4 due to following reasons. 
· If RAN4 takes DM-RS based frequency offset compensation as a baseline receiver, it effectively nullifies RAN1 decision for quasi-collocated CRS signaling.
· DM-RS is available only when PDSCH is scheduled to a UE. Therefore, without PDSCH scheduled to a UE, UE cannot compensate for frequency error for CSI-RS, which will degrade CSI feedback performance based on CSI-RS channel estimation. 
· Frequency error estimation would be less reliable due to smaller processing gain of DM-RS than CRS in both frequency and time domain. 
· One important implication of quasi-collocated CRS signaling was that network should maintain good frequency synchronization among TPs in CoMP scenario 4 since UE cannot compensate for frequency error between TPs sharing same CRS. If DM-RS based frequency compensation is taken as UE baseline algorithm, network vendors might misinterpret it as allowing frequency error between TPs in CoMP scenario 4, which will degrade UE performance following RAN1 decision based on CRS based frequency compensation. 
Based on these analysis, we propose following. 
Proposal 4: Consider CSI-RS based timing compensation and CRS based frequency compensation as baseline UE algorithm for CoMP demodulation test. 
2.5. CoMP deployment scenario
In [3], we proposed to consider CoMP deployment scenario 3 with colliding CRS for demodulation test design. Scenario 3 was selected instead of scenario 4 to be able to emulate both frequency and timing error compensation in the test. In scenario 4, TPs are not allowed to have large frequency offset since UE cannot compensate frequency offset between TPs sharing same CRS. For CRS collision, we proposed colliding CRS to limit the effect of CRS collision to frequency offset estimation. Figure 1 and 2 show CSI-RS configuration in CSI-RS subframes for multiple CSI process UE test and single CSI process UE test respectively. Note that CSI feedback is not configured even though CSI-RS and IMR are configured. 
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Figure 1.CSI-RS configuration for CoMP demodulation test of multiple CSI process UE
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Figure 2.CSI-RS configuration for CoMP demodulation test of single CSI process UE

TP2 is configured to have frequency offset of 200Hz relative to TP1 in the test. In order to verify both positive and negative timing offset, we propose to define 2 subtests with 2us timing offset and -0.5us timing offset. We also propose to configure CRS power of TP1 to be higher than CRS power of TP2 by at least 8dB. If UE can handle only small CRS bias in frequency offset compensation, CoMP scheduling can be applied only small fraction of UEs in the network. UE should rely on CRS-IC to estimate frequency offset reliably in the presence of large CRS bias. 
Proposal 5: Define 2 subtests with 2us timing offset and -0.5us timing offset to verify both positive and negative timing offset compensation. 

Proposal 6: Configure CRS power of TP1 to be higher than CRS power of TP2 by at least 8dB. 

2.6. Dynamic TP switching
For multiple CSI process UE, TP for PDSCH transmission is 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 particular 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 7: Select TP for PDSCH transmission based on fixed TP selection pattern similar to ABS pattern. 

On the other hand, for single CSI process UE, PDSCH is always transmitted by TP2. UE is configured with only one NZP-CSI-RS that is transmitted from TP2. 
3. Test framework

Table 1 lists test parameters for TM10 PDSCH demodulation test based on discussion in section 2. It can be further noted that
· CRS power offset between TP1 and TP2 is 8dB to verify reliable frequency offset estimation from weak CRS.

· PDSCH RE power could be different from CRS RE power to verify that UE performs correct SNR estimation based on DM-RSs rather than CRSs.

· Channel from TP1 has different power delay profile from channel from TP2 to verify that UE performs correct channel parameters estimation based on PQI signaling.
Table 1.Test parameters for TM10 demodulation 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
	TP1 cell ID : 0

TP2 cell ID : 6

	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 between TPs
	-0.5us, 2.0us

	frequency error between TPs
	200Hz

	CRS power 
	Es1/Noc=22dB
Es2/Noc=14dB

	antenna configuration
	2x2

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

	PDSCH allocation
	TBD

	PDSCH power
	TP1 PDSCH power : TBD

TP2 PDSCH power : TBD

	Max HARQ transmission
	4

	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

	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 2

	MCS
	TP 1 PDSCH MCS: TBD

TP 2 PDSCH MCS: TBD


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: Define two separate test cases for multiple CSI process UE and single CSI process UE. 

Proposal 2: Each test case should cover all DL CoMP features. 

Proposal 3: Exclude joint transmission from Rel-11 DL CoMP demodulation test. 

Proposal 4: Consider CSI-RS based timing compensation and CRS based frequency compensation as baseline UE algorithm for CoMP demodulation test.

Proposal 5: Define 2 subtests with 2us timing offset and -0.5us timing offset to verify both positive and negative timing offset compensation. 

Proposal 6: Configure CRS power of TP1 to be higher than CRS power of TP2 by at least 8dB.

Proposal 7: Select TP for PDSCH transmission based on fixed TP selection pattern similar to ABS pattern.
We recommend considering our proposals and test framework in the discussion to define TM10 PDSCH demodulation test. 
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