3GPP TSG-RAN WG4 Meeting #66




                        
       R4-130438
St Julian’s, Malta, 28th January – 1st February 2013
Source: 
Huawei, HiSilicon
Title: 
Considerations on timing offset tests in non-co-located antenna deployments
Agenda Item:
6.12.2
Document for:
Discussion
1 Introduction
In recent RAN4 meetings, the impact of geographically non co-located antenna deployments on UE demodulation performance has been investigated. It was agreed in RAN4 to study the impact of time offset and frequency offset respectively under RAN1’s assumption, and then introduce test cases to make sure a UE has proper implementation. In this contribution, we share our considerations on timing offset test cases for antenna ports non co-location deployments. A companion contribution about frequency offset test can be found in [1].
2 Discussion
2.1  Definition of UE behaviour
It was agreed in RAN1 that a Rel-11 UE can support at most two UE behaviours for the quasi co-location assumptions between RSs of different types [2]:

Behaviour A: CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {Doppler shift, Doppler spread, Average delay, delay spread}
Behaviour B: CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average gain, Average delay} with the following exception: PDSCH DMRS and a particular CSI-RS resource indicated by physical layer signalling may be assumed as quasi co-located wrt {Delay spread, Doppler spread, Doppler shift, Average delay}.
In addition, some agreements for antenna ports quasi co-location (QCL) Behaviour B were made in RAN1 #71 [3]:

· For Behavior B:

· For each CSI-RS resource, the network shall indicate by RRC signaling that CSI-RS ports and CRS ports of a cell may be assumed as quasi co-located wrt the following properties
· {Doppler shift, Doppler Spread}

Behaviour B is intended by RAN1 to be the UE behaviour typically applicable for UEs supporting DL CoMP, and the network configures the appropriate UE behaviour based, e.g., on the deployment. 
2.2  Expected UE implementation
Based on RAN1’s agreement, a Rel-11 UE may have the following two implementations:
UE Behaviour A: For UE who is configured with QCL Behaviour A, the implementation could be the same as a legacy UE due to the quasi co-location assumptions between RSs of different types.

UE Behaviour B: For UE with QCL Behaviour B configuration, it is expected to take a linked CSI-RS resource and a linked CRS to help estimate the timing offset and frequency offset between the serving cell and the TP transmitting PDSCH, respectively. CSI-RS may also be used to estimate the large-scale channel properties of the TP transmitting PDSCH. With such information, UE could correctly perform channel estimation and phase adjustment caused by timing and/or frequency offset, and it would help CSI measurement or data demodulation achieve better performance. On the other hand, the UE is assumed to use a single FFT timing to perform PDCCH and PDSCH demodulation related operations. Therefore, it is agreed in RAN4 that UE acquires time and frequency synchronization over CRS from serving cell, and then does post FFT phase correction in frequency domain based on the estimated timing or frequency offset.
Note that for QCL behaviour B, the linked CRS and PDSCH may be assumed as quasi co-located only wrt {Doppler shift, Doppler Spread}, which implies that UE should not use linked CRS to perform any time synchronization related operation, e.g., time offset estimation or channel large-scale properties estimation in this case. 
2.3  Considerations on setting test cases
Since two different UE behaviours are defined in RAN1 for a Rel-11 UE for DL CoMP scenario, it is necessary to introduce corresponding test cases in RAN4 to make sure it could perform properly in such geographically non co-located antenna deployments. Some considerations about setting test cases are listed as follows:
· There is no need to test UE Behaviour A.

· Two cells should be explicitly modelled to construct a geographically non co-located antenna deployment.

· The transmit power ratio of the two cells could be determined by system level simulation.

· The test parameters should be set in order to discriminate between a good and bad behaviour for UE, so the UE who acts in an improper behaviour would not be supposed to pass the test.
· The tests should focus on the impact of timing and frequency offset, so it is better not to introduce other factors which may deeply affect the throughput performance, e.g., interference from neighbour cell.
· The impact of time offset and frequency offset should be considered respectively.

· If possible, define a reference implementation for a good UE behaviour for the purpose of having a better alignment among companies’ results in RAN4.
It is proposed to take above considerations into account when setting non quasi co-location tests.
2.4  Discussion on timing offset tests
In this section we further discuss simulation assumptions of non quasi-co-located antenna deployment for timing offset tests.
1. Test scenarios
The reference deployment is exemplified in Figure 1 as described in [2]. The UE is placed arbitrarily on the line intersecting the two transmission points. Three CoMP reference scenarios of non-quasi-co-located antenna deployments are suggested to RAN4 for consideration and are briefly summarized in Table 1.
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Figure 1: Reference deployment. Each point transmits DMRS only when PDSCH is transmitted from that point.

TP1 is the serving cell transmitting PDCCH, TP2 is the TP transmitting PDSCH and DMRS. For UE with QCL behaviour B, it is expected to use CSI-RS resource B or DMRS for timing offset estimation and PDP estimation. From UE implementation point of view, there is no difference for a good UE behaviour no matter the network is configured as CoMP Scenario 3, Scenario 4, or Scenario 4 with an SFN manner. However, for an inappropriate UE behaviour which is wrongly taking linked CRS for time synchronization, it would be impossible to discriminate between such a wrong UE behaviour and a proper UE behaviour if the network is configured in Scenario 3. 
Proposal 1: CoMP Scenario 3 should not be defined as the scenario for timing offset tests. CoMP Scenario 4 (with or without SFN) can be used in the test.
Table 1: Summary of three reference scenarios
	Scenario
	TP1
	TP2

	
	CRS
	CSI-RS
	Linked CRS
	CRS
	CSI-RS
	Linked CRS

	CoMP Scenario 3
	Cell-ID A
	Resource A
	Cell-ID A
	Cell-ID B
	Resource B
	Cell-ID B

	CoMP Scenario 4
	Cell-ID A
	Resource A
	Cell-ID A
	-
	Resource B
	Cell-ID A

	CoMP Scenario 4 (SFN)
	Cell-ID A
	Resource A
	Cell-ID A
	Cell-ID A
	Resource B
	Cell-ID A


2. CoMP scheme selection
As mentioned above, when setting test cases to evaluate the impact of timing offset, it is better not to introduce other factors which may deeply affect the throughput performance, e.g., interference from neighbour cell. Therefore, from test point of view, DPB (Dynamic Point Blanking) should be selected as the transmit scheme, so that there is no need to transmit PDSCH for TP1. 
Proposal 2: There is no need to transmit PDSCH for TP1.
3. Channel model
According to the description in [4], when considering the network deployment models for system-level evaluation of CoMP Scenario 3 and 4, it was agreed to take ITU urban macro (UMa) channel model for Macro cell, urban micro (UMi) channel model for low power node as the baseline case. UMa channel model is defined for a typical urban macro-cell scenario with a maximum tap delay of 640ns for LoS clustered delay line model and 1885ns for NLoS clustered delay line model. UMi channel model is for microcellular test environment, where mostly there is LoS from all locations to the LPN, the maximum delays of LoS and NLoS clustered delay line models are 420ns and 730ns respectively [5]. For RAN4 test scenarios, three delay profiles EPA, EVA, and ETU with corresponding maximum delays of 410ns, 2510ns, 5000ns are included to be representative of low, medium and high delay spread environments. For a CoMP UE, it may receive data from macro cell or LPN in a DPS/DPB mode, comparing the maximum delays between the two kinds of channel model, EPA and/or EVA could be a more realistic scenario for UEs operating in CoMP.
Proposal 3: Define test requirements for EPA and/or EVA channel model.
4. Timing offset
The received timing offset between TPs seen by a CoMP UE is also discussed a lot in last RAN4 meeting [6]. Assume that LPN is located at the extreme edge of the base station, UE is located right under the LPN, and the propagation delay from LPN to UE is negligible, then the worst case of timing offset would be the sum of the propagation delay from macro to UE and the maximum tap delay of macro channel environment. 
Base on RAN1’s discussion, the typical network topology of system-level simulation is that base stations are placed in a regular grid, following hexagonal layout. A basic hexagon layout for simulation is a wrap-around configuration of 19 sites with three cells per site. Figure 2 shows an example layout of three sites; each has 3 cells. RAN1 assumes the inter-site distance (ISD) between two eNBs is 500m, so the largest distance from eNB to UE is about 289m as the blue line in the figure, and the propagation delay would be 0.962us.

[image: image2.emf] 

I

S

D

 

5

0

0

m


Figure 2: Example of network topology.
As the above discussed, UMa channel model for a typical urban macro-cell environment is defined with a maximum tap delay of 640ns for LoS clustered delay line model and 1885ns for NLoS clustered delay line model. Since there is the possibility that LoS could be blocked by buildings or busses on the street, NLoS model is considered. Then the maximum timing offset between TPs seen by a CoMP UE is about 0.962us + 1.885us ≈ 3us.
Here we investigate the demodulation performance impact of different timing offsets between two TPs according to the simulation assumptions listed in Annex. CoMP deployment 4 is the simulation scenario: Two transmission points TP1 and TP2 which share the same cell ID are explicitly modelled, only TP1 is assumed to transmit CRS. The UE receives CRS A, CSI-RS resource A and control channels from TP1; receives CSI-RS resource B, DMRS and PDSCH from TP2, and it is indicated by physical layer signalling that Behaviour B is configured. From UE’s perspective, there are three kinds of implementation: UE-B, perform CSI-RS post FFT compensation; UE-B, perform CRS post FFT compensation; UE-A, no compensation. The simulation results are presented in Figure 3 and Figure 4.
Results of timing offset [-0.5, 2.5]:
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(a) Impact of timing offset; Scenario 4; EVA5; 50RB; 64QAM 3/4; Delay -0.5us

 

 

Ideal timing

UE-B, CSI-RS compensation

UE-B, CRS compensation

UE-A, No compensation

 [image: image4.emf]4 6 8 10 12 14 16 18 20 22 24

0

5

10

15

20

25

SNR(dB)

Throughput(Mbit/s)

(b) Impact of timing offset; Scenario 4; EVA5; 50RB; 64QAM 3/4; Delay 2.5us
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(c) Impact of timing offset; Scenario 4; EVA5; 50RB; 16QAM 1/2; Delay -0.5us
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(d) Impact of timing offset; Scenario 4; EVA5; 50RB; 16QAM 1/2; Delay 2.5us
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(e) Impact of timing offset; Scenario 4; EVA5; 50RB; QPSK 1/3; Delay -0.5us
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(f) Impact of timing offset; Scenario 4; EVA5; 50RB; QPSK 1/3; Delay 2.5us
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Figure 3: Results of timing offset [-0.5, 2.5].
Results of timing offset [-1, 2]:
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(a) Impact of timing offset; Scenario 4; EVA5; 50RB; 64QAM 3/4; Delay -1us
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(b) Impact of timing offset; Scenario 4; EVA5; 50RB; 64QAM 3/4; Delay 2us
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(c) Impact of timing offset; Scenario 4; EVA5; 50RB; 16QAM 1/2; Delay -1us
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(d) Impact of timing offset; Scenario 4; EVA5; 50RB; 16QAM 1/2; Delay 2us
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(e) Impact of timing offset; Scenario 4; EVA5; 50RB; QPSK 1/3; Delay -1us
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(f) Impact of timing offset; Scenario 4; EVA5; 50RB; QPSK 1/3; Delay 2us
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Figure 4: Results of timing offset [-1, 2].
From Figure 3 and Figure 4, we have the following observations:

· For positive time delays, it is easy to set test cases to discriminate between good UE behaviour (UE-B, perform CSI-RS post FFT compensation) and bad UE behaviours (UE-B, perform CRS post FFT compensation or UE-A, no compensation).
· For negative time delay of -0.5us, the performance difference of different UE implementations is too small to achieve the goals of setting test cases. For a larger negative time delay of -1us, the difference is larger, but the performance loss is also larger due to the introduction of severe inter-symbol interference (ISI). Therefore, there is no need to set requirement for negative time delay.
Based on the above discussion, we have following proposals:

Proposal 4: Define test requirements for a timing offset range of [-0.5, 2.5] us.
Proposal 5: Define timing offset tests for a large positive time delay 2.5us to discriminate UE behaviours.

Proposal 6: It seems no need to define timing offset tests for a negative time delay.
3 Conclusion

This contribution further discusses the impacts of timing error with non quasi-co-located antenna deployment on UE demodulation performance. Based on the discussion, we propose the following:
Proposal 1: CoMP Scenario 3 should not be defined as the scenario for timing offset tests. CoMP Scenario 4 (with or without SFN) can be used in the test.
Proposal 2: There is no need to transmit PDSCH for TP1.
Proposal 3: Define test requirements for EPA and/or EVA channel model.
Proposal 4: Define test requirements for a time offset range of [-0.5, 2.5] us.
Proposal 5: Define timing offset tests for a large positive time delay 2.5us to discriminate UE behaviours.

Proposal 6: It seems no need to define timing offset tests for a negative time delay.
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Annex: Simulation assumptions
Table 2: Simulation Assumptions 
	Parameter
	TP 1
	TP 2

	Carrier frequency
	2 GHz
	2 GHz

	System bandwidth
	10 MHz
	10 MHz

	Cell ID
	0
	0

	Channel model and Doppler frequency
	ETU5
	EVA5

	Transmission mode
	N/A
	TM10

	MIMO configuration
	2x2 low
	2x2 low

	CRS configuration
	Antenna ports 0,1
	Antenna ports 0,1

	CSI reference signals
	N/A
	Antenna ports 15,16

	Resource allocation (RB)
	N/A
	50

	Linked CSI-RS
	CSI-RS resource 0
	CSI-RS resource 1, which is quasi-collocated with DMRS wrt { Delay spread, Doppler spread, Doppler shift, Average delay }

	Linked CRS
	Cell ID 0
	Cell ID 0, which is quasi-collocated with linked CSI-RS wrt { Doppler spread, Doppler shift }

	Rank
	N/A
	1

	PMI
	N/A
	Random PMI

	Modulation and Code rate
	N/A
	64QAM 3/4, 16QAM 1/2, QPSK 1/3

	HARQ
	N/A
	8 HARQ processes and max 4 transmissions

	Channel estimation
	Practical
	Practical

	PDP estimation
	Practical
	Practical

	Received timing delay (us)
	0
	0/-1/-0.5/2/2.5

	Frequency offset (Hz)
	Ideal
	Ideal

	Cyclic prefix
	Normal
	Normal

	Simulation length
	10000 sub-frames
	10000 sub-frames
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