3GPP TSG-RAN WG4 RAN4 #65                                     R4 -126422  

New Orleans, US, Nov, 12th-16th,2012 

Agenda item:
6.1.7
Source: 
Samsung 

Title: 
Discussion and simulation results for timing offset on non-collocated antennas 

Document for:
Discussion 

1
Introduction
In recently meeting, RAN1 has reached several agreements for antenna ports mapping onto geographically separated antennas. Regarding the collocation of different RS type, it is agreed inRAN1’s LS [1] that Rel-11 UE supports at most two UE behaviours for the quasi co-location assumptions between RS of different types 

a) Behavior A: CRS, CSI-RS and PDSCH DMRS may be assumed as quasi co-located wrt {Doppler shift, Doppler spread, Average delay, delay spread}

b) Behavior B: CRS, CSI-RS, and PDSCH DMRS shall not be assumed as quasi co-located with regarding to {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 signaling may be assumed as quasi co-located with regarding to {delay spread, Doppler spread, Doppler shift, average delay}
Now, RAN4 is discussing how to verify UE’s correct implementation on Behaviour B, and in last RAN4 meeting a simulation assumption was agreed in [2] to evaluate the effect of timing offset and frequency offset on UE demodulation performance. 
In this contribution, we firstly summarize and analyze several options for timing offset corrections which were discussed in RAN4 and then evaluate UE performance with different timing offset correction methods.
2 Analysis
It is common understanding in RAN4 that there will be no additional timing alignment and frequency error requirements for BS. To verify UE behaviour B performance, RAN4 should define certain test cases with typical timing offset and frequency offset between different transmission points in CoMP scenario. Regarding how to decide which is typical timing offset and frequency offset value, the principle below can be followed:

(1) If UE implements correct Behavior B, the performance degradation caused by timing/frequency offset is acceptable, e.g. < 1.0dB~2.0dB.

(2) If UE doesn’t implement Behavior B, such bad UE implementation should fail in the design test case.

However, the maximum timing/frequency offsets which Rel-11 UE could cope with are highly dependent on which kind of timing/frequency offset correlation algorithms is implemented by UE. Thus, from this point of view, RAN4 need to align a baseline UE implementation firstly.
2.1 Timing offset correlation methods

Regarding timing offset correction, there are several implementation strategy depending on e.g. how to select FFT timing boundary, e.g. post FFT processing. Different implementation strategy will result in different performance degradation and different UE implementation complexity. Several options for timing corrections which discussed in RAN4 are summarized below.

Option 1: FFT timing is tracking on CRS boundary and NO phase correction in frequency domain after FFT for DM-RS/CSI-RS/PDSCH. 

This is behaviour A and may be legacy Rel-8/Rel-9/Rel-10 UE implementation. Also, this option could be considered as a bad implementation for behaviour B and should be ruled out by RAN4 test case.

Option 2: FFT timing is tracking on CRS boundary and do post FFT phase correction in frequency domain based on the estimated timing offset for DM-RS/CSI-RS/PDSCH.

As shown in the figure below, this UE implementation will suffer asymmetric performance loss for positive timing offset and negative timing offset. With post-FFT correction in option 2, UE could effectively reduce the performance degradation caused by positive timing offset. However, the performance degradation is sensitive to negative timing offset due to the un-avoidable ISI.
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Figure 2-1: timing offset compensation option2
Option 3: To reduce the performance degradation caused by negative timing offset, FFT timing is tracking on CRS boundary + a fixed timing shift (e.g. 1us) and do post FFT phase correction in frequency domain based on the estimated timing offset for DM-RS/CSI-RS/PDSCH.

Option 3 is shown as the figured below. To reduce the asymmetric performance degradation caused by positive timing offset and negative timing offset, the FFT timing boundary (i.e. FFT window) is shifted ahead with a fixed value (e.g. 1 us) in UE implementation. Besides the FFT timing adjustment, the same post FFT phase correction as option 2 is also applied.

Option 3 could significantly reduce the performance degradation caused by negative timing offset. However, due to further reduced CP length by the fixed FFT timing adjustment, the performance degradation of positive timing offset is more serious. 
To further improve the performance, the FFT timing boundary adjustment for PDSCH regions could be performed only in case of negative timing offset and the adjustment is based on the timing offset estimation as proposed in option 4.
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Figure 2-2: timing offset compensation option3
Option 4: FFT timing is tracking on CRS boundary for PDCCH region and applying an estimated timing shift for FFT timing in case of negative timing offset for PDSCH region.

With the flexible FFT timing boundary adjustment,

· For positive timing offset, FFT timing boundary adjustment is not needed, i.e. stick to the CRS boundary similar as Option 2. 

· For negative timing offset, FFT timing boundary adjustment is the estimated timing shift. Therefore, there is no ISI.
Because the quasi-collocated CSI-RS resource index is indicated in PDCCH DCI format, UE need to firstly decode PDCCH with CRS FFT timing boundary. Then, for the remaining PDSCH OFDM symbols, the associated CSI-RS FFT timing boundary will be used. 
Option 5: FFT timing boundary is dynamically changed for control symbols and PDSCH OFDM symbols within one TTI.

With Option 5, it is expected there is almost no performance loss under both positive and negative timing offset.
For both of option4 and option5 above, UE need to apply two FFT timing boundary for PDCCH and PDSCH OFDM symbols. From UE implementation point of view, the complexity of using two FFT timing boundary within one TTI is NOT acceptable. Thus, only option 2 and option 3 are feasible from UE implementation point of view.
2.2 Simulation Results 
This section we evaluate the impact of timing offset with EPA5 channel model. Three kinds of MCS, 64QAM 3/4, 16QAM 1/2, QPSK 1/3 and two kinds of resource allocations, 50RB and 3RB are considered. The time delay range is form -2us to 2us with a step of 0.5 us in the simulation. The results with ideal timing are also attached for each case as the reference. Ideal timing means no timing offset between different RS types, and UE tracking on CRS for synchronization.
Regarding timing offset correction methods, option 2 is evaluated. More detailed simulation assumptions and throughput curves with several cases are given in Annex.
Table 2-1 shows the performance degradation @70% relative throughput compared with ideal timing case for option 2. 
Based on the simulation results, it is observed that,

· For option 2, positive and negative timing offset has asymmetric performance degradation as expected. With only post-FFT phase correction, the ISI introduced by negative timing offset can’t be compensated. In case of 64QAM transmission, large performance loss is observed even with only -0.5us negative timing offset.

· For option 2 with positive delay cases, it is observed that higher MCS results in even small performance degradation. The reason may be the required SNR @ 70% relative throughputs is higher for 16QAM and 64QAM cases. The timing offset estimation accuracy will be improved in high SNR region.

Table 2-1: Performance degradation @70% relative throughput (Option 2)

	Option 2
	QPSK 50RB
	16QAM 50RB
	64QAM 50RB
	QPSK

3RB
	16QAM 3RB
	64QAM 3RB

	-2.0us
	1.2
	1.4
	INF
	1.1 
	1.4
	INF

	-1.5us
	0.8
	1.2
	INF
	1.1 
	1.1
	INF

	-1.0us
	0.3
	0.9
	INF
	1.0 
	0.7
	INF

	-0.5us
	0.2
	0.6
	5.5
	1.0 
	0.3
	2.6

	+0.0 us
	0.2
	0.2
	0.1
	0.6 
	0.0
	0.0

	+0.5 us
	0.2
	0.2
	0.1
	0.7 
	0.0
	0.2

	+1.0 us
	0.3
	0.5
	0.1
	0.9
	0.0
	0.2

	+1.5 us
	0.4
	0.8
	0.1
	1.0
	0.1
	0.2

	+2.0 us
	0.6
	0.8
	0.1
	1.0
	0.4
	0.2


3 Conclusion

In this contribution, we firstly summarize and analyze several options for timing offset correction discussed in RAN4.

From  UE implementation point of view, option 4 and option 5 which require multiple FFT timing boundaries in one TTI is NOT acceptable. Therefore, single fixed FFT timing boundary, i.e. option 2 or option 3 is preferred as the reference receiver behavior.
Based on the evaluated results with only post-FFT phase correction in frequency domain, assuming 1.5dB is largest acceptable performance loss, table 3-1 summarized the acceptable positive and negative timing offset under EPA channel for option 2. For QPSK and 16QAM, option 2 could tolerate up to 2us positive and negative timing offset. However, for 64QAM, option 2 can’t tolerate any negative timing offset.

Table 3-1: Acceptable timing offset assuming 1.5dB performance loss at 70% relative TP

	MCS 

RB allocation
	QPSK 50RB
	16QAM 50RB
	64QAM 50RB
	QPSK  3RB
	16QAM 3RB
	64QAM 3RB

	Option 2
	[-2, +2]
	[-2, +2]
	[+0,+2]
	[-2, +2]
	[-2, +2]
	[+0,+2]
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5 Appendix

5.1 Simulation assumptions to evaluate impact of time offset
Currently, there are different CoMP deployment scenarios, including:

· Scenario 1: TP1 (macro), TP2 (Pico) has different cell ID, both transmit CRS

· Scenario 2: TP1 (macro), TP2(Pico) has same cell ID, both transmit CRS

· Scenario 3: Only TP1(macro) transmit CRS, TP2 (Pico) only transmit PDSCH

Scenario 3 is simulated in this contribution.
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Table 5-1: Simulation Assumptions

	Deployment Scenario
	Scenario 3

	Fading Channel
	EPA5Hz

	Channel BW
	10MHz

	Resource allocation
	(1) 50RB

(2) 3RB

	Antenna configuration
	4x2

	MCS
	(1) 64QAM 3/4

(2) 16QAM 1/2

(3) QPSK 1/3

	Max HARQ transmission number
	4

	Power imbalance between TP1 and TP2
	0dB

	Rank/PMI
	Fixed (1, 1) 

	Timing offset
	[-2:0.5:2]us

	Timing offset estimation
	Estimation based on CSI-RS

Averaging between sub-frames 

	Ideal timing
	No timing offset between different RS types
UE tracking on CRS for synchronization.


5.2 Simulation results for timing offset
[image: image4.emf]
Figure 5-1: Timing offset correction performance: Option 2, QPSK 1/3, 50RB

[image: image5.emf]
Figure 5-2: Timing offset correction performance: Option 2, 16QAM 1/2, 50RB

[image: image6.emf]
Figure 5-3: Timing offset correction performance: Option 2, 64QAM 3/4, 50RB

[image: image7.emf]
Figure 5-4: Timing offset correction performance: Option 2,QPSK 1/3, 3RB
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Figure 5-5: Timing offset correction performance: Option 2, 16QAM 1/2, 3RB

[image: image9.emf]
Figure 5-6: Timing offset correction performance: Option 2,64QAM 3/4, 3RB
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