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1 Introduction
For LTE-Advanced (LTE-A), CSI-RS has been introduced as a reference signal targeting CSI estimation (for CQI/PMI/RI/etc reporting when needed) [1], and RAN1 has concluded from 3GPP RAN1 #59 meeting that, for time domain periodicity, multiple of 5 msec is the baseline for further evaluations and 10 msec periodicity is prioritized. Given the CSI-RS transmission periodicity, if we apply the CSI feedback timing offset on the periodic feedback as in LTE, UEs will experience different degrees of delay from the moment of channel measurement to moment the channel measurement is actually applied on the downlink transmission depending on its CSI feedback timing offset. Hereafter, this delay will be referred to as the channel feedback delay and will include the time necessary for channel measurement, channel information feedback, and eNB application on the downlink. In this contribution, we investigate the impact of different channel feedback delays due to the feedback timing in LTE-A downlink.

2 Impact of feedback timing offset on channel delay
In Rel-8 and Rel-9 LTE, UEs can measure the downlink channel status on every subframe using CRS, and thus the channel feedback delays for UEs with the same feedback periodicity are equal even though the UEs may have the different feedback timing offsets. In LTE-A, however, for a given CSI-RS duty cycle, the channel feedback delays for UEs with different feedback timing offsets can be different since the time interval between the channel measurement and its feedback varies according to the feedback timing offset.
As an example, Figure 1 shows CSI-RS based periodic feedback with two different feedback timing offsets, where it was assumed CSI-RS and periodic feedback of 10 msec periodicity. In the figure, two periodic feedbacks with different timing offsets denoted by f1 and f2 are shown to represent the UE feedbacks with the best and the worst channel feedback delays. In addition, D1 and D2 denote the minimum channel feedback delays of the best and the worst case UEs, respectively. In the figure, a minimum processing time of 4 msec was assumed to be necessary from the channel measurement to its feedback. The first UE’s periodic feedback with f1 = 4 msec conveys channel information estimated by CSI-RS transmitted 4 msec before and results in the minimum channel delay of D1 = 5 msec, whereas the second UE’s periodic feedback with f2 = 3 msec causes the minimum channel delay of D2 = 14 msec since it has to use the measurement of the CSI-RS transmitted 13 msec before. This delay is an outcome of the 4 msec processing time required for generating channel feedback information. 
The delay relationship described in Figure 1 for the periodicity of 10 msec results in the following channel feedback delays for the best and worst case UEs:
· UE1 (Best case): 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 msec

· UE2 (Worst case): 14, 15, 16, 17, 18, 19, 20, 21, 22, 23 msec
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Figure 1. CSI-RS based periodic feedback with different feedback timing offsets.
3 Evaluation results
In order to evaluate the impact of different channel feedback delays for LTE-A UEs, link and system simulations were performed. For link simulation, the simulation setup is identical to the Stage-1 assumptions agreed within RAN1 for the evaluation of CSI-RS [2]. For system simulation, the assumptions for downlink LTE-A MU-MIMO described in [3] are applied.
In Figure 2, Figure 3, Figure 4, and Figure 5, the link throughput results for the best and the worst cases mentioned in Section 2 are provided for comparison under different UE velocities and CSI-RS duty cycles. More specifically, simulation was performed for CSI-RS duty cycles of 5 msec and 10 msec, and for UE velocities of 3 km/h and 10 km/h. Note that the simulation results obtained in Figure 2, Figure 3, Figure 4, and Figure 5 were for an uncorrelated channel.
From the following figures, it can be observed that different feedback timing offsets lead to different channel feedback delays which in turn lead to significantly different levels of link throughput. Furthermore, it can be observed that even for moderate UE velocities (10 km/h) or when the CSI-RS duty cycle is relatively large (10 msec), the performance differences can be as high as 2 dB. From the results, it can be easily deduced that combining CSI-RS with the current periodic feedback mechanism defined in LTE could lead to significantly different individual UE performances.
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Figure 2. Link throughput for 5 msec duty cycle and UE velocity of 3 km/h. Best case UE has a minimum delay of 5 msec while worst case UE has a minimum delay of 9 msec.
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Figure 3. Link throughput for 5 msec duty cycle and UE velocity of 10 km/h. Best case UE has a minimum delay of 5 msec while worst case UE has a minimum delay of 9 msec.
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Figure 4. Link throughput for 10 msec duty cycle and UE velocity of 3 km/h. Best case UE has a minimum delay of 5 msec while worst case UE has a minimum delay of 14 msec.
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Figure 5. Link throughput for 10 msec duty cycle and UE velocity of 10 km/h. Best case UE has a minimum delay of 5 msec while worst case UE has a minimum delay of 14 msec.
Based on the link-level simulation results of Figure 2, Figure 3, Figure 4, and Figure 5, the Es/No gap between the best and the worst cases is summarized as in Table 1 for different UE velocities and CSI-RS duty cycles. When the UE velocity is 10 km/h, over 1 dB difference is observed even for CSI-RS duty cycle of 5 msec. For 10 msec CSI-RS duty cycle, the performance difference of 1.5 dB or higher was observed.
Table 1. Es/No gap between the best and the worst case UEs.

	CSI-RS duty cycle
	UE velocity
	Number of transmit antennas

	
	
	2
	4

	5 msec
	3 km/h
	0.2 dB
	0.3 dB

	
	10 km/h
	1.5 dB
	1.8 dB

	10 msec
	3 km/h
	0.8 dB
	0.9 dB

	
	10 km/h
	1.8 dB
	2.0 dB


In addition to link level simulation whose results are shown in Figure 2, Figure 3, Figure 4, and Figure 5, system level simulation was performed under a correlated channel. Table 2 shows the system-level simulation results for the best and the worst cases with 4x2 antenna configuration, where the best(or worst) case for system-level simulation means that all UEs use the feedback timing offset for the best(or worst) case mentioned in Section 2. The results show that for 10 msec CSI-RS duty cycle and 10 km/h UE velocity, the worst case can induce higher than 10 % performance difference from the best case.
Table 2. System-level simulation results for 4x2 antenna configuration.

	CSI-RS     duty cycle
	UE velocity
	Cell spectral efficiency   (bps/Hz/cell)
	Edge user spectral efficiency (bps/Hz/cell)

	
	
	Best case
	Worst case
	Best case
	Worst case

	5 msec
	3 km/h
	3.424
	3.336 (-2.6%)
	0.125
	0.12 (-4%)

	
	10 km/h
	2.878
	2.63 (-8.6%)
	0.105
	0.096 (-8.6%)

	10 msec
	3 km/h
	3.301
	3.11 (-5.8%)
	0.123
	0.113 (-8.1%)

	
	10 km/h
	2.741
	2.457 (-10.4%)
	0.098
	0.084 (-14.3%)


4  Conclusion
This contribution discusses the impact of having different feedback timing offsets for periodic channel feedbacks in relation to CSI-RS. It was identified that depending on the assigned feedback timing offset, different channel feedback delays can be realized when periodic channel feedback is used in conjunction with CSI-RS. Simulation results were provided to evaluate the impact of such different channel feedback delays. Based on the results, performance differences of 2 dB in terms of Es/No and 10 % in terms of cell spectral efficiency were observed for UEs with the same feedback periodicity but different feedback timing offsets even at moderate UE velocity (10 km/h) and reasonable CSI-RS duty cycle (10 msec). 

The purpose of this contribution is to trigger the study on this potential problem within RAN1. It is recommended that companies investigate further into this issue and take the necessary actions if needed.
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