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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. The effect of the uneven periodic channel feedback quality was presented in [2]. In the contribution, link and system level simulation results were presented to show that UEs could experience significantly different downlink performances due to their different CSI feedback timing offsets. In this contribution, we further discuss this issue by introducing some alternatives to alleviate the observed problem.
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 fA and fB are shown to represent the UE feedbacks with the best and the worst channel feedback delays. In addition, DA and DB 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 fA= 4 msec conveys channel information estimated by CSI-RS transmitted 4 msec before and results in the minimum channel delay of DA = 5 msec, whereas the second UE’s periodic feedback with fB = 3 msec causes the minimum channel delay of DB = 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:
· UEA (Best case): 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 msec

· UEB (Worst case): 14, 15, 16, 17, 18, 19, 20, 21, 22, 23 msec
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Figure 1. CSI-RS based periodic channel feedback with different feedback timing offsets.
The uneven channel feedback delays translate into different UE performances. In [2], it was observed that significantly different UE performances resulted as a consequence of different channel feedback delays.

In the following subsections, 2 different alternatives are introduced to alleviate the difference in UE performances.
2.1 Alternative 1: CSI-RS Time Hopping
First alternative to achieving a more uniform UE performance is to apply time domain hopping on the CSI-RS transmission. An example is shown in the figure below.
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Figure 2. Periodic channel feedback transmission based on a time hopping CSI-RS transmission.
In Figure 2, the transmission of CSI-RS from the eNB is made on different subframes within the CSI-RS transmission periodicity of 10 msec. Although the timing offset of the channel feedback for each UE is unchanged, its channel feedback delay changes as a result of the time hopping CSI-RS transmission. Comparing Figure 1 with Figure 2, it can be easily observed that time hopping transmission of CSI-RS over a duration would effective result in similar average channel feedback delays among all UEs receiving transmissions from the eNB.
2.2 Alternative 2: CSI Feedback Timing Offset Variation
Although Alternative 1 is an effective means to provide similar average channel feedback delays among UEs, it requires reopening one of the agreements during RAN#61 regarding CSI-RS transmission which is that CSI-RS will be transmitted with a time-invariant time/frequency shift. In addition, subframes such as DwPTS or those carrying synchronization channels might require different CSI-RS transmission requirements in order to maintain the functionalities of these subframes. Designing alternative 1 with such special subframes would inevitably result in a complex operation.
Second alternative to achieving a uniform UE performance is to apply variation on channel feedback timing offset. An example is shown in the figure below.
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Figure 3. Periodic channel feedback transmission with varying feedback timing offset.
In Figure 3, the transmission of CSI-RS occurs in the same subframe for both transmissions. On the other hand, the transmission of channel feedback for UE A and UE B are made with different timing offsets in the first transmission and the second transmission. For example, in the case of UE A, the timing offset of the channel feedback in the first transmission was 7 subframes while it is 4 subframes in the second transmission.
By varying the timing offset of the channel feedback transmission, the average channel feedback delays of UEs connected to an eNB can be maintained to a similar level after a certain number of variations.
Note that different approaches can be used realize the variation in the timing offset. One such approach is to use explicit RRC signaling to indicated to each UE a different timing offset value every once in a while. While such an approach can achieve similar average channel feedback delays for the UEs, it requires additional overhead in the form of RRC signaling. Another approach is to predefine a simple pattern. For example, the timing offset can be incremented by 1 every N subframes. Such an approach can again achieve similar average channel feedback delays for UEs without additional RRC signaling besides the one for initial configuration.
Proposal: Adopt time varying timing offset for channel feedback with a predefined pattern. For example, the timing offset can be incremented by 1 every N subframes.
3  Conclusions
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. Two different alternatives were discussed with the goal of achieving similar average channel feedback delays for UEs connected to an eNB:
· Time hopping transmission of CSI-RS
· Variation of CSI feedback timing offset

Both alternatives can achieve similar channel feedback delays but the second alternative seemed to be more in line with the standing agreements made within RAN1. Therefore, it is proposed that RAN1 adopt time varying timing offset for channel feedback transmission. More specifically, it is proposed that time varying timing offset for channel feedback transmission is based on a predefined pattern to avoid any unnecessary RRC signalling overhead.
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