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1. Introduction

Introduction of CSI-RS has been agreed mainly targeting for CSI estimation on enhanced DL multiple antenna transmission. RAN1#59 meeting concluded time domain periodicity as following [1]:
For time domain periodicity, multiple of 5 msec is baseline for further evaluations.

•
Exact set is FFS until WI stage.

•
Prioritize 10 msec periodicity.
Accordingly the concern was raised on the impact of different channel feedback delays due to the feedback timing for periodic feedback of PMI/CQI [2]. This document discusses these aspects from aperiodic feedback side.

2. Discussion
2.1. Impact of feedback timing offset for periodic feedback [2]
As indicated in [2], for a given CSI-RS duty cycle in LTE-A system, 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. Assuming a minimum processing time of 4 ms from the channel measurement to its feedback as in Rel-8, the impact of feedback timing is explained as Figure 1 (copied from [2]): 
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. 
Performance difference is also indicated in [2] as a deterioration of 2 dB in terms of Es/No and 10 % in terms of cell spectral efficiency.
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Figure 1 CSI-RS based periodic feedback with different feedback timing offsets [2]
Above also implies that the CQI reference resource in time domain i.e. nCQI_ref is defined as the difference between the subframe for CSI-RS transmission and that for periodic CQI transmission. In this sense an almost fixed value for nCQI_ref as Rel-8 e.g. 4 subframes is not maintained for CSI measurement using CSI-RS, even though a minimum processing time of 4 ms should be maintained.
2.2. Discussion for aperiodic feedback
Similar discussion is necessary for impact on aperiodic feedback as Rel-8 mechanism for CSI estimation via CSI-RS. Figure 2 illustrates aperiodic feedback as Rel-8 mechanism, which requires corresponding trigger on PDCCH within the same subframe as the CSI-RS transmission i.e. subframe #0, and PUSCH allocation within the same subframe i.e. subframe #4. That may result in a shortage of PDCCH resources in subframe #0, a high consumption of PUSCH resources in subframe #4 or scheduler restrictions for the corresponding PDSCH/PUSCH.
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Figure 2 Rel-8 based aperiodic trigger for CSI-RS measurement
So, following methods can be discussed for aperiodic feedback considering load balancing for PDSCH/PUSCH corresponding feedback based on CSI-RS.
Method a) UE is always prepared transmit aperiodic CQI by buffering CSI-RS or calculating it regardless of actual assignment to transmit CQI. Then if aperiodic trigger is received in subframe n, the CQI is transmitted in subframe n+4. The reference resource is the latest subframe where CSI-RS is transmitted. This means the subframe n-k where k>=0 and as small as possible. From PUSCH link adaptation point of view, this option would maintain same level of flexibility and/or accuracy as other PUSCH allocations. In case UE calculate the value before the reception of aperiodic CQI, it might be difficult to change some reporting configuration dynamically.
[image: image3.wmf] 

0

9

1

8

2

3

4

5

6

7

0

9

1

8

2

3

4

5

6

7

eNB to UEs

Subframe

#

CSI

-

RS period

0

9

1

8

2

3

4

5

6

7

UEs to eNB

Trigger by UL grant

Trigger by UL grant

Possible range 

for CQI report

Report on PUSCH

Report on PUSCH

Minimum 

processing time

Possible range 

for CQI trigger


Figure 3 Method a) for CQI trigger/report
Method b) Introduce something similar to periodic PUSCH reporting. This option definitely reduces PDCCH overhead even though link adaptation accuracy or flexibility would be reduced which may result in much cost in PUSCH capacity. Load balancing in terms of PUSCH resource in time domain would be achieved with indication for offset value as periodic feedback. If the corresponding trigger contains necessary information for periodicity, possible wasted effort on alternative a) would be avoided.
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Figure 4 Method b) for CQI trigger/report
Method c) To indicate CQI trigger in advance to actual CSI-RS transmission. This behaviour can avoid shortage of PDCCH resource in the subframe for CSI-RS transmission and possible scheduler restriction for corresponding PDSCH. An example according to Figure 5 would be the trigger can be sent in any of the subframes #1-9 of the previous radio frame and subframe #0 of the same radio frame as the corresponding CSI-RS transmission. The benefit of this option is UE is not required to calculate CQI or buffer CSI-RS until the trigger is received. In this option flexibility and/or accuracy for PUSCH link adaptation might be degraded depending on scheduler implementation.
Method d) To indicate larger interval between UL grant and actual PUSCH transmission e.g. subframe n+5, 6 or more. This behaviour can avoid shortage of PUSCH resource in the subframe used for CSI estimation via CSI-RS as Rel-8 mechanism. An example according to Figure 5 would be the eNB can allocate PUSCH for CSI feedback on any of the subframes #4-9 of the same radio frame as CSI-RS and subframes #0-3 of the next radio frame. On PUSCH link adaptation aspects, almost same discussion would be applicable as alternative c).
For illustration purpose Figure 5 summarises for method c) and d).
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Figure 5 Method c) and d) for CQI trigger/report
2.3. Relating topics and generic behaviour including them
Same as CSI estimation based on CSI-RS, resource-specific CQI is being discussed for non-CA based Het-Net [3]. Besides, signalling method to indicate other subframe than that for Rel-8 mechanism are suggested, e.g. cross-subframe scheduling intending to reuse most of cross-carrier scheduling specifications [4], inter-subframe assignments to exploit almost blank subframes for data transmissions [5]. So possible direction for generic behaviour would be: 
i) to configure UE to measure the CQI over a defined measurement window, not limited to CSI estimation based on CSI-RS
ii) to reuse cross-carrier scheduling behaviour e.g. indication via CIF field;

iii) to apply inter-subframe scheduling behaviour as TDD including its extension to UE-specific configuration
3. Conclusion
In this document, we discussed the relation between CSI-RS and aperiodic feedback especially from load balancing of PDCCH and PUSCH. Those aspects should be taken into account for aperiodic feedback design.
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