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1. Introduction

In the Athens meeting, RAN2 discussed handling of the CQI reporting resource during DRX in [1]. In order to achieve good radio efficiency, it should be possible to reuse unused CQI reporting resource for other UEs. The possible alternatives are discussed in [2]. Regardless of alternatives discussed in [2], CQI reporting resource handling and signalling are important topics. This document discusses the following issues.

Issue 1:  Whether UE releases all of CQI reporting resource or only parts of resource when UE goes to DRX

Issue 2:  The signalling and configuration method for allocating CQI reporting resource to the UE

2. Discussion 

2.1.  Implicit rule for all CQI reporting resource, or parts of CQI reporting resources during DRX
We propose that whether a CQI reporting resource is used by an UE in DRX should depend on the length of the DRX interval.

If the length of the DRX interval is short like 20 or 40ms, CQI reporting in on-duration would be useful for informing eNB of UE’s radio condition for radio resource utilization and for keeping UL synchronization with eNB.

If the length of the DRX interval is long like more than 1s, CQI reporting transmission in on-duration is not possible because of the lack of UL synchronization. Therefore, all CQI reporting resources are released by such a UE.

When all CQI reporting allocated to the UE in DRX is used for other UEs, the behaviour is simple. Therefore, this should be supported at least.

If parts of CQI reporting allocated to UE in DRX are used for other UEs, the behaviour has some limitation, since resource management among UEs is required as discussed in [2]. This is related with the CQI reporting resource allocation method and discussed in the next section.

In order to decide whether all of the UE’s CQI reporting resource is released/not used, or if only parts of the CQI resources are released/not used, a threshold to judge the length of the DRX interval is required. In addition, if the length of the DRX interval is really short, it may not be necessary to release CQI reporting resource. If this behavior should be supported, a further threshold is required. The behaviour is illustrated in Figure 1.
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Figure 1: Threshold usage to handle CQI reporting resource
2.2.  Periodic CQI reporting resource allocation behaviour

The CQI reporting resource consists of a time resource (i.e. radio frame and subframe), a frequency resource (i.e. the frequency location of the resource block), and code resource (i.e. cyclic-shift sequence). It needs to be discussed how the CQI reporting resource should be allocated to the UE by combination of these factors.

We think CQI reporting should be periodical to inform eNB of UE’s radio condition continuously except for aperiodic (one shot) CQI reports agreed in RAN1.
Therefore, the time resource should be semi-static. On the contrary, several possibilities are foreseen for frequency resource and code resource as illustrated in Figure 2.

Alt. A:   Same frequency and code resource are allocated to the UE continuously for CQI reporting

Alt. B:   Different frequency and/or code resource are allocated to the UE for CQI reporting based on time resource (e.g. SFN). 

Alt. C:   Different frequency and/or code resource are allocated to the UE by some signaling
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Figure 2: Alternatives on CQI reporting resource allocation

Alt.A is a simple solution from signaling point of view.

However, CQI reporting resource management might be difficult from the eNB management perspective, since eNB needs to find CQI reporting resource that can be used for a long period.

eNB could generate additional CQI reporting resource by allocating new radio resource blocks for PDUCH. However, this should be avoided as much as possible, since CQI reporting resource is expensive as discussed in [3].

In addition, the CQI reporting interval would be different among UEs based on the bearer characteristic used by the UE and DRX. Therefore, other solutions will be required

In Alt.B, frequency and/or code resource can vary over the assigned period.

If this type of configuration is used, parts of CQI reporting resource can be allocated to other UEs relatively easy.

In Figure 2, three types of resources, 80ms interval, 20ms interval and 5ms interval, are used as an example.

For example, when UE enters RRC_Connected, UE is configured to have CQI reporting resource as indicated by the orange and yellow and green colored boxes in Alt.B in Figure 2.

When UE starts DRX with 80ms interval, CQI reporting resource which UE would be limited to is orange colored boxes in Alt.B in Figure 2. Therefore, other CQI reporting resource can be allocated to other UEs.

However, when DRX interval is changed to 20ms, additional CQI reporting resource (i.e. yellow colored box in Alt.B) is configured to the UE.

If original CQI reporting resource is restored, the green colored CQI reporting resource from the original scheme has to be re-allocated to the UE. Thus, when UE resumes non-DRX, additional CQI reporting resource (for the green colored boxes) is configured.

This scheme requires more complex signalling to UE and management at eNB when compared with Alt.A. Therefore, whether to support this behaviour is beneficial or not should be discussed in RAN2.

It should be noted that if a combination of wideband type CQI reporting and multi-band type CQI reporting is required (e.g. wideband type CQI reporting per 10ms and multi-band type CQI reporting per 40ms), it is favorable to have signalling that  supports Alt.B. This aspect is further discussed in section 2.3.

The contents/payloads of CQI are out of scope for RAN2, such discussion should take place in RAN1.

Alt.C requires a lot of signaling to allocate CQI reporting resource. Since CQI reporting allocation should be reliable, a RRC message or a MAC Control PDU has to be used. In this case, it may not be feasible from the amount of signaling required. Therefore, this option should be avoided.

2.3. Signaling and configuration of CQI reporting types

As already discussed in section 2.2 above, different resources might be allocated to one UE for CQI reporting purposes. This section discusses how to realize Alt.B in section 2.2 and how to configure different types of CQI reporting.

One possibility would be signalling CQI resources on a frequency/code basis and then additionally assigning occurrences of different CQI types as shown in Figure 3.
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Figure 3: Configuration of CQI reporting types with a reporting pattern (alternative X)

In the setup shown in alternative X in Figure 3, a pattern is assigned by defining the overall CQI reporting sequence with a periodicity of 5 ms.

In the configuration reporting of CQI type B is every 20 ms and CQI type A every 5 ms (except when CQI type B is reported). The resources for type B and type A should be - respectively - on the same frequency/code range.

This method would allow reporting for more than one CQI type to be configured in a single configuration message. However, re-configuration of one reporting type may require re-configuration of the whole sequence of CQI reports.

A second alternative (alternative Y) would be to configure CQI reporting processes. In contrast to alternative X, there is a separate configuration message for every CQI reporting type allocated to a time resource pattern.

Messages for configuration of such a CQI reporting process would include reporting duration and periodicity like in alternative X. The setting of a pattern is replaced by configuring a process ID together with a CQI reporting type. A start time can be configured (possibly based on SFN). If two CQI reporting processes occupy a frequency/code resource at the same time, the CQI reporting process with the larger reporting periodicity will be send out. An example is shown in Figure 4.
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Figure 4: Configuration of CQI reporting types with CQI reporting processes (alternative Y)
In the example of Figure 4 the same two CQI reporting processes from alternative X are configured. The process with ID 2 has the longer reporting periodicity.
Under the assumption that the signalling of process ID and CQI reporting types would result in shorter messages than signalling a CQI reporting type pattern, alternative Y is more efficient in re-configuration of single CQI reporting types.

Alternative Y provides the necessary flexibility to signal various CQI requirements currently discussed in RAN1.

The concept of aperiodic CQI reporting can easily be incorporated. Aperiodic reports could for example be configured as a CQI reporting process with a periodicity of 0 or alternatively use a reserved ID. The configured aperiodic report can then be sent whenever a trigger is received by eNB. eNB has to take care that an uplink grant exists for the UE in order to send the aperiodic report on UL-SCH.
Some more examples on the CQI configuration based on processes is described in the Annex.

3. Conclusion
This document discusses how CQI reporting resource can be handled and how CQI reporting types can be configured. We propose the following:

· When DRX is enough long, all CQI reporting resource should be released or not-used

· RAN1 and RAN2 should discuss CQI reporting usage and the signalling method on CQI reporting resource allocation as well as signalling and configuration of CQI reporting types. 
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Annex
This annex further explains some more examples on the configurations of CQI.

A further example in Figure 5 is respectively showing two periodic CQI reporting processes for wideband average CQI and CQI on the average of a subband set A (yellow and green colors, IDs 1 and 2). A third CQI reporting process (red color, ID 3) is configured for aperiodic reporting. In the example the aperiodic CQI process overrides a report of that would be assigned to ID 1 otherwise.

In the example in Figure 5 the results from the aperiodic report (ID 3) tiggered a switching of downlink resources for the UE from subband set A to subband set B. Thus, the blue resources shown in Figure 5 belong to the reconfigured process ID1 now reporting on subband set B.


[image: image5.wmf]CQI process ID 

1

: 

CQI report on average for subband set A

, 

periodicity 

5 

ms

CQI process ID 

2

: 

wideband average CQI

, 

periodicity 

30 

ms

CQI process ID 

3

: 

CQI report on average of subband set B

, 

periodictiy 

0

30 

ms

5

ms

CQI process ID 

1

: 

CQI report on average of subband set B

, 

periodicity 

5 

ms


Figure 5: Example for CQI processes on single time-frequency/code resource

A further example for the flexibility of CQI reporting processes is the configuration of subband cycling or scanning as discussed in [4] and [5] which could be achieved by configuring several CQI reporting process, one for each subband to be reported on.  An example for this setup is shown in Figure 6 where the cell bandwidth is split in three subband sets A, B and C with a specific CQI reporting process for each of the three sets.
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Figure 6: Scanning report for whole cell bandwidths split in 3 CQI reporting processes
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