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Introduction
In the previous RAN2#57 meeting, the requirements for support of DRX in LTE_ACTIVE were discussed. Per UE based DRX control mechanism was agreed. The discussion on DRX control schemes: implicit transition vs explicit transition was continued on the email reflector. A number of different schemes were proposed and captured in [1].
However, CQI reporting requirement and especially assignment of resources for transmission of CQI w.r.t DRX operation have not been discussed. In this contribution, we address the issues regarding the UL resource assignment for CQI reporting while UE is configured with DRX operation.

2. Discussion

CQI measured at the UE is required to be transmitted to the network to allow for frequency selective scheduling, link adaptation and power control on DL transmission. According to the RAN1 agreement, CQI information is to be sent over PUCCH, which is mapped to control channel resources in the uplink. The control channel resource is defined by a code and two resource blocks, consecutive in time, with hopping at the slot boundary [1]. This resource is reserved for the use of PUCCH. No agreement has been made in RAN1 regarding the PUCCH channel allocation to the UE for CQI reporting.
When considering the DRX control, one could assume that resource assignment for CQI reporting to be independent of the DRX. Considering that a large number (several thousands in long DRX) of UEs need to be supported in RRC_Connected, this is clearly not preferable from radio resource efficiency point of view. On the other hand, as the UE has to wake up to send the CQI reporting, CQI reporting independent to the DRX, would also not be preferable from UE power saving point of view. 
Another way of managing resources for CQI reporting is to couple the CQI reporting to the DRX level [2,3]. In this case, the frequency of CQI reporting is decided by the UE’s DRX cycle. This results in less frequent CQI reporting while in long DRX and more frequent CQI reporting while in short DRX.
As mentioned before, CQI is used for scheduling and link adaptation on DL transmission. Hence, the CQI should be available at the scheduler before the scheduling. This means, if the CQI reporting is to be coupled with the DRX on period as proposed in [3], the DL scheduling should be delayed until the CQI is received or in other words, the DRX on period should be extended to use the reported CQI in meaningful way.
If the resources for CQI reporting are coupled with DRX, resources used for CQI reporting channels in DRX levels can be pre-configured according to DRX level. When DRX interval is extended (i.e. changed from short DRX to long DRX), CQI reporting can also be changed from one channel configuration (associated with short DRX) to the other (associated with long DRX).  This results in releasing some of the resources allocated for CQI reporting. The released resources may be allocated to another UE ensuring efficient resource sharing. However, when the DRX interval is shortened, the CQI channel resources corresponding to short DRX may have been allocated to another user. An implicit channel configuration is not possible. Therefore, the CQI reporting channel would need to be explicitly signalled to the UE when the DRX level is shortened.  When considering DRX transition together with CQI reporting channel configuration, implicit transition is only possible when extending the DRX interval.
If the resources for CQI reporting are coupled with DRX, all the UEs will report CQI in every DRX on period (or corresponding to the configured reporting period). However, not all UEs who have reported CQI will be scheduled. Especially when long DRX is considered, as the long DRX can provide UE power saving that is equivalent to the power saving provided in RRC_Idle, a very large number of UEs can be kept in long_DRX. However, not all of these UEs will be scheduled. Hence, most of CQI reporting will not be used. On the other hand, when CQI reporting is coupled with DRX, the number of UEs which can be kept in long DRX is limited by the number of resource unit reserved for the CQI reporting.  
3. Proposed CQI reporting scheme
In our view, the number of users that can be kept in long DRX should not be constrained by the available resources for CQI reporting. Therefore, we propose UE activity dependent CQI reporting scheme. Here, the requirement for any CQI reporting (whether triggered, periodic or otherwise) is defined based on a DRX threshold. The DRX threshold is configured in the UE by the network. The UE is not required to report CQI while in a DRX cycle with an interval larger than the DRX threshold. Hence the UE is instructed to release resources for CQI reporting when the DRX interval is extended beyond the DRX threshold.


[image: image1]
Figure 1: the proposed CQI reporting with regards to UE activity (DRX level).

In order to establish CQI reporting as quickly as possible, CQI reporting is proposed to be triggered by the reception of DL scheduling grant at the UE. The resources for CQI reporting is linked to the scheduling grant channel. After receiving the DL scheduling grant, the UE starts CQI reporting, hence link adaptation can be commenced for the subsequent transmissions. Even though, the first transmission is delivered without link adaptation, link adaptation is performed for the HARQ re-transmissions. 
The proposed procedure provides:
· The support of very large number of UEs in long DRX. (i.e. the number of UEs in long DRX is not constrained by the resources required for CQI reporting).

· The required resources for CQI reporting are defined by the number of scheduling grants (e.g. 7-12) not by the number of UEs in long DRX (e.g. thousands).

· Fast establishment of CQI reporting for the scheduled users in long DRX.

· Simple management for resource assignment of CQI reporting

4. Conclusion

We addressed the resources assignment for CQI reporting with regards to DRX. We identified that the number of UEs in long DRX should not be constrained by the available resources for CQI reporting. Also the CQI reporting should not influence the UE on period while in long DRX as this directly relates to the UE power consumption. 

We proposed a UE activity dependent CQI reporting scheme. According to the proposed scheme, no resources are assigned to the UE for CQI reporting while in long DRX which is longer than a pre-configured DRX threshold. This guarantees that the number of UEs kept in long DRX is not constrained by the amount of resources available for CQI reporting.  In order to allow for fast establishment of CQI reporting channel for the scheduled UEs, the CQI reporting is proposed to be triggered by the scheduling grant. 
RAN2 is requested to discuss and agree on the proposed UE activity dependent CQI reporting scheme.
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