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1
Introduction
In RAN2#59, it has been agreed that when a UE is in DRX, CQI reporting on PUCCH is done only within on-duration [1]. Also, it has been agreed that CQI can be sent on UL-SCH, i.e. PUSCH. However, a UE behaviour is still unclear in the case that the assigned timing for CQI reporting and user data transmission are overlapped, but the resource for PUSCH is not enough to send both CQI and user data. In this contribution, we discuss above situation from NRT service and RT service point of views. 
2
Discussion
2.1


NRT service

First, we discuss CQI reporting during NRT service in assuming that the dynamic scheduling is used for data transmission on PUSCH and the persistent scheduling, i.e. periodical reporting, is used for CQI reporting on PUCCH. Currently RAN1 consider that when the CQI and user data should be sent at the same time, those are sent together on PUSCH in order to avoid the multi-carrier transmission. We consider the situation that the assigned subframes for CQI reporting and user data transmission are overlapped and the resource for PUSCH is not enough to send both CQI and all the user data. In this situation, we can consider two alternatives for UE behaviour as shown in Fig. 1.
· Alt1: CQI is anyway sent by reducing the data size at this subframe.
· CQI reporting is highly prioritized over user data in NRT service. 
· The eNB can know in advance when CQI is reported. 

· Since user data in NRT service would be delay non-sensitive and the resource to send it can be dynamically allocated, an additional delay for user data could be negligible. 
· Alt2: CQI is sent on the next or following assigned subframe.
· User data in NRT service is highly prioritized over CQI.

· The eNB cannot foresee when CQI is reported actually.

· When the large amount of user data remained in UE’s transmit buffer, which needs several TTIs for complete transmission, an additional delay for CQI reporting will be long. In such a case, power control and/or MCS selection may not be configured appropriately. Thus there may be a problem in terms of configuration of DL parameters.
We consider that from the incurred additional delay point of view, CQI should be highly prioritized over user data in NRT. Also, from the eNB scheduling point of view, CQI should be sent at a pre-defined subframe. Thus we propose to send CQI at a pre-defined subframe. 
Proposal 1: In the case that the assigned sub-frame for CQI reporting and user data in NRT service are overlapped, but the resource is not enough to send both CQI and all the user data, CQI is anyway sent at a pre-defined subframe
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Fig. 1: UE behaviour for CQI reporting during NRT service
2.2


RT service

Next, we discuss CQI reporting during RT service in assuming that the persistent scheduling is used for data transmission on PUSCH and the periodical CQI reporting on PUCCH is used. Similar to NRT service case, we consider the situation that the assigned subframe for CQI reporting and user data transmission are overlapped and the resource for PUSCH is not enough to send both CQI and all the user data. In this situation, we can consider two alternatives for UE behaviour as shown in Fig. 2.

· Alt1: CQI is anyway sent by reducing the data size at this subframe.
· CQI reporting is highly prioritized over user data in RT service. 

· The eNB can know in advance when CQI is reported. 

· Since user data in RT service will be delay sensitive and the resource to send it is persistently allocated with a certain period, e.g. 20ms, an additional delay for user data may be a problem. 
· If the delay requirement for user data is somewhat loose, Alt.1 may be preferable.

· Alt2: CQI is sent on the next or following assigned subframe.
· User data in RT service is highly prioritized over CQI. This will be able to satisfy the delay requirement for RT service.
· The eNB cannot foresee when CQI is reported actually.

· During persistent scheduled data transmission with e.g. 20ms period, if CQI is persistently scheduled with long interval, e.g. 20ms, an additional delay for CQI reporting will be long and it may be a problem. 
· If the CQI reporting period is much shorter than that of user data transmission, Alt.2 may be preferable. 

For RT service case, it depends on the configured parameters regarding the persistent scheduling that which alternative is preferable. For instance, if the delay requirement for user data transmission is somewhat loose, Alt.1 would be preferable. This is same as NRT service case. While if the CQI reporting period is much shorter than that of user data transmission, Alt.2 would be preferable. However, from data transmission point of view, this type of CQI reporting would not be needed. Thus, at this moment we prefer Alt.1 to Alt.2. 

Proposal 2: In the case that the assigned subframe for CQI reporting and user data in RT service are overlapped, but the resource is not enough to send both CQI and all the user data, CQI is anyway sent at a pre-defined subframe.
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Fig. 2: UE behaviour for CQI reporting during RT service
On the other hand, we have another method for CQI reporting during RT service. In above discussions, it is assumed that the CQI and user data is sent together on PUSCH as a baseline. However, in RT service case, for both CQI reporting and user data transmission, the resource will be persistently allocated in advance. Thus, the eNB can allocate the different subframes for CQI reporting and user data, respectively. We propose that the eNB allocate the resources for the CQI reporting on PUCCH and user data on PUSCH in different subframes to avoid the time-overlapping problem discussed above and the resource for CQI reporting should be linked to the resource for user data. For instance, the subframe for CQI reporting is X TTIs after user data as shown in Fig.3. Since this may be an implementation matter, what we’d like to propose here is only that it can be support in LTE that the eNB can allocate the resources for CQI reporting and user data in RT service with the manner shown in Fig.3. 
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Fig. 3: Resource allocation for CQI reporting and user data during RT service
Proposal 3: During RT service, the eNB allocates the resources for CQI reporting on PUCCH and user data transmission on PUSCH in different subframes. 
3
Conclusion
In this contribution we discuss the CQI reporting during NRT or RT service when the assigned subframes for CQI reporting and user data transmission are overlapped, but the resource of PUSCH is not enough to send both CQI and all the user data. From the delay requirement point of view, we propose that CQI reporting be highly prioritized, i.e. CQI is anyway sent at a pre-defined subframe during both NRT and RT services. However, in RT service case, it is more preferable that the eNB allocate the resources for the CQI reporting on PUCCH and user data on PUSCH in different subframes. We propose that RAN2 discuss UE behaviour for CQI reporting based on the discussion above and capture our proposals in [2].
Proposal 1: In the case that the assigned sub-frame for CQI reporting and user data in NRT service are overlapped, but the resource is not enough to send both CQI and all the user data, CQI is anyway sent at a pre-defined subframe
Proposal 2: In the case that the assigned subframe for CQI reporting and user data in RT service are overlapped, but the resource is not enough to send both CQI and all the user data, CQI is anyway sent at a pre-defined subframe.
Proposal 3: During RT service, the eNB allocates the resources for CQI reporting on PUCCH and user data transmission on PUSCH in different subframes. 
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