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1 Introduction
In the last RAN2 meeting, there were several contributions on DRX enhancement [1-3] in Rel-11. In this document, we would like to investigate the proposed schemes and provide our view. 

2. CSI/SRS transmission

In LTE Rel-10, CSI/SRS transmission is optionally decided when the UE receives PDCCH during 4 subframes from the end of the active time or the UE receives PDCCH or MAC CE stopping active time. It is because the UE may not have enough time to generate CSI/SRS transmission if the corresponding subframe is originally inactive time and changes to the active time abruptly. However, there are some concerns on this UE optional operation. The main concerns are the increased decoding complexity in the eNB and possibly many dropping of CSI/SRS when the active time is dynamically extended with initial DL or UL grant. If simultaneous PUSCH and PUCCH transmission is not configured, the UE transmits CSI in PUSCH resource. The existence of CSI transmission changes the available PUSCH resource for UL-SCH data transmission. Therefore, the eNB may need to perform twice of PUSCH decoding considering with or without CSI transmission. Furthermore, if CSI and HARQ-ACK is transmitted, HARQ-ACK is transmitted in CSI resource. The eNB may also need to perform twice of decoding for HARQ-ACK depending on whether the UE transmits CSI. 

Actually, this issue was discussed quite extensively in the past in RAN2. RAN2 tried to remove the optional UE operation but due to complexity of implementing it in the specification, the current optional UE operation is maintained. Main difficulty was how to specify the uncertainty period in which the UE may not know whether the inactive time is changed to active time (or vice versa) in the 4 subframes before the UE sends CSI or SRS transmission. 

In RAN2 #78 meeting, two proposals were discussed to solve this issue [1,2]. Both of them propose to mandate the UE to transmit CSI/SRS up to 4 subframes after the active time regardless whether the UE receives an initial DL or UL grant during 4 subframes from the end of active subframe. 

Although this approach is helpful to reduce the decoding complexity in the eNB side, it would increase UE power consumption especially when the duration of active time is short with DRX related timers or due to the pending uplink grant. The UE should keep turning on its transceiver to transmit CSI and SRS after the active time. It is noted that in case of carrier aggregation, the chance of CSI will be more increased because CSI of different serving cell is transmitted in the different subframe with TDM approach. In addition, if UE specific SRS subframe configuration is different in multiple serving cells, it would also increase the chance of SRS transmission in the time domain. Therefore, the UE power consumption due to CSI and SRS transmission after the active time is more severe in Rel-10 than in Rel-8/9. 

Observation 1: if the UE is mandated to transmit CSI and SRS up to 4 subframes after the active time, it would increase the UE power consumption. 

In addition, this approach is not desirable for IDC operation in which DRX configuration is used to avoid IDC interference. In IDC operation, it is expected that the UE transmits and receives only in a certain duration which is defined as the active time with DRX configuration. One example DRX pattern is that active time is defined with onDurationTimer only while setting drx-InactivityTimer and drx-RetransmissionTimer as zero. The value 4 ms of shortDRX-Cycle is also considered, this value is beneficial for LTE FDD and BT case. In this case, if CSI and SRS are transmitted up to 4 subframes after the active time, the LTE UE still causes interference to BT. In case of CSI transmission, we can limit CSI transmission within onDurationTimer running if CQI masking is enabled. However, it is not applicable to SRS transmission. 
Observation 2: if the UE is mandated to transmit CSI and SRS up to 4 subframes after the active time, it would be hard to determine DRX configuration working properly for IDC operation. 
Based on the above observation, we prefer that the UE is not mandated to transmit CSI and/or SRS after the active time. 

Proposal 1: the UE should not be mandated to transmit CSI and SRS after the active time. 
If the decoding complexity in the eNB is really concerned, it is possible that the optional UE operation on CSI and SRS transmission is not applied to when the UE transmit HARQ-ACK or PUSCH. Since the UE should know 4 subframe before PUSCH or HARQ-ACK is transmitted, the UE is able to have enough processing time to transmit CSI and SRS.
Proposal 2: The choice not to send CQI/PMI/RI/PTI reports on PUCCH and/or type-0-triggered SRS transmission should not be applicable for subframes where UL-SCH data and HARQ-ACK is transmitted.
According to proposal 2, the following modification highlighted in red is recommended in Section 5.7 in TS36.321[4].  

	A UE may optionally choose to not send CQI/PMI/RI/PTI reports on PUCCH and/or type-0-triggered SRS transmissions for up to 4 subframes following a PDCCH indicating a new transmission (UL or DL) received in subframe n-i, where n is the last subframe of Active Time and i is an integer value from 0 to 3. After Active Time is stopped due to the reception of a PDCCH or a MAC control element a UE may optionally choose to continue sending CQI/PMI/RI/PTI reports on PUCCH and/or SRS transmissions for up to 4 subframes. The choice not to send CQI/PMI/RI/PTI reports on PUCCH and/or type-0-triggered SRS transmissions is not applicable for subframes where onDurationTimer is running, for the subframe where UL-SCH data or HARQ-ACK is transmitted and is not applicable for subframes n-i to n. 


3. Uplink transmission 

In current DRX operation, the active time includes the time while an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer. The main reason why the UE should monitor PDCCH even after the UE receives a positive HARQ-ACK is to support the case where the eNB needs to suspend retransmission temporarily. In addition, monitoring PDCCH after the positive HARQ-ACK is also helpful to recover from NACK-to-ACK error. 

In [3], it was pointed out that it unnecessarily increases the UE power consumption in DRX operation because the UE needs to monitor PDCCH even after the UE receives a positive HARQ-ACK. Given that NACK-to-ACK error is quite low, if there is no need to suspend retransmission temporarily, the UE may not need to monitor PDCCH for retransmission after the UE receives a positive HARQ-ACK. Especially, the eNB may not need to suspend the retransmission in case of delay sensitive data such as VoIP. 

Furthermore, monitoring PDCCH for retransmission is not desirable in IDC operation. To avoid IDC interference, the UE needs to monitor PDCCH in the scheduled time which would be the same as the active time with onDurationTimer. If the UE should monitor PDCCH for uplink retransmission, the UE monitors PDCCH outside of the active time with onDurationTimer and thus, the reliability of PDCCH and PHICH cannot be guaranteed. In order to solve this problem, it would be desirable that the UE should stop monitoring PDCCH outside of the active time with onDurationTimer. 

Observation 3: it would be beneficial if the UE stop monitoring PDCCH for retransmission after the UE receives a positive HAR-ACK. 
Another aspect is how to enable or disable the UE to stop monitoring PDCCH for retransmission. Either MAC CE signaling or RRC signaling can be used. If MAC CE signaling is used, a new MAC CE signaling is introduced to indicate whether to enable or disable the UE to stop monitoring PDCCH for retransmission. However, given that the decision is related to eNB scheduling implementation and IDC configuration, enabling or disabling configuration would not be required so frequently. In that sense, RRC signaling would be more desirable instead of introducing a new MAC CE which needs a larger modification in the specification than RRC signaling approach.

Proposal 3: The eNB configures whether to enable or disable the UE to stop monitoring PDCCH for retransmission after the UE receives a positive HARQ-ACK via RRC signaling. 
4. Conclusion

In this document, we discussed some possible enhancements for DRX operation in Rel-11. 

In section 2, the optional UE operation on CSI and SRS transmission is discussed. We think if the UE is mandated to transmit CSI and SRS up to 4 subframes after the active time, it would increase the UE power consumption. In addition, DRX operation would not efficiently support IDC operation. Therefore, we propose the followings. 

Proposal 1: the UE should not be mandated to transmit CSI and SRS after the active time. 
Proposal 2: The choice not to send CQI/PMI/RI/PTI reports on PUCCH and/or type-0-triggered SRS transmission should not be applicable for subframes where UL-SCH data and HARQ-ACK is transmitted.
In section3, we discuss the UE monitoring PDCCH after the UE receives positive HARQ-ACK. We observe that it would be beneficial if the UE stop monitoring PDCCH for retransmission after the UE receives a positive HARQ-ACK.

Proposal 3: The eNB configures whether to enable or disable the UE to stop monitoring PDCCH for retransmission after the UE receives a positive HARQ-ACK via RRC signaling. 
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