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1 Introduction
In the last RAN2 meeting, there was discussion on DRX enhancement [1] in Rel-11. Regarding optionality of CSI/SRS reporting, it was concluded that RAN2 keep the NOTE as it is in TS36.321. However, it was suggested to have further study on whether CSI/SRS transmission can be mandated when there is other UL transmission. 
- Mandate CSI/SRS reporting for UL transmission?

=>
Study further for the next meeting.

Therefore, in this document, we would like to provide further view on this issue. 
2. CSI/SRS transmission

There are several cases where CSI/SRS is transmitted with other UL transmission during the transient period in which the UE is allowed to optionally choose to transmit CSI/SRS. 
· CSI+ PUSCH: when CSI and PUSCH are to be transmitted in the same subframe, the UE transmits CSI in PUSCH resource with uplink data. Therefore, the UE optional behavior is not applied in this case. It means that the UE shall transmit CSI. 
· CSI + HARQ-ACK: when CSI and HARQ-ACK are to be transmitted in the same subframe, CSI can be transmitted with HARQ-ACK in PUCCH resource for CSI if the simultaneous transmission is enabled. Therefore, if the UE optionally chooses to transmit CSI during the transient period, the eNB may need to blindly detect whether HARQ-ACK is transmitted in PUCCH for HARQ-ACK or PUCCH for CSI. In Rel-11, it is introduced that CSI and multiple HARQ-ACKs are multiplexed in PUCCH format 3 with the joint coding. In this case, the eNB should perform double decoding whether the received codeword is based on HARQ-ACK only or HARQ-ACK+CSI. In addition, if the UE does not transmit CSI, the eNB cannot receive channel information which is beneficial for future PDSCH scheduling and decision of PDCCH aggregation level. 
· SRS+PUSCH: If PUSCH bandwidth is overlapped with cell specific SRS bandwidth, the last symbol of PUSCH is punctured regardless of SRS transmission. However, when PUSCH is transmitted out of cell specific SRS bandwidth, the last symbol of PUSCH is not punctured if SRS is not transmitted by the same UE. Therefore, if the UE optionally chooses to transmit SRS during the transient period, the eNB should perform blind decoding for PUSCH depending on whether SRS is transmitted or not. 
· SRS + HARQ-ACK: when SRS and HARQ-ACK are to be transmitted in the same subframe, SRS can be transmitted and the shortened PUCCH is used if the simultaneous transmission is enabled. Although the UE optionally chooses to transmit SRS during the transient period, the UE should still use shortened format. Therefore, there is no significant problem in terms of eNB decoding. However, the eNB cannot receive SRS which may be beneficial for future PUSCH scheduling. 

The following table summarizes the cases for simultaneous CSI/SRS transmission with other uplink transmissions. It is observed that CSI+HARQ-ACK has a significant problem with the UE optional behavior but it would be also beneficial to mandate the UE to transmit SRS in the sense that the eNB can receive SRS for future uplink scheduling. 
	Case
	Current UE operation
	If it is mandated,

	CSI + HARQ-ACK
	Optional
	Avoid double decoding in eNB. 
CSI can be used for eNB scheduling.

	CSI + PUSCH
	Mandatory
	-

	SRS + PUSCH
	Optional 
	Avoid double decoding in eNB. 
SRS can be used for uplink scheduling

	SRS + HARQ-ACK
	Optional
	SRS can be used for uplink scheduling


Table 1: cases for simultaneous CSI/SRS transmission with HARQ-ACK or PUSCH
Based on the above discussion, we propose to mandate CSI/SRS transmission during the transient period if there is uplink transmission. It should be noted that mandating CSI/SRS transmission has little impact on UE power consumption since UE needs to transmit PUSCH/HARQ-ACK anyway. And the following modification highlighted in red is recommended in Section 5.7 in TS36.321.  

Proposal 1: CSI/SRS transmission should be mandated if there is other uplink transmission. And the NOTE in section 5.7 in TS36.321 should be modified as follows
	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 [2], 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 1: 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 2: 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, we discuss the impact of UE optional behavior in several cases where CSI/SRS are transmitted with other UL transmission during the transient period. 

Proposal 1: CSI/SRS transmission should be mandated if there is other uplink transmission. And the NOTE in section 5.7 in TS36.321 should be modified as follows. 
	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. 


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 2: 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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