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Introduction
Several contributions in RAN2 are considering the proper configuration of CQI reports during DRX [1]. They are also considering what should happen to signalling resources when timing alignment is lost on the uplink [2]. We agree with many of the methods, but feel that the role of sounding reference signals (SRS) and scheduling request (SR) have not been taken fully into consideration. We include SRS design considerations in this contribution.
Discussion
It has been agreed in RAN1 that sounding reference signals (SRS) periods will be 2, 5, 10, 20, 40, 80, 160, 320 ms [3]. SRS is used in support of CQI and uplink timing estimation by the base station. RAN2 has introduced as a discussion point how to operate CQI while a mobile has been configured for DRX. We would like to include the requirements of SRS in that discussion.
DRX in Connected Mode will be configured by the eNB. Part of the configuration is the setting of the DRX-cycle On Duration, inactivity timers and HARQ timer [4]. During the On Duration, UE will monitor the PDCCH or configured resource for the possible downlink transmissions. When a PDCCH is decoded successfully, an inactivity timer will be started. At the end of the active period, UE may go back to sleep according to the configurations. 
A decision should be made on how to allow the UE to move into an unsynchronized state. Our opinion is the length of long DRX cycle should be a major determiner in this. It is conceivable that a DRX cycle greater than 1 second could lead to loss of UL synchronization. At that point, all SRS and CQI transmissions on the UL should be terminated and the UE should access the RACH whenever data needs to flow in the UL. Of course, mobility has a direct impact on UL synchronization loss. If the unsynchronized state has not been entered, the SRS transmission must continue as needed. Under modest mobility conditions (e.g. 30 kph), the SRS period should be on the order of 50 ms [5]. This is less than several of the shorter DRX cycles. Synchronization must be maintained if any uplink transmissions are to take place. 
Proposal
This leads to an important issue. How will CQI be reported and how will SRS be transmitted while the UE is in DRX mode? The issue is fairly easy to resolve. As agreed in RAN2 60bis, CQI transmissions are only during the On Duration and UE may not transmit the CQI during the Off Duration. For the SRS, we feel the same principle can be applied. The UE will transmit the SRS during the appropriate On Duration (see Figure 1). In the Off Duration, the UE may not transmit SRS. Further, to simplify the procedure to avoid frequent reassignment or release of resources, the SRS resource should not be released when the UE is not transmitting the SRS. It should only release the SRS resource when the uplink timing alignment update timer expires. 
Proposal 1: The UE transmits the SRS during the DRX On Duration, and SRS transmissions may be stopped during the off duration. The resource for the SRS will be maintained during the DRX and released only when the uplink timing alignment timer has expired.  

In order to maintain the uplink time alignment for different UE’s with high velocity, we suggest that the eNB be allowed to configure the UE for the SRS transmission irrespective of DRX in certain conditions. 
Proposal 2: To maintain uplink timing alignment, the eNB may configure the UE to transmit SRS irrespective of the DRX. 
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Figure 1. The alignment of CQI reporting and SRS transmissions with DRX.
Figure 1 shows the case when SRS is less frequent than CQI. There are times when the opposite will be true. This is the case where the eNB selects an SRS transmission periodicity that is smaller than the DRX cycle. This situation will be more common when the UE moves to the longer DRX cycles. If UL synchronization must be maintained even during the longer DRX cycle (a good candidate would be 640 ms), then the SRS must be transmitted (Proposal 2).
Conclusion

We propose the following for the SRS/CQI transmission during the DRX:

Proposal 1: The UE transmits the SRS during the DRX on-duration, and SRS transmission may be stopped during the off duration. The resource for the SRS will be maintained during the DRX and released when the uplink timing alignment timer has expired.  

Proposal 2: To maintain uplink TA alignment, the eNB may configure the UE to transmit SRS irrespective of the DRX. 
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