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1 Introduction

At RAN2#75 UE behaviour w.r.t. CQI/SRS reporting for scenarios where Active Time is abruptly stopped by PDCCH or MAC control element was agreed for Rel-8/9 [1][2], i.e. UE has the option to continue sending CQI/PMI/RI and/or SRS for 4 subframes after Active Time ending. It was further concluded to introduce in Rel-10 a mandatory UE behaviour for the CSI/SRS reporting at DRX state transitions in order to avoid eNB complexity caused by unpredictable UE behaviour. This contribution is discussing the Rel-10 UE behaviour and proposes that the CSI/SRS reporting time period shall be 4subframes longer than the DRX Active Time. Furthermore some remaining open issue for the Rel-8/9 UE behaviour is looked at.     
2 Discussion
2.1 CQI/PMI/RI/SRS reporting during DRX in Rel-8/9

In order to account for UE processing time constraints at DRX state transitions, it was agreed that for the case that Active Time is extended by PDCCH reception, UE is allowed to skip sending CQI and/or SRS for four subframes. However the NOTE in section 5.7 of TS36.321 only covers the case where a PDCCH extending the Active Time is received in the last subframe of the current Active Time.  It should be obvious though that from UE implementation point of view the same processing time constraints exists also when a PDCCH is received in one of the last four subframes, e.g. when a PDCCH is received in the third last subframe of the Active Time, UE needs the same time to process PDCCH and internally affect CQI/SRS reporting functionality as in the case that PDCCH is received in the last subframe of Active Time. Essentially UE might not be able to comply with the specification regarding CQI/SRS transmission when PDCCH is received in one of fourth last to second last subframe of Active Time. 
Therefore we think that also for those cases UE shall be only required to send CQI/SRS after 4subframes have passed in the newly extended Active Time. The figure below illustrates the proposed UE behaviour for the exemplary scenario where the “extending” PDCCH is received in the third last subframe of Active Time.   
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Figure 1: proposed UE behaviour when "extension" PDCCH is in the third last subframe received
In the example the “old” Active Time as defined by the DRX related timers is lasting from subframe 2 to subframe 8. Accordingly UE plans to report CQI/SRS (if configured) during the corresponding UL subframes 2 to 8.  A PDCCH indicating a new transmission is received in subframe 6, which in turn leads to an Active Time extension, referred to here as “extended Active Time” for illustrative purpose. This “extended” Active Time spans over subframe 7 to subframe 4 of the next SFN. Due to the processing time constraints the UE shall be allowed to not report for the first four subframes in the “extended” Active Time, i.e. UE is required to send CQI/SRS only from subframe 1. However the UE shall still report CQI/SRS for the remaining subframes of the “old” Active Time, i.e. subframe 7 and 8. It should be noted that this would be no problem from UE implementation point of view since sending CQI/SRS during those subframes was anyway originally considered by the UE. In summary the UE is allowed to skip CQI/SRS transmissions during subframe 9 and 0 when a PDCCH is received in the subframe 6. 

To capture above described UE behaviour in TS36.321 might be a bit tricky, since in specifications there is no distinguishing between an “old” Active Time and “extended” Active Time. In the following we present two alternatives for capturing the proposed UE behaviour in the NOTE of section 5.7:

Alternative 1:

NOTE:
A UE may optionally choose to not send CQI/PMI/RI reports on PUCCH and/or SRS transmissions for up to 4 subframes following a PDCCH indicating a new transmission (UL or DL) received in one of the last 4 subframes of active time. 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 reports on PUCCH and/or SRS transmissions for up to 4 subframes. The choice not to send CQI/PMI/RI reports on PUCCH and/or SRS transmissions is not applicable for subframes where onDurationTimer is running and for the remaining 0 to 3 subframes of Active Time after PDCCH reception.   

Alternative 2:

NOTE:
A UE may optionally choose to not send CQI/PMI/RI reports on PUCCH and/or 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 reports on PUCCH and/or SRS transmissions for up to 4 subframes. The choice not to send CQI/PMI/RI reports on PUCCH and/or SRS transmissions is not applicable for subframes where onDurationTimer is running and for the subframes n-i+1 to n.
Since alternative 2 is more precise than alternative 1 we have a slight preference for alternative 2. Draft Rel-8/9 CRs for the second alternative can be found in [3][4].

Proposal: a Rel-8/9 UE is allowed to skip CQI/SRS transmissions for up to four subframes also for cases where PDCCH extending the Active Time is received in one of last four subframes of Active Time. 
2.2 CSI/SRS reporting during DRX in Rel-10
In order to avoid the additional eNB complexity caused by the optional UE behaviour w.r.t CSI/SRS reporting at DRX state transitions in Rel-8/9, it was concluded at RAN2#75 meeting to mandate a UE behaviour for Rel-10. 

In our view the only sensible and from implementation point of view feasible UE behaviour which would cover both the Active Time stopping as well as the Active Time extension case would be to mandate that UE reports CSI/SRS for 4 more subframes after DRX Active Time has stopped. This solution would UE allow sufficient time for processing PDCCH/MAC CE and to affect the CSI/SRS reporting functionality in its implementation. It should be noted that a PDCCH could per se basically both stopping and extending the Active Time, i.e. PDCCH allocates (initial) PDSCH resources which contains DRX MAC CE. 
An exemplary scenario for illustrating the proposed UE behaviour is shown in the figure below.
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Figure 2: CSI/SRS is transmitted for 4 more subframes after Active Time ending



It could be argued that one drawback of the proposed solution is that mandating UE to report CSI/SRS outside the DRX Active Time leads to an increased UE power consumption and also that those CSI/SRS reports are most likely of no use for the eNB.  However since usually CSI/SRS is not transmitted in every subframe, i.e. periodicity of CSI/SRS is typically larger than 1ms, we consider this a minor issue.    
Proposal:  a Rel-10 UE shall report CSI/SRS for 4 more subframes after Active Time stopped.
A corresponding CR can be found in [5].
3 Conclusions

This contribution discusses UE behaviour w.r.t CSI/SRS reporting at DRX state transitions. It’s proposed to agree on the following:
Proposal: a Rel-8/9 UE is allowed to skip CQI/SRS transmissions for up to four subframes also for cases where PDCCH extending the Active Time is received in one of last four subframes of Active Time.

Proposal:  a Rel-10 UE shall report CSI/SRS for 4 more subframes after Active Time stopped.
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