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1 Introduction

In last RAN2 #101 meeting, the CSI and SRS reporting in DRX active time was briefly discussed, and it was agreed:

=>
When defining the UE behavior on CQI/PMI/RI and type 0 SRS reporting on PUCCH, the ambiguity period should also be considered in NR.  FFS on the values of the ambiguous period.  

In this paper, we discuss the values of the ambiguous period for DRX active time.
2 Discussion

In current NR MAC specification, regarding CSI and SRS reporting, it specifies [5.7, TS38.321]:

1>
else (i.e. not part of the Active Time):

2>
not transmit type-0-triggered SRS defined in TS 38.214 [7].
1>
if CQI masking (cqi-Mask) is setup by upper layers:

2>
if drx-onDurationTimer is not running:

3>
not report CSI on PUCCH.
1>
else:

2>
if the MAC entity is not in Active Time:

3>
not report CSI on PUCCH.
If following the current specified behaviour on reporting CSI and SRS as above, it requires a very tight UE processing time depending on PDCCH reception, due to unexpected DRX state transition, similar as that in LTE [R2-086318]. For example, UE may send CSI when not being in active time since there is not enough time for processing the PDCCH or MAC CE which stops the Active time for a sudden.

Observation 1 UE may report CSI when not being in active time since there is not enough time for processing PDCCH or MAC CE. 

Unexpected DRX state transition including:
· Unexpected extending of active time:
· PDCCH indicates a new transmission (DL or UL) to start or restart drx-InactivityTimer;
· Unexpected stopping of active time:
· PDCCH is received to stop DRX retransmission timer or MAC contention resolution timer;
· DRX MAC CE command or Long DRX Command MAC CE is received to stop either drx-onDurationTimer or drx-InactivityTimer;
For unexpected extending of active time, an example can be shown as follows:
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The Active time is supposed to be end at the end of subframe n-3, it’s unexpectedly extended at n-3 due to PDCCH arrival which starts the DRX inactivity timer. In this case, UE may not have enough time to preparing the CSI reporting which may happen in n-2.

Observation 2 UE may not report CSI and/or SRS when in Active time due to unexpected extending of Active time. 

For unexpected stopping of active time, an example can be shown as follows:


[image: image2]
The Active Time is unexpectedly stopped at the end of the n-2 since of the DRX MAC CE is received, however, UE may still report CSI and/or SRS after Active Time since it does not have enough time to process MAC CE.

Observation 3 UE may report CSI and/or SRS when not in Active time due to unexpected stopping of Active time. 

In LTE MAC specification [5.7, TS 36.321], the behaviour on reporting CSI and/or SRS considering DRX state transition is specified as follows:
-
in current subframe n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, type-0-triggered SRS [2] shall not be reported.

-
if CQI masking (cqi-Mask) is setup by upper layers:

-
in current subframe n, if onDurationTimer would not be running considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI/CRI on PUCCH shall not be reported.

-
else:

-
in current subframe n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC control elements/Long DRX Command MAC control elements received and Scheduling Request sent until and including subframe n-5 when evaluating all DRX Active Time conditions as specified in this subclause, CQI/PMI/RI/PTI/CRI on PUCCH shall not be reported.

According to the specification, the UE shall not report CSI and/or SRS on subframe n if it judges subframe n is not in Active Time for 5 subframes in advance. An example is shown as follows for this behaviour:
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Based on our understanding, even if UE is not in active time for subframes n-4 to n-1, the UE can still report CSI and/or SRS since it has judged 5 subframes before that these subframes are supposed to be in active time. 
According to [1] and [2], the 5 ms is adopted due to that UE needs time to process MAC CE. Besides the ACK/NACK feedback is 4 subframes later than the PDSCH, eNB can not know whether MAC CE is successfully received or not until feedback is received. Therefore, the time is determined by the MAC CE processing time and the time gap between PDSCH and PUCCH.
Observation 4 UE determines whether to perform periodic CSI/SRS transmission 5 subframes in advance, 5 subframes are adopted due to MAC CE processing time and time gap between PDSCH and PUCCH.
For the time gap between PDSCH and PUCCH, which is also know as K1, it is indicated in the DCI which schedules the PDSCH, and the value is configured by higher layers [9.2.3, TS 38.213]:

With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 that includes a PDSCH-to-HARQ-timing-indicator field [5, TS 38.212] and schedules a PDSCH reception or DL SPS release over a number of symbols where the last symbol is within slot 
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, where 
[image: image6.wmf]k

 is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format. The PDSCH-to-HARQ-timing-indicator field values map to values for a number of slots indicated by higher layer parameter DL-data-DL-acknowledgement as defined in Table 9.2.1-1 from a set of number of slots provided by higher layer parameter Slot-timing-value-K1. If the UE detects a DCI format that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception over a number of symbols where the last symbol is within slot 
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For the time required for processing MAC CE, it should be noted that it includes decoding of corresponding DL-SCH and processing of TB. Decoding of corresponding DL-SCH is already included in the K1, while processing of TB is still not clear which should be discussed in RAN2.

Proposal 1 The time for UE to determine whether or not performing CSI/SRS transmission in advance is K1 and the time for processing MAC CE;

Proposal 2 The time for processing MAC CE should be further discussed in RAN2.
3 Conclusion

Based on the discussion in section 2 we propose the following:
Observation 1
UE may report CSI when not being in active time since there is not enough time for processing PDCCH or MAC CE.
Observation 2
UE may not report CSI and/or SRS when in Active time due to unexpected extending of Active time.
Observation 3
UE may report CSI and/or SRS when not in Active time due to unexpected stopping of Active time.
Observation 4
UE determines whether to perform periodic CSI/SRS transmission 5 subframes in advance, 5 subframes are adopted due to MAC CE processing time and time gap between PDSCH and PUCCH.
Proposal 1
The time for UE to determine whether or not performing CSI/SRS transmission in advance is K1 and the time for processing MAC CE;
Proposal 2
The time for processing MAC CE should be further discussed in RAN2.
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