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Introduction
On the last RAN2 meeting, DRX ambiguous period was discussed and a CR was agreed through email discussion. But the following issues are still open:
· Issue 1: Whether DRX MAC CE should be considered in evaluating the ambiguous period?
· Issue 2: What is the value for NR DRX ambiguous period?
Discussion
Consideration on DRX MAC CE
In NR, two kinds of DRX MAC CEs are supported resulting in two relevant use cases (Figure-1):
· DRX command MAC CE: used to switch long DRX cycle into short DRX cycle;
· Long DRX command MAC CE: used to switch short DRX cycle into long DRX.


(a) Use case of DRX command MAC CE

 
(b) Use case of Long DRX command MAC CE
Figure-1 DRX MAC CE use cases

In the following, the ambiguous periods caused by the above two kinds of DRX MAC CEs are analyzed separately:
· Case 1: Ambiguous period caused by DRX command MAC CE
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]In this case, only PDCCH received at the end of Active Time will cause an ambiguous period. The maximum ambiguous period is shown in Figure-2. There are two stages of DRX ambiguous period:
· Stage 1: PDCCH processing time
If PDCCH scheduling DRX command MAC CE is received at the end of Active Time, UE needs sometime to decode the PDCCH to judge whether it is a new transmission or not in order to make decision on whether the drx-inactivity timer should be started or not. From the time from PDCCH reception to the time UE completed the PDCCH decoding, UE is not sure whether it is in Active Time or not. If CSI masking is not configured, UE’s behavior on whether to report CSI or not is unclear, gNB should perform blind decoding/DTX detection on whether there is CSI report or not, or just drop it.
· Stage 2: From K0 to the completion of DRX command MAC CE 
Once receiving DRX command MAC CE, UE should stop drx-onDurationTimer and drx-InactivityTimer. Hence, from the time of PDSCH reception to the time that the DRX command MAC CE is decoded successfully, UE is uncertain whether the drx-InactivityTimer should be running or stopped. Same as above, if CSI masking is not configured, gNB should also perform blind decoding/DTX detection on whether there is CSI report or not, or just drop it.
But more worrisome, during Stage 2, at the time point of ACK/NACK feedback, CSI may also need to be reported simultaneously. In this case, there is an ambiguity at the gNB on the assumed payload size on the ACK/NACK report: A/N or A/N + CSI? Some blind decoding might be implemented by the network which will anyway result in increased complexity and less reliable ACK/NACK decoding. In any case, this is worse than just losing a CSI report.



[bookmark: _Ref513459148][bookmark: OLE_LINK14][bookmark: OLE_LINK15]Figure-2 Ambiguous period caused by DRX command MAC CE

· Case 2: Ambiguous period caused by Long DRX command MAC CE
Different from Case 1, in this case, both PDCCH received at the middle or end of Active Time will cause ambiguous period. For the latter, it was argued that by some companies that sending such command at the end of the Active Time is useless, because the UE will anyway go to sleep shortly. However we think it is a wrong assumption considering the decision of switching to long DRX cycle can be made at any time of the Active Time. It may actually make a lot of sense since the network will send such command based on the traffic activity, so it may want to wait for the “last minute” in case any DL data would arrive, even late, during the Active Time. Note in LTE, when evaluating the ambiguous period, the long DRX command MAC CE sent at the end of Active Time was also considered.
Figure-3 shows the ambiguous period caused by PDCCH received in the middle of Active Time. In this case, there is no ambiguity until the PDSCH reception since the onDurationTimer is still running, so the UE is in Active Time. But from that time on, the UE only knows if it received a DRX MAC CE (and therefore must stop both onDurationTimer and drx-InactivityTimer) after it has decoded the MAC CE successfully. Hence the maximum ambiguous period equals K1 + Long DRX MAC CE processing time. And similar to Case 1, during this period, joint ACK/NACK feedback and CSI report may need to be transmitted by the UE, in which case there is an ambiguity at the gNB on the payload size assumed on the ACK/NACK report: A/N or A/N + CSI. Hence the same conclusion is derived as for Case 1, that the ACK/NACK report is impacted which is worse than just losing a CSI report.


[bookmark: _Ref513466520]Figure-3 Ambiguous period caused by Long DRX command MAC CE - 1

Figure-4 shows the ambiguous period caused by PDCCH received at the end of Active Time. It is same as Case1.  The ambiguous period includes two parts: Stage 1 and Stage 2. 


Figure-4 Ambiguous period caused by Long DRX command MAC CE - 2 

From the analysis on Case 1 and Case 2, it is observed that:
Observation 1: Both DRX command MAC CE and Long DRX MAC CE will cause an ambiguous period. During this period, blind decoding/DTX detection on CSI report and CSI+ACK/NACK payload will be required which will result in increased complexity and less reliable ACK/NACK decoding.
Based on the above observation, we suggest:
Proposal 1:  In NR, when evaluating the DRX ambiguous period, DRX MAC CE should be considered.
Value for NR DRX ambiguous period
In the email discussion of DRX ambiguous period CR, it was agreed to capture the ambiguous period as below:
	in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments received and Scheduling Request sent x ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this subclause:


As shown above, the maximum ambiguous periods are the same for Case 1 and Case 2 including stage 1 and stage 2. However, to keep things simple and in accordance with the above CR, we suggest defining on single ambiguous period with a single value covering both above cases. Hence, the maximum ambiguous period should be equal to K0+K1+MAC CE processing time.
[bookmark: _GoBack]Proposal 2: The ambiguous period should be equal to K0+K1+MAC CE processing time.
We now need to assess relevant values of K0, K1 and DRX MAC CE processing time pertaining to the DRX ambiguous period. Since the intention of a DRX MAC CE is to maximize power savings, i.e. force the UE to go to sleep quickly, we think it does not make sense to use largest possible values for the above parameters.
· K0
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]For K0, considering it is possible for gNB to request a UE to switch to default BWP and go into long DRX cycle simultaneously, hence the value of K0 used to evaluate the DRX ambiguous period can be based on the BWP switching time. According to RAN4 LS [1], 2ms can be used as the value of K0 for evaluating the DRX ambiguous period.
· K1
RAN1 designed K1 to range from 0 to 8 slots. However, taking the above “quick intention” of a DRX command, we think K1 should not exceed 1 ms for a DRX command.
· DRX MAC CE processing time
RAN1 already assessed this processing time to be 0.5 ms. We give an example below of such assessment in a RAN1 agreement of RAN1#92bis meeting in the context of the Random Access procedure:
	· Confirm the following working assumption:
· Minimum time gap between the end of PDSCH for Msg4 and the start of HARQ-ACK equals to the duration of N1 + L2.
· N1 refers to the UE processing time value determined in the HARQ/scheduling session with front loaded plus additional DMRS and UE capability #1
· L2=500 usec refers to the MAC layer processing time
· Note: the reason for working assumption is due to potential concern over satisfying ITU requirement (to be checked) 


[bookmark: OLE_LINK26][bookmark: OLE_LINK27]In conclusion, we propose do dimension the DRX ambiguous period to 3.5ms accounting for the above dimensioning analysis.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 3: The DRX ambiguous period is set to 3.5ms, based on the following values for K0, K1 and DRX MAC CE processing time:
· K0: 2ms;
· K1: 1ms;
· DRX MAC CE processing time: 0.5 ms.
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1:  In NR, when evaluating the DRX ambiguous period, DRX MAC CE should be considered.
Proposal 2: The ambiguous period should be  equal to K0+K1+MAC CE processing time.
Proposal 3: The DRX ambiguous period is set to 3.5ms, based on the following values for K0, K1 and DRX MAC CE processing time:
· K0: 2ms;
· K1: 1ms;
· DRX MAC CE processing time: 0.5 ms.
The corresponding CR is provided in [2].
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