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1	Introduction
In RAN2#AH 1807 meeting, the issues presented [1] were discussed and the decision was postponed. These issues were discussed for LTE in [2,3] RAN2#78 and successive meetings without any agreement. 
This document analyzes the two situations shown in [1] and proposes a way forward. 
[bookmark: _Ref178064866]2	Discussion
The two cases to analyse and discussed in [1] are: 
[…]
- Case 1. While the UE uses Long DRX cycle, the UE receives a PDCCH for a new transmission. The UE keeps restarting drx-InactivityTimer due to continuous PDCCH for a new transmission.
- Case 2. While the UE uses Short DRX cycle, the UE receives a PDCCH for a new transmission. The UE keeps restarting drx-InactivityTimer due to continuous PDCCH for a new transmission. drx-ShortCycleTimer expires and the UE starts using Long DRX cycle.
[…]
According to [1], CSI reporting will be limited when CSI masking is configured since the UE remains in the Long DRX cycle even if there is traffic. 
Case 1: Analysis 
1) The UE is configured with a Long DRX cycle.
2) The UE receives a PDCCH indicating a new DL transmission during the active period, the drx-InactivityTimer is (re-)started. 
	1>	if the MAC entity is in Active Time:
2>	monitor the PDCCH;
2>	if the PDCCH indicates a DL transmission or if a DL assignment has been configured:
3>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding PUCCH transmission;
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
2>	if the PDCCH indicates a UL transmission:
3>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first repetition of the corresponding PUSCH transmission;
3>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
2>	if the PDCCH indicates a new transmission (DL or UL):
3>	start or restart drx-InactivityTimer in the first symbol after the end of the PDCCH reception.



While this timer is running, the UE does not leave the active period. 
	When a DRX cycle is configured, the Active Time includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running;



3) During the active period, the UE does not report the CSI if the network configures CSI masking and drx-onDurationTimer has expired or is not running:
	1>	if CSI masking (CSI-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.



When there is traffic, the drx-onDurationTimer may expire before than drx-InactivityTimer. This results in that, once the drx-onDurationTimer expires, the UE does not report CSI on PUCCH (if CSI masking was configured). The UE will continue its DRX cycle and UE will start the drx-onDurationTimer at the specified periods accoridng to the DRX formula. It will be then, when drx-onDurationTimer is running, when the UE reports and transmit the periodic CSI on PUCCH.

Case 2: Analysis 
1) The UE is configured with a short DRX cycle. The UE starts the active period while the short DRX cycle is used.
2) The UE receives a PDCCH indicating a new DL transmission during the active period, the drx-InactivityTimer is (re-)started. 
	1>	if the MAC entity is in Active Time:
2>	monitor the PDCCH;
2>	if the PDCCH indicates a DL transmission or if a DL assignment has been configured:
3>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding PUCCH transmission;
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
2>	if the PDCCH indicates a UL transmission:
3>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first repetition of the corresponding PUSCH transmission;
3>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
2>	if the PDCCH indicates a new transmission (DL or UL):
3>	start or restart drx-InactivityTimer in the first symbol after the end of the PDCCH reception.



While this timer is running, the UE does not leave the active period. 
	When a DRX cycle is configured, the Active Time includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer (as described in subclause 5.1.5) is running;



3) During the active period, when drx-onDurationTimer is not running and the network configures CSI masking, the UE does not report the CSI:
	1>	if CSI masking (CSI-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.



4) The drx-ShortCycleTimer may expire while the drx-InactivityTimer is running. This results in that the Long DRX cycle parameters are taken in use.
	[bookmark: _Hlk519589272]1>	if drx-ShortCycleTimer expires:
2>	use the Long DRX cycle.
[…]
1>	if the Long DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:
2>	start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.




Once the UE enters the Long DRX cycle, the CSI reporting on PUCCH will be less frequent, as analysed above, case 1. 

	1>	if drx-InactivityTimer expires or a DRX Command MAC CE is received:
2>	if the Short DRX cycle is configured:
3>	start or restart drx-ShortCycleTimer in the first symbol after the expiry of drx-InactivityTimer or in the first symbol after the end of DRX Command MAC CE reception;
3>	use the Short DRX Cycle.
2>	else:
3>	use the Long DRX cycle.


5) drx-InactivityTimer expires. 

As soon as drx-InactivityTimer expires, the Short DRX cycle configuration will be reapplied and it will overwrite the active configuration i.e. the long DRX cycle. Thus, the UE will not continue in the long DRX cycle.
The fact that the UE enters the long DRX cycle only have side effects if CSI masking is setup while, when CSI masking is not setup, it is irrelevant if the UE applies the long DRX cycle.




The issue presented in case 1 and case 2 is the result of several design choices which are not optimal:
· CSI masking configuration
· CSI masking does not seem to be useful when traffic is expected;
· CSI reporting governed by drx-onDurationTimer
· When there is traffic, other timers force the UE to stay in the active period. Then, it seems to be beneficial that CSI reporting is allowed in this case. However, the original purpose of associating the CSI reporting to the drx-onDurationTimer was to allow UEs to share PUCCH resources in a predictable manner. 
· the drx-ShortCycleTimer continues running even if there was traffic 
· drx-ShortCycleTimer is (re-)started when drx-InactivityTimer expires. When there is traffic, drx-InactivityTimer might not expire and that may result in that the drx-ShortCycleTimer expires and the long DRX cycle is taken into use. 

The following options may address the issues listed above. The options are listed into two groups. One group is a set of options that depend on the network implementation, and a second group which requires standardization work.
1) NW implementation solution (no standard impact): 
a. Appropiate DRX parametrization and RRC reconfiguration
b. Not configuring CSI masking
c. Utilization of aperiodic CSI
2) Solutions with standard impact for case 1:
a. Remove support for CSI masking
b. Govern the CSI reporting by all or some the timers which keep the UE in the active period
i. This option would result in that CSI masking is invalidated, as in option a.
3) Solutions with standard impact for case 2:
a. Re-start drx-ShortCycleTimer when drx-InactivityTimer is started, as suggested in [5] (as previously proposed in proposal 3 in [2] and [3])
b. Stop drx-ShortCycleTimer when the PDCCH indicates a new transmission (DL, UL) (as previously proposed in [4]) [6]
i. This avoids entering the long DRX cycle when there is ongoing traffic.
DRX configuration is complex; thus, it is important to select a proper parameter setting for the DRX configuration. The problems outlined in [1] seem to be side effects of specific configurations and the network may be able to eliminate these issues with a proper configuration or using aperiodic CSI reporting. Case 1 and case 2 can ultimately be resolved by the network configuration. Thus, we believe that these are non-critical and minor optimizations.
[bookmark: _Toc521590387]Case 1 can be solved by the network implementation.
[bookmark: _Toc521590388]Case 2 can be solved by re-starting or stopping drx-ShortCycleTimer when drx-InactivityTimer is re-starts [5, 6]. However, case 2 can also be solved by network implementation.
3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Case 1 can be solved by the network implementation.
Proposal 2	Case 2 can be solved by re-starting or stopping drx-ShortCycleTimer when drx-InactivityTimer is re-starts [5, 6]. However, case 2 can also be solved by network implementation.
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