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Introduction
 (
Specify power saving techniques 
with
 PDCCH-based
 power saving signal/channel 
triggering UE adaptation in RRC_CONNECTED mode 
[RAN1, RAN2, RAN4]
 
Specify procedures triggering a MAC entity to “wake up” to monitor PDCCH at reception of the PDCCH-based power saving signal/channel for the next occurrence
(s) 
of the 
drx-onDurationTimer
 [RAN2, RAN1]
NOTE
: 
Any change of PDCCH channel coding and payload 
interleaver
 is not in the scope
)In Rel-16 Power Saving WID, PDCCH-based power signal/channel which wakes up a MAC entity to monitor PDCCH is included as one of the topics to be studied. 
In this paper, we discuss upper-layer procedures required to support this signal, which is referred to as wakeup signaling (WUS) in the rest of the paper. 
Discussion
Interaction with DRX
Since the current agreement is that DRX configuration is per MAC entity, all carriers wake up for on duration at the same time. Therefore, only one WUS per MAC entity is enough. If WUS is sent on only one carrier, then this carrier has to be SpCell, because in general SpCell is more reliable than SCells, as UE persistently monitors SpCell for RLM/RLF. Therefore, WUS should be configured on only one cell and this cell should be SpCell.   
Proposal 1.	WUS is configured on SpCell only.
RAN1 have already agreed that PDCCH-based WUS can be a group-common DCI, i.e. it can be addressed to multiple UEs. On the other hand, a WUS group is allowed to contain only one UE too. In either case, we see two possible network behaviors:
· Network sends a WUS to one or multiple UEs. This WUS contains a payload that indicates whether a UE has new data to receive or not. 
· Network does not send anything in a WUS occasion. This can be because all UEs in this WUS group has no data to receive and hence there is no need to send an explicit signal for UEs to process. Or with a small likelihood, network does send a WUS but UE fails to detect it.
In the first case, UE behavior should be simple: after UE decodes the WUS, if its corresponding indication in the payload shows no data, then it goes back to sleep and skips the next occurrence of DRX on duration. Otherwise, it stays up and starts monitoring PDCCH when DRX on duration starts. 
In the second case, UE has two options: either goes back to sleep and skip next DRX on duration or wakes up and start DRX on duration. From power perspective, we think the latter makes more sense, for the following reasons:
· Field data has shown that when DRX is running, most on durations are empty without data. Therefore, the first option (i.e. not sending anything when there is no data) can help reduce signaling. 
· The main perceived advantage of the second option (i.e. wakeup even if WUS is not received) is that it can be more reliable than the first option. We think this advantage can be marginal if miss-detection rate of WUS is low. For example, RAN1 is discussing 0.1% miss-detection rate for a PDCCH based WUS transmission. If that’s agreed, then it is very unlikely that UE would miss a WUS transmission two DRX cycles in a row. And for applications suitable for DRX, 0.1% chance of violating delay budget typically is not a concern. Even if it is, this error rate can be mitigated by using a shorter DRX cycle. After all, the advantage of WUS is to enable shorter DRX cycle (hence shorter latency for user) while keeping power consumption low. 
Base on the above analysis, we propose that
Proposal 2. 	If UE does not detect WUS, it does not wake up for the next DRX on duration. Otherwise, it follows its corresponding indication in the payload of the received WUS.
In [1][2], it is proposed that UE should ignore a WUS occasion if one of the following two conditions are met (basically, UE comes out of DRX off time and start monitoring PDCCH before next DRX on duration starts):
· a Scheduling Request has been sent on PUCCH and is pending;
· a PDCCH indicating a new transmission addressed to the C-RNTI of the MAC entity has not been received after successful reception of a Random Access Response for the Random Access Preamble not selected by the MAC entity among the contention-based Random Access Preamble.
We also think this behavior is correct, because in these two scenarios UE is already in DRX active time and continuously monitors PDCCH. Whether network has data for UE or not should not change UE’s DRX state. 
We think there is another scenario where the same criteria apply. When a data burst is longer than the length of a DRX cycle, it is possible that DRX active time overlaps with a WUS occasion. When that occurs, it makes sense for UE to ignore that WUS occasion. That is because if network has new data for UE, it is already monitoring PDCCH and ready to receive data. If network has no data for UE, we already have DRX MAC CE for that purpose. In addition, according to RAN1 agreement, WUS can have its own CORESET and BWP, which can be different from the CORESETs and active BWP that UE uses during DRX active time. It hence does not make sense for UE to switch its BWP during active time to read WUS for no apparent benefits.   
Therefore, we can generalize the above arguments and conclude that UE should ignore a WUS occasion if it overlaps with DRX active time.
Proposal 3. UE does not attempt to decode WUS if it is already in DRX active time.
Interaction with reference signals
RLM/BFD resources 
Since UE does not wake up if PDCCH-based WUS is not received, it becomes very important for UE to maintain a reliable serving beam for its PDCCH, because otherwise UE may mistake a failed beam as no WUS is sent, resulting in miss detection of beam failure. We therefore think it is important for UE to measure radio link quality of its configured beam failure detection resources, even if WUS indicates that UE should skip the next DRX on duration.  
If UE is configured with separate RLM resources, to ensure reliability of UE’s serving cells, we think the same UE behavior should be required too. 
Proposal 4. 	UE measures its configured RLM/BFD resources, even if WUS (or the lack of) indicates that UE should skip the next DRX on duration.
SRS and CSI
In Rel-15, RAN2 have agreed that no SRS and CSI of any type shall be sent outside DRX active time. The reason is that the main purpose of those reference signals is to assist network in its scheduling. If UE is outside DRX off time and has no data to send and receive, then it would be a waste to send them. Therefore, we think this agreement should continue to be applied independent of WUS, i.e. if WUS indicates UE should skip the next DRX on duration, then no SRS or CSI should be transmitted until UE enters DRX active time again. 
Proposal 5. 	UE does not transmit any SRS or CSI outside DRX active time, independent of WUS. 
1.1.1 Collision with DL RS
Given the possible values of DRX cycles and periodicity of reference signals, it is possible that a WUS occasion may collide with a DL RS. When that happens, we think it is more important for UE to receive reference signal instead of WUS. Because otherwise, UE may miss an opportunity to perform measurements required by important procedures such as mobility. On the other hand, if reference signal is given higher priority, UE can assume it may have data to receive and continue to start the DRX on duration. If UE’s assumption is not correct, network can compensate it by sending a DRX MAC CE to send UE back to sleep. This arrangement will not cost too much extra power, because UE is already switched on for reference signal and the only extra active time is from the WUS occasion to the reception of DRX MAC CE. Therefore, we propose that
Proposal 6. 	If a WUS occasion collides with a DL reference signal, UE wakes up for the next DRX on duration. 
Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals:   
Proposal 1.		WUS is configured on SpCell only.
Proposal 2. 	If UE does not detect PDCCH-based WUS in a WUS occasion, it does not wake up for the next DRX on duration. Otherwise, it follows its corresponding indication in the payload of the received WUS.
Proposal 3. 	UE does not attempt to decode WUS if it is already in DRX active time.
Proposal 4. 	UE measures its configured RLM/BFD resources, even if WUS (or the lack of) indicates that UE should skip the next DRX on duration.
Proposal 5. 	UE does not transmit any SRS or CSI outside DRX active time, independent of WUS. 
Proposal 6. 	If a WUS occasion collides with a DL reference signal, UE wakes up for the next DRX on duration. 
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