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1 Introduction
In the previous SI objective in the approved study items (SI) on Rel-16 enhancements for UE power saving in NR, the description is as follows [1]:
1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)
i) Network and/or UE assistance information

ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
And the most recently the following was agreed in RAN1#Adhoc1901:

	Agreements:

Update the text in the TR as follows (with change marks):
The general procedure for the study of UE adaptation to the DRX operation  is as follows,

· UE adaptation of its behavior to the DRX operation for UE power consumption reduction 

When is configured with power saving signal/channel, power saving signal/channel as the indication whether to wake up or not before or at the beginning of DRX ON duration
· At least for the indication of PDCCH monitoring
· Preparation period is used for ,( e.g., to perform channel tracking, CSI measurements, beam tracking), 
· Preparation period can be used In preparation for the PDCCH/PDSCH decoding 
· Preparation period could be before or during the DRX ON duration

· Network can indicate UE to report CSI before or after the power saving signal/channel (if configured) during the preparation period 

· Network can indicate additional RS transmission (e.g., CSI-RS, TRS, SSB and power saving signal) at the preparation period 
· Go-to-sleep signaling as the indication allowing UE going  to sleep state, e.g.,

· MAC-CE 

· DCI 

· Power saving signal/channel

· Constraints on scheduling DCI during DRX_ON
Agreements:

Update the TR as follows (with change marks):

· Dynamic DRX configuration including at least the following– 

· UE is configured with multiple DRX configurations

· Dynamic selection of DRX configuration by gNB from multiple DRX configurations (e.g., traffic, mobility)  

· UE assistance information may be considered

· Adaptive parameters setting of one DRX configuration 

· UE assistance information may be considered

· DRX parameters are indicated by gNB

· Adaptive UE behavior in the DRX operation (e.g, restart the inactivity timer)

Agreements:

· DL power saving signal and/or channel is beneficial at least in some use cases and is thus supported for UE power consumption savings

· Detailed FFS, e.g., detailed mechanisms (including reusing existing signal/channel, or a new one), purpose(s) (wake-up and/or go-to-sleep, etc.), etc.
Discuss further offline for power saving signal/channel especially regarding:

· Processing at the UE side (e.g., single-stage, multi-stage, etc.)

· Use cases

· Multiplexing mechanisms

· Requirements (including evaluation assumptions)

· Overhead


So far this topic has not been discussed in RAN2 and in this contribution, the RAN2 impact of the above agreements and possible solutions will be discussed.
2 Discussion
2.1 Background 
According to what has been agreed in TR 38.840[2], from the field data collected in the LTE network, most of subframes contain no data or small data. For some popular services like Wechat and web browsing, there are large amount of PDCCH only monitoring cases where UE monitors PDCCH but no grant is for the UE. Even though DRX can also be configured to reduce the PDCCH-only monitoring for UE, there is a significant number of consecutive slots within the effective ON duration when UE may not receive PDCCH. Therefore there is strong motivation to reduce the PDCCH-only monitoring as much as possible.
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it has been agreed that the so-called power saving signal which requires minimal functionality to detect is introduced to indicate the UE whether to wake up or not for PDCCH monitoring. More specifically, power saving signal consists two types, the “Wake up” signal triggering UE wakeup(WUS) and “go-to-sleep “signal triggering UE back to sleep(GTS) respectively. Currently, the power saving signal/channel design is under discussion and it should be in the scope of RAN1. From RAN2 perspective, it’s suggested to consider how to use the power saving signal to reduce the dummy PDCCH monitoring especially how to cooperate with C-DRX.

2.2 Power saving signal and Connected DRX 
Issue1: Dose power saving signal work without C-DRX?

Some companies proposed to use power saving signal without the C-DRX. Take the WUS for example. WUS with periodicity or predefined cycle could be used as the indication to trigger the PDCCH decoding. UE wakes up at the WUS occasions to check the WUS. If it would get the positive acknowledgement from the WUS it performs the PDCCH decoding. Otherwise, it would skip the upcoming PDCCH decoding. If UE detects PDCCH in regular PDCCH monitoring period, the network may want to give UE additional PDCCH monitoring occasion for additional chance to schedule when the traffic arrival gets dynamic and bursty.
However, this wake up signal mechanism works the similar manner as for the C-DRX. The time periodicity would be needed for the wake-up signal which is a kind of C-DRX cycle and a similar time window would be needed for network scheduling flexibility which a is kind of C-DRX Onduration or Inactivity timer. So it seems most reasonable to consider if existing C-DRX can accommodate power saving signal to make C-DRX more efficient rather than to introduce a completely new solutions addressing the same problem as C-DRX is already addressing.

Proposal 1 RAN2 is suggested to consider if existing C-DRX can accommodate power saving signal to make C-DRX more efficient rather than power saving signal working independently of C-DRX .
Issue2: How does power saving signal work with DRX?

The power saving signal is not new to NR. Actually, it was first defined in LTE eMTC and NB-IoT and it had been used as the indication whether UE should wake up at the upcoming DRX ON period for narrow band UE paging occasions. Similar method can be used in the NR for C-DRX for UE power saving. A common consensus in the RAN1’s previous contributions was the power saving signal (WUS) is transmitted before DRX Onduration. UE detects its presence to decide whether to monitor UE-specific PDCCH in the upcoming on-duration which is illustrated as the following figure.
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Figure 1 illustration of how power saving signal (WUS) works with C-DRX
If gNB has pending data to send and it decides to schedule the UE in the coming DRX Cycle, it would send WU indication to UE before the Onduration to wake it up in this coming DRX Cycle. Then after processing the indication, the UE wakes up for “onDuration” length to receive the grant. Similar to the legacy C-DRX Scheme in the LTE, once UE receives the grant, it would reset DRX Inactivity Timer and follow other legacy C-DRX procedures. Otherwise the gNB would not send WU indication to UE and will not schedule this UE until next DRX Cycle. Accordingly the UE just goes to sleep after WU stage until next DRX Cycle. In figure1, the solid and dotted area refer to active Onduration and skipped Onduration respectively.
In LTE eMTC and NB-IoT, the “Wake-up signal with DTX” instead of “Wake-up signal without DTX” was adopted. The reason is that he eNB does not need to transmit anything (i.e. DTX) in the case the eNB does want to page the UE. It brings the main benefit of low signal overhead when the paging is infrequent since the WUS needs only be transmitted in the relatively few paging occasions in which the UE is actually paged. We think the similar way can be adopted in NR for power saving.
Proposal 2 RAN2 is suggested to consider “Wake-up signal” in NR for power saving.
In LTE eMTC and NB-IoT, RAN2 decided to configure the WUS to be applied to one PO and multiple POs even though that some companies have raised concerns about the benefit and added complexity of the latter. In our understanding, the same configurablibility needs to be discussed for NR if power saving signal is introduced which is illustrated as the following figure.
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Figure 2 illustration of how power saving signal (WUS) applies to C-DRX 
From RAN2 perspective, it is feasible to apply one wake-up signal to one DRX Onduration. This could be improved further for WUS applied to multiple DRX Ondurations. It would be beneficial for UE power consumption if the UE could omit multiple DRX Ondurations if WUS is not detected prior to the DRX On- duration. But in such case, that comes from what is effectively a longer DRX cycle which brings dependencies between WUS and DRX features and it is not desirable. So we think WUS-per-Onduration should be considered as the baseline.

Proposal 3 RAN2 is suggested to consider WUS-per-Onduration as the baseline in NR for power saving. WUS applied to multiple Ondurations can be discussed further.
The UE shall indicates the supporting capability for wake-up signal by dedicated RRC signalling with gNB. If gNB supports and if WUS is enabled for the UE, the gNB can make a right decision on whether to transmit wake-up signal. Of course, gNB can disable WUS for the UE if needed.
Note that there would be no impact on legacy UEs since the power saving signal would not be transmitted by gNB for legacy UEs.
Proposal 4 The UE should report its capability of supporting power saving signal to the gNB.
Issue3: Is “Go to Sleep” (GTS) necessary?
Currently, in C-DRX, when there is no traffic for the UE, it is possible for network to send the UE MAC CE to directly indicate it to sleep for the remaining of the current DRX cycle, without waiting for the DRX On-Duration and the DRX Inactivity timers to expire. However, typically 3~4ms are required for UE to process MAC CE thus power consumption is not optimal. 
So companies proposed to use L1 signaling (e.g. PDCCH) or go-to-sleep signaling for faster skipping of monitoring. The signaling can also be used to indicate UE skipping more than one DRX cycles. And they also think the go-to-sleep signaling can also be used as the indication allowing UE going back to sleep state for upcoming K slots. In this way, the UE can enjoy a “micro-sleep” state between PDCCH monitoring occasions during the DRX ON period to further reduce the UE power consumption. 
However, we think to skip PDCCH monitoring on slots scale or on DRX cycles scale can be achieved by adjust different WUS skipping granularity. And compared to sending GTS, the “Wake-up signal with DTX” brings less signalling overhead especially for the sparse scheduling. Thus, introducing a new go-to-sleep signal (GTS) to replace MAC CE just for the UE entering DRX a little bit quicker may not be that well motivated.
Proposal 5 From RAN2’s perspective, it is not necessary to use “Go to Sleep” (GTS) to replace the MAC CE.
2.3 BWP, power saving signal pattern and DRX
Issue4: Is per BWP DRX necessary?
As a lot of company propose per BWP DRX configuration. For example, a narrow bandwidth part BWP1 and wide bandwidth part BWP2 could be configured with different values for short/long DRX cycle timer, on duration timer, inactivity timer, etc. The reason is when traffic load is low, UE may be indicated to operate within a smaller BWP with longer PDCCH monitoring period for power saving. Then when traffic is continuously arrived a wide BW part with short PDCCH monitoring period is preferred for reduce the delay. Similarly, some people also proposed the idea of configuring different power saving signal pattern (e.g. power saving signal periodicity) for different BWPs. We categorised these circumstances into 4 options, taking the WUS for example:  
Option1: Per BWP DRX, common WUS pattern
Option2: Per BWP DRX, Per BWP WUS pattern
Option3: Common DRX, Per BWP WUS pattern
Option4: Common DRX, common WUS pattern
For option1, even though per BWP DRX configuration provides flexibility for every BWP for different PDCCH monitoring intensity, we still think it is sufficient to apply two types of PDCCH monitoring intensity, i.e. short/long DRX cycle across different BWPs. The network can dynamically switch BWP according to the Long DRX cycle and Short DRX Cycle. When data arrives, the inactivity timer is running or the Short DRX Cycle begins, the network can switch UE to wide BWP which is illustrated in the following figure. In this way, DRX operation is not changed regardless of which BWP is active. So per BWP DRX is not necessary.
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Figure 3 illustration of BWP switching on C-DRX
For the same reason, for option2, we think it is not necessary. And it is very complicated.
For option3, BWP specific WUS pattern may be used to adjust PDCCH monitoring intensity which in some way comes from what is effectively a different DRX cycle. We are not sure this is a reasonable configuration and it can be discussed further.
So we would like to take option4 as the baseline.
Proposal 6 From RAN2’s perspective, it is suggested to take “Common DRX, common power saving signal pattern”across BWPs as the baseline.
2.4 Dynamic DRX configuration 
Issue1: Is Dynamic DRX configuration by lower layer signalling necessary?

The question comes from some people’s concerns that the DRX and its associated timers are typically configured through RRC signaling which makes the configuration rather static and not suitable for the ongoing traffic. Therefore they proposed a dynamic signaling mechanism where the configuration of the inactivity timer and DRX cycles in connected mode can be easily adapted based on the traffic for the UE or network conditions.
The commonly recommended procedures in RAN1’s meeting contributions of the dynamic DRX configuration consists two steps. 1) A UE can be configured with multiple DRX configurations; 2) DRX re-configuration with L1 signaling or MAC CE;
However, we think the current DRX functionality which consists of a Long DRX cycle, a DRX Inactivity Timer, and optionally a Short DRX Cycle and a DRX Short Cycle Timer already provides a good baseline for time domain adaptation based on traffic activity especially that utilizing short DRX cycle provides means to have more dynamicity upon long DRX cycle. So from UE power saving point of view, a relative long DRX interval can be configured. Then potentially having a lot of data at the gNB or UE for transmission it would take the benefits of DRX Inactivity Timer and a short DRX interval for a period of time suitable for the transmission of the available buffered data. After the data transmission has ended UE and network can resume the original DRX long cycle.
Also, it seems not essential to change the DRX configuration so fast. The UE may have different traffic types on-going but typically the dominant traffic type will not change on slot, millisecond or even tens of milliseconds scale. And it also very difficult to for the gNB to predict the traffic on slot or millisecond scale from a scheduling point of view.
In addition, using a MAC CE for reconfiguration might have reliability issues that would possibly lead to the gNB and the UE loosing DRX synchronization. And any mismatch between gNB and UE with respect to the DRX cycle would potentially cause loss of data. 
Proposal 7 From RAN2’s perspective, it is not necessary to support dynamic DRX configuration by lower layer signalling for a UE in NR.
2.5 UE assistance information for DRX configuration 
Issue1: Is UE assistance information necessary for Dynamic DRX configuration?

According to the previous RAN1’s meeting contributions, some people think the UE can recommend the preferred C-DRX (e.g. DRX cycle, Onduration timer value, inactivity timer value, etc.) and report the parameters to the gNB. In this way the C-DRX parameters for each UE can be optimized. However, we think that the network has most of the knowledge about the active traffic and can configure the UE accordingly. gNB knows the buffered data to be transmitted for the DL transmission and UL transmission, thus the decision to enter and leave DRX can be decided in network.
Some people may bring the examples for PPI introduced in R11 eDDA and delay budget information reported to the network for LTE_eVoLTE to influence the DRX value settings. However, PPI is seldom used on the field. And for UE delay budget information, it is only targeting on the enhancement of VoLTE giving the fact that accurate end-to-end VoLTE delay and loss rate are only known to the UE. So for most of other services, this feature may not be needed.
Some people may also bring the ideas of UE detection to end of the scheduling, such as the UE takes some knowledge from the application layer to indicate the network. However, we think detection of silences can be done in the network, and it may have some knowledge of the application by use of the label, thus there is no convincing motivation to define anything in the UE.
In a word, RAN2 should be cautious about introducing more UE assistance information for dynamic DRX configuration in NR. After all, excessive UE assistance information/feedback can increase signalling overhead. 

Proposal 8 From RAN2’s perspective, it is not necessary to support UE assistance information for dynamic DRX configuration in NR.
Based on the analysis above, we don’t think it is necessary to deviate too much from the current NR DRX when consider the optimizations for power saving for C-DRX. Hence, we propose:

Proposal 9 NR DRX schemes should be used as the baseline for considering possible optimizations for power saving for C-DRX.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 
Proposal 10 RAN2 is suggested to consider if existing C-DRX can accommodate power saving signal to make C-DRX more efficient rather than power saving signal working independently of C-DRX .
Proposal 11 RAN2 is suggested to consider “Wake-up signal” in NR for power saving.

Proposal 12 RAN2 is suggested to consider WUS-per-Onduration as the baseline in NR for power saving. WUS applied to multiple Ondurations can be discussed further.
Proposal 13 The UE should report its capability of supporting power saving signal to the gNB.
Proposal 14 From RAN2’s perspective, it is not necessary to use “Go to Sleep” (GTS) to replace the MAC CE.
Proposal 15 From RAN2’s perspective, it is suggested to take “Common DRX, common power saving signal pattern”across BWPs as the baseline.
Proposal 16 From RAN2’s perspective, it is not necessary to support dynamic DRX configuration by lower layer signalling for a UE in NR.
Proposal 17 From RAN2’s perspective, it is not necessary to support UE assistance information for dynamic DRX configuration in NR.
Proposal 18 NR DRX schemes should be used as the baseline for considering possible optimizations for power saving for C-DRX.
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