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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 RAN2#105[2]:

Agreements

-
RAN1 can focus on the design on the signal/channel.   From RAN2 perspective, the power saving signal/channel scheme is considered jointly with DRX.  RAN2 assumes that the WUS scheme is linked/associated to DRX.   RAN2 should study the impact to c-DRX. 

-
RAN2 assumes that RAN1 will downscope the solutions as soon as possible

In a word, the RAN2 will focus on the power saving signal/channel scheme working jointly with DRX and the power saving signal scheme is linked/associated to DRX. 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, 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, the power saving signal/channel scheme is considered jointly with DRX.

2.2 Power saving signal and Connected 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. The similar method can be used in the NR for C-DRX for UE power saving. A common consensus in the RAN1’s previous contributions is that the power saving signal (WUS) is transmitted before DRX Onduration. UE detects its presence to decide whether to monitor the upcoming Onduration 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 WUS indication to UE before the Onduration. Then after processing the indication, the UE wakes up for “onDuration” length to receive the grant. Otherwise the gNB would not send WUS indication to UE until the next DRX Cycle. In figure1, the solid and dotted areas refer to active Ondurations and skipped Ondurations 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 the 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 few paging occasions when the UE is actually paged. We think the similar way can be adopted in NR for power saving.
Proposal 1 RAN2 is suggested to consider “Wake-up signal with DTX ” in NR for power saving.
In LTE eMTC and NB-IoT, RAN2 decided to configure the WUS to be applied to one PO or multiple POs even though that some companies have raised concerns about the benefits and the added complexity of the latter. In our understanding, the same configurablibility needs to be discussed. From RAN2 perspective, it is feasible to apply one wake-up signal to one DRX Onduration (one-to-one mapping) and multiple DRX Ondurations (one-to-N mapping).
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Figure 2 illustration of how power saving signal (WUS) applies to C-DRX 
It may be beneficial for UE power consumption if the UE could omit multiple DRX Ondurations if WUS is not detected. But in such case, that comes from what is effectively a longer DRX cycle which brings dependencies between WUS and DRX feature and it is not desirable. So we think WUS-per-Onduration should be considered as the baseline.

Some further possible enhancement includes applying multiple wake-up signals to one DRX Onduration (N –to-one mapping). This means there may be N WUS occasions for one DRX Onduration as showed in the next figure 3 where N refers to 2 wake-up signals during one DRX Onduration.
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Figure 3 illustration of how multiple power saving signal (WUS) applies to C-DRX 
A typical way is to achieve this N-to-one mapping is to configure the WUS with a periodicity or a predefined cycle within the DRX active durations. 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 until the next WUS occasion. This method brings benefit of decreasing data scheduling latency compared to the ‘one-to-one mapping’ or ‘one-to-N mapping’ schemes in that if a packet arrives after a WUS occasion, the scheduling for the packet will be done immediately in the next WUS occasions within the DRX Onduration or within the DRX Inactivity Timer. 

However, this scheme well applies for UE with sporadic traffic arrival within the DRX Active time. But if a UE detects the first WUS at the beginning of the DRX Onduration, the likelihood of more traffic coming is larger. In this way, the following multiple WUS occasions may not be needed within the DRX Onduration or within the DRX Inactivity Timer. So the benefit needs further evaluations. After all, this increases complexity for both network and the UE.

Proposal 2 RAN2 is suggested to consider WUS-per-Onduration as the baseline in NR for power saving. WUS applies to multiple Ondurations or multiple WUS apply to one Onduration can be discussed further.
In current NR’s DRX scheme we see that the SR procedure in general is independent from the DRX procedure. This means that the SR procedure is not limited to DRX scheduling. So the WUS will not applied to the SR as well as Contention-Free RA procedure. Similarly, when the retransmission is expected, WUS will not be applied to the DRX Retransmission Timer.
Proposal 3 The WUS will not be applied to SR, Contention-Free RA procedure and Retransmission timer.
Regarding to the signalling, 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.
2.3 Is “Go to Sleep” (GTS) necessary
Another question is whether “Go to Sleep” (GTS) is 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. Figure 3 is an example of using smaller WUS skipping granularity to achieve a “micro-sleep” state between the multiple WUS occasions during the DRX ON period. And skipping on multiple DRX cycles scale can be achieved by adjustting to a bigger WUS skipping granularity. As show in the following figure, when the scheduling becomes sparse and gNB happened to known there is no data to send for the UE in the near future, gNB sent UE the MAC CE and indicate UE to extend WUS Cycle by change the  ‘one-to-one mapping’ to ‘one-to-N mapping’. If the UE doesn’t detect a WUS, it will enter micro sleep until the next WUS occasion which is several DRX cycles away.
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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. After all, the missed L1 signaling (e.g. PDCCH) based GTS can lead to increase in UE power consumption as UE is awake unnecessarily, which can be avoided by MAC CE-based GTS which takes the feedback from the UE side in consideration. Hence, we propose:
Proposal 5 From RAN2’s perspective, it is not necessary to use “Go to Sleep” (GTS) to replace the MAC CE.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 
Proposal 6 RAN2 is suggested to consider “Wake-up signal with DTX” in NR for power saving.

Proposal 7 RAN2 is suggested to consider WUS-per-Onduration as the baseline in NR for power saving. WUS applies to multiple Ondurations or multiple WUS apply to one Ondurations can be discussed further.
Proposal 8 The WUS will not be applied to SR, Contention-Free RA procedure and Retransmission timer.
Proposal 9 The UE should report its capability of supporting power saving signal to the gNB.
Proposal 10 From RAN2’s perspective, it is not necessary to use “Go to Sleep” (GTS) to replace the MAC CE.
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