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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Preliminary discussions based on [1]-[5] on the RAN2 impact of RAN1 DCI-based mechanism in skipping PDCCH monitoring (i.e. go to sleep) were held in RAN2#105bis, resulting in the following agreements:

Agreement
1. RAN2 will study the RAN2 impact of DCI-based PDCCH skipping assuming that it can be configured with or without DRX.  

Then, an email discussion was scheduled to further progress on this issue:
[105bis#xx][NR/Power Saving] – PDCCH skipping (CATT)
-	Understand how L1 and L2 will work together and whether there is duplication of DRX functionality to understand whether additional mechanisms are needed.
-	Identify the RAN2 impacts 
Intended outcome: Set of agreeable proposals and TP
Deadline:  Thursday 02/05/2019

This contribution provides a report of this email discussion as well as associated proposals.
The following contributions [6]-[11] were not treated in the meeting but are provided for reference.
Discussion
Several techniques to achieve PDCCH monitoring/decoding reduction were proposed in Section 5.1.5 of TR 38.840 [12] as follows.
	The UE power consumption can be reduced when the number of UE PDCCH monitoring occasions and/or the number of PDCCH blind decoding is reduced.  
The power saving schemes to reduce PDCCH monitoring and blind decoding for further studies are as follows,
-	Triggering of PDCCH monitoring – dynamic trigger through L1 signal/signaling
-	Power saving signal triggering PDCCH monitoring
-	Go-to-sleep signaling to skip PDCCH monitoring
-	PDCCH skipping - 
-	DCI based indication  for PDCCH skipping (e.g., indication in DCI content, new SFI state).
-	L1 signal/signaling (other than DCI) based triggering  -
-	Multiple CORESET/search space configurations 
-	Configuration of different PDCCH periodicities with dynamic signaling
-	Adaptation of CORESET/search space configuration – DCI/timer/HARQ-ACK based indication 
-	Dynamic/semi-persistent CORESET/search space ON/OFF
-	Adaptation between DRX ON duration timer and inactivitytimer
-	Separated PDCCH monitoring of DL and UL
-	L1 signaling triggering to assist  UE in reducing the number of PDCCH blind decoding 
-	Reduced PDCCH monitoring on SCell (including cross carrier scheduling)
-	Network assistance –  RS is dynamically transmitted based on the need to assist UE performing synchronization, channel tracking, measurements and  channel estimations before PDCCH decoding 


This email discussion focuses on the above yellow highlighted text, which power saving gains are captured in Table 10 of [12] and summarized as follows:
	Reduction of PDCCH monitoring can also be achieved with explicit/implicit information for UE to skip monitoring PDCCH. A related approach, such as power saving signal/channel triggering/enabling PDCCH monitoring or "go-to-sleep" signaling where the gNB can signal the UE to go to the DRX OFF state or skip the PDCCH monitoring, is considered. Power saving gain in the range of 9%~83% is observed, with latency increase in the range of 0.1%~75% and overhead of 0% - 1% with one source showing 124% latency increase. Generally, the gain is higher for scenarios with CDRX configuration with larger DRX inactivity timer duration and for lower traffic load, and higher latency increase is associated with higher gain.


Some descriptions of the DCI-based PDCCH skipping mechanism were also provided, with different levels of details, in the RAN2 contributions referenced in Section 4. From those, a general principle can be given as follows, as also illustrated in Figure 1: 
Based on scheduling decisions and/or absence of data in the buffer, a DCI can indicate a UE to skip a number of PDCCH monitoring occasions. It is FFS how the amount of skipping is indicated (number of monitoring occasions, time, …) and if this amount is RRC configured or dynamically indicated in the DCI, or a combination thereof.


[bookmark: _Ref6665758]Figure 1: DCI-based PDCCH skipping basic principle
This email discussion aims at progressing on two key aspects of the DCI-based PDCCH skipping feature:
· Is there duplication of the DRX functionality?
· How L1 and L2 work together?
1.1. Is there duplication of DRX functionality?
Given both DCI-based PDCCH skipping and DRX control how UE monitors the PDCCH, it is natural to first distinguish the difference(s), if any, between both procedures in order to avoid any functionality duplication. In the following we address three aspects that can be identified as differences:
· Time scale of both procedures
· Functionality
· Power states
Issue 1a: Same or different time scale?
In [1][6][9][10], it is highlighted that the amount of PDCCH skipping is in general expected to be rather short, and preferably targets addressing, for example, scheduling gaps during a traffic burst rather than long silent intervals between two bursts. This is further confirmed by checking the simulation assumptions in the RAN1’s performance evaluations captured in Table 10 of [12], where it can be observed that companies generally used PDCCH skipping gaps in the ms (or tens of ms) range while the baseline configuration assumption used to evaluate the power saving gains are DRX configurations with cycles and sleeping intervals in the range of hundreds of ms e.g. (160, 100, 8) ms for FTP/Video and (320, 80, 10) ms for IM. In addition, the DCI-based PDCCH skipping command is faster than the DRX / Long DRX Command MAC CEs [9]. 
Q1a: Do DCI-based PDCCH skipping and DRX procedures operate on the same or different time scale? 
	Company
	Same/Different
	Comments

	OPPO
	Different
	We think DCI-based PDCCH skipping aims to short time scale, e.g., several ms or tens of ms.

	LG
	Different
	DRX procedure is for long time scale but DCI-based PDCCH skipping is for short time scale.

	vivo
	Different
	From our point of view, DCI-based PDCCH skipping will have the flexibility to skip short period or long period, it is left to design and configuration. It can work without C-DRX.
On the other hand, it can also work with C-DRX. DCI-based PDCCH skipping is more suitable for short scale, where DRX is responsible for long-term sleeping (e.g. about more than 100ms) and DCI-based PDCCH skipping for short-term control (e.g. several ms or tens of ms).
In practical network, a common set of DRX configuration is used for all types of traffic. One typical configuration is: 160ms of DRX cycle, 8ms of onduration, 60ms of inactivity timer.
If short DRX is configured, DCI-based PDCCH skipping can give more flexibility to the UE active time/sleep time comparing with any configuration of short DRX. More specific, UE can wake up or go to sleep at any time slot by using DCI-based PDCCH. 

	Apple
	Different
	DCI-based PDCCH skipping can operate with shorter time scales than the DRX Command MAC CE.
DCI-based PDCCH skipping can be used to provide PDCCH skipping period inside DRX Active Time, which is usually short (e.g.., ~5, ~10 ms).
Whereas, DRX MAC CE is only used to skip the remaining period of current DRX ON duration, which could be much longer depending on ON duration timer or inactivity timer (e.g., on the order of 20ms, 100ms).

The main target use case is PDCCH skipping (and UE power saving) between consecutive grants. During this time, gNB buffer could be empty or serving other UEs. UE can take advantage of this gaps for UE power saving based on signalling from network. In RAN1, scheduling DCI (0_1/1_1) is one of candidate DCI (together with new DCI format) to carry PDCCH skipping information. We see that scheduling DCI is very good choice as a singling method for PDCCH skipping since, by definition, it indicates the starting point of potential gap between current grant and next potential grant.
[image: ]

	Qualcomm
	Different
	We think DCI-based PDCCH skipping enables UE to sleep during short periods of inactivity in traffic or small gaps in scheduling. These short periods are expected to be much shorter than typical duration of DRX inactivity timer.
On the other hand, for commonly configured DRX parameters, UE would not stop monitoring PDCCH until after a considerable period of inactivity in traffic (at least tens of msec). And to maximize power saving, DRX cycle lengths are often in the range of hundreds of msec to match typical silent intervals between two bursts (without exceeding delay budget requirements). 
So it is fairly clear that the two schemes operate on difference time scales.

	Samsung
	Different
	It is assumed that DCI-based option aims to shorter and dynamic control compared to C-DRX.

	SONY
	Different
	PDCCH skipping applies to a shorter time scale than DRX procedures. E.g. PDCCH skipping can disable PDCCH monitoring for several ms during the DRX_ON duration, rather than the DRX procedure approach (where the PDCCH monitoring could be turned off until the start of the next DRX cycle).

	ITRI
	Different
	 DCI-based PDCCH skipping should be for the short time scale.

	Ericsson
	TBD
	Perhaps the PDCCH-skip is intended to work on a short time scale, but that does not mean that in stage 3 this will be limited to a short time scale. We can give the dataInactivityTimer as an example that was supposed to work on a long time scale (i.e. safety net for RRC state-mismatch), but entered the specifications including a (too) short time scale.  

	Panasonic
	Different
	DCI based PDCCH skipping can serve shorter time scale than MAC CE.

	MediaTek
	Same
	PDCCH skipping allows the UE to stop monitoring PDCCH for short bursts when data arrival is expected to be imminent. The short DRX mechanism, with cycle lengths starting from 2ms, models the same behaviour.

The longer durations mentioned above, i.e. > 100ms, is what is expected by the long DRX cycle. The short DRX mechanism works in conjunction with the long DRX cycle.

	Nokia
	Both
	Since it depends on DRX configuration, the question does not seem relevant.

	Huawei, HiSilicon
	Different
	DCI-based PDCCH skipping is mainly used to indicate the UE to skip the PDCCH monitoring for a flexible and short time scale, e.g. several slots or several ms, while DRX procedure operate on a long time scale with non-predictable period for sleep.

	CATT
	Different
	PDCCH skipping indeed targets shorter intervals than typical DRX inactive durations.

	Intel
	Different
	We also share the understanding that C-DRX is configured based on medium/long-term kind of UE/network traffic load prediction, and DCI-based PDCCH skipping targets short term kind of UE/network traffic load prediction.

	Xiaomi
	Different
	DCI-based PDCCH skipping aims to short time scale, e.g., several ms. This is can be further confirmed in the RAN1’s performance evaluations captured in the TR, and most of the sleep duration used in the simulation is: 2ms, 4ms, 8ms or 16ms.
Theoretically, even though the timers of DRX can be configured be very short, several ms might not be the typical values in the real deployment.

	Fujitsu
	Different
	Agree with the observation of rapporteur.

	InterDigital
	TBD
	Same view as Nokia.

	Convida
	Different
	In our view, DCI-based PDCCH skipping operates on a shorter time scale relative to DRX.

	ZTE
	TBD
	First of all,  the only thing we are sure of PDCCH skipping advantages is to provide more flexible configuration than DRX. According to the current DRX configuration , the least interval is 10ms for long DRX and 1ms for short DRX.  In our understanding, even though PDCCH skipping can provide smaller time scale than DRX, since PDCCH skipping may be configured without DRX, it seems the PDCCH skipping also can provide the same scale of DRX.



Issue 1b: Same or different functionality?
Similar to DCI-based indication to skip PCCH monitoring, the DRX and Long DRX Command MAC CE also order the UE to go to sleep by leaving DRX Active Time [14] while switching from short DRX to long DRX and vice versa, which can be viewed as some kind of basic adaptation of the sleeping time [3]. On the other hand, [9] points out that the DCI-based PDCCH skipping provides more flexibility in allowing e.g. to skip PDCCH in a fraction only of the DRX Active Time. Moreover, in several assumptions [1][5][6], it is expected that the DCI signaling the PDCCH skipping also provides more flexibility in selecting among more than just two skipping intervals e.g. 2ms/4ms/8ms. Finally, DCI-based PDCCH skipping focuses on the PDCCH monitoring function while the DRX MAC CEs also control the SRS and periodic SCI reports.
Note that further differences may result from the impact of DCI-based PDCCH skipping on DRX timers, as well as on whether PDCCH skipping is ignored or executed when Active Time is triggered by some specific events e.g. SR [5], which is further discussed in Section 2.2.
Q1b: Do DCI-based PDCCH skipping and DRX / Long DRX MAC CEs have the same functionality? Companies are also invited to provide other aspects they consider different between both procedures.
	Company
	Yes/No
	Comments

	OPPO
	No
	When UE receives DRX Command MAC CE or Long DRX Command MAC CE, the behaviours are:
· It stops drx-onDurationTimer
· It stops drx-InactivityTimer
It does not mean that UE will skip PDCCH monitoring, for example, if there are other timers running, e.g., drx-RetransmissionTimerDL/UL, UE would still need to monitor PDCCH occasions.
For DCI-based PDCCH skipping, it skips PDCCH monitoring for the indicated time duration (independent of DRX configuration as agreed) based on RAN1 design even during DRX Active Time.
We also think, DCI-based PDCCH skipping can indicate for which configured search space/CORESET the UE can skip PDCCH occasion, however, it’s out of scope of RAN2 discussion. 

	LG
	No
	As mentioned above, DCI-based PDCCH skipping is used to skip PDCCH monitoring for a short time scale and operates independently from DRX configuration. Meanwhile, DRX command MAC CE is used for the UE to enter DRX cycle immediately. Therefore, DCI-based PDCCH skipping should be designed to be RAN1-specific without RAN2 impacts, i.e. transparent to MAC operation. 

	vivo
	No
	The legacy DRX/Long DRX MAC CE can let UE to immediately stop two active DRX timers (i.e. drx-onDurationTimer and drx-InactivityTimer) and if there is no other active timer UE will go to sleep until next onDuration.
For functionality of DCI-based PDCCH skipping, there are two use cases:
1. Stop two active DRX timers
2. Skip PDCCH monitoring for a period
While the first use case is similar to the current MAC CE functionality as above (DCI vs. MAC CE). 
But the second use case means DCI-based PDCCH skipping can skip any number of PDCCH monitoring and no impact to DRX timers. If UE has valid active timer after the number of PDCCH monitoring skipping, UE can continue in active state. And this DCI-based PDCCH skipping mechanism can work with or without C-DRX. 
One typical scenario for the second use case is: for FR2 hybrid beam forming, there is only one beam for the whole bandwidth at one time point. If there are multiple UEs with different traffics have different beam directions, these UEs have to wait for the corresponding beams from the network for a period. There is no need for the UE to monitor PDCCH during this period. This period can be skipped by the DCI-based PDCCH skipping mechanism. Short DRX is not so suitable for this case due to the flexible UE traffic or beam sweeping pattern at the network side.

	Apple
	No
	They have different functionalities.
DRX MAC CE makes UE enter non-Active Time by 
- Stopping DRX inactivity timer, onduration timer, and short cycle timer;
- Stopping CSI/SRS transmission.

Whereas, DCI-based PDCCH skipping is used to skip PDCCH monitoring only. It has no impact on DRX timers and CSI/SRS transmission. 

It should be also noted that DCI-based PDCCH skipping does not have any impact on Active Time. This means that DRX operation would work as designed and configured irrespective of PDCCH skipping operation. DCI-based PDCCH skipping kicks in only after when UE is supposed to monitor PDCCH based on DRX Active Time and search space configuration. DCI-based PDCCH skipping is a supplemental technique which can be flexibly applied without changing/affecting DRX parameters/operations especially when gNB has some confidence on traffic arrival pattern or scheduling patterns.

	Qualcomm
	No
	The only purpose of PDCCH skipping is to temporarily suspend UE from monitoring PDCCH. In our view, this action should NOT affect other MAC layer procedures or timers. On the other hand, DRX MAC CE switches UE to DRX off time, during which PHY/MAC procedures are required to either stop or change their behaviours (e.g. CSI report). 
As already agreed in the last RAN2 meeting, DCI-based PDCCH skipping can be used with or without DRX, whereas DRX MAC CE can be used only when DRX is configured. This agreement clearly indicates DRX MAC CE can’t provide the same functionality as PDCCH skipping. 
So we can conclude that PDCCH skipping and DRX MAC CE have different impacts on MAC procedures and do not provide the same functionality.

	Samsung
	No
	Even though they can bring similar benefit, one can consider PDCCH skipping and DRX MAC CE have different functionality

	SONY
	No
	Agree with the general views of other companies. DCI-based PDCCH skipping turns off PDCCH monitoring for a shorter period of time and DRX timers are not affected. DRX MAC CE-based approach basically turns off PDCCH monitoring until the next DRX_ON duration.

	ITRI
	No
	We think the DCI-based PDCCH skipping should be RAN1-specific without RAN2 impacts. Therefore, the DCI-based PDCCH skipping is not expected to have the same functionality as DRX / Long DRX MAC CEs.

	Ericsson
	(No)
	You can argue that PDCCH-skip and DRX command have different functionality, i.e. the time during which PDCCH can be skipped it defined in a different way, but on the other hand they both allow the UE to skip PDCCH monitoring for some time. 
PS: one company in our view correctly indicated that with (very) short DRX cycle and InactivityTimer configuration, similar behaviour can be achieved with existing cDRX.

	Panasonic
	No
	UE doesn’t stop any DRX timer (e.g drx-onDurationTimer, drx-InactivityTimer) when it receives DCI based PDCCH skipping.

	MediaTek
	Yes for DRX MAC CE, 

No for long DRX MAC CE
	As mentioned in the response to Issue 1a, the short DRX cycle models the same behaviour as PDCCH skipping. 

The DRX MAC CE command that sends the UE to short DRX indicating the UE to stop monitoring PDCCH for a short interval, performs the same functionality as the DCI indication for PDCCH skipping. 

The long DRX MAC CE command also stops the short DRX cycle timer, and would therefore put the UE to sleep for a longer duration than the PDCCH skipping DCI.

The PDCCH skipping mechanism requires the NW to send a DCI to the UE each time it wakes up – leading to the NW having to expend power for the UE to save power. The DRX command ensures that the UE is always in a state of reduced PDCCH monitoring until there is some activity from the NW which improves power consumption for both the UE and the NW.

	Nokia
	-
	Both affect PDCCH monitoring but rely on different signalling.

	Huawei, HiSilicon
	No
	We see at least the following two differences:
1) The DCI-based PDCCH skipping can work without DRX, while the (Long) DRX Command MAC CE are work jointly with the DRX;
If working on top of the DRX, the DCI-based PDCCH skipping can indicate the UE to skip the PDCCH monitoring for a flexible period of time, but not stop the OnDurationTimer and InactivityTimer, while the (Long) DRX Command MAC CE can only indicate the UE to skip the PDCCH monitoring by stopping OnDurationTimer and InactivityTimer.

	CATT
	No
	As elaborated above, at this stage it is not expected that DCI-based PDCCH skipping has any impact on SRS and periodic CSI reports. It also controls the PDCCH skipping interval with more flexibility while DRX MAC CE gets the UE to sleep always until the next on duration. We also elaborate in Section 2.2 that PDCCH skipping should have no impact on DRX timers.

	Intel
	No
	The DCI-based PDCCH skipping limits UE's decoding of PDCCH without impacting the DRX timers (e.g. DRX inactivity timer or ON duration would still continue running even though UE skips the decoding of PDCCH on the indicated subframes).

	Xiaomi
	No
	DCI-based PDCCH skipping is used to skip PDCCH monitoring for a short time scale which works independently from DRX configuration and it can work when DRX is not configured.
DRX command MAC CE is used for the UE to enter DRX. 
During the last online meeting, a treated contribution brings the simulation results that a properly set DRX configuration can achieve the similar power saving performance as PDCCH skipping with on DRX. And this meeting we will bring some more simulations to show that the proper use of C-DRX with MAC CE combined with DRX Short cycle would bring similar power saving and delay performance as PDCCH skipping with DRX.

	Fujitsu
	No
	From the viewpoint of time scale, DRX-related timers are long.

	InterDigital
	(Yes)
	PDCCH-skipping and DRX are functionally different, but PDCCH-skipping tries to achieve the same thing as DRX because it operates on a PDCCH monitoring occasion for which DRX is already applicable. In this respect, it is a redundant mechanism.

	Convida
	No
	In our view, DCI-based PDCCH skipping is transparent to the MAC and does not directly impact the MAC procedures.  DRX/Long DRX MAC CEs are by definition visible to the MAC and will impact the MAC behavior; e.g. DRX timers, SRS and CSI periodic reporting.  

	ZTE
	No?
	PDCCH skipping can be configured to make UE not monitor PDCCH in a certain period while the (long) DRX MAC CE is to make UE drop into out active state via stopping the on duration timer and inactive timer. 



Issue 1c: Same or different power state?
From Table 19 of [12], it can be seen that transition times of 20ms and 6ms are associated with deep and light sleep states respectively, while immediate transition is assumed for power saving study purpose from or to a non-sleep state (to or from micro sleep state). As a result, deep sleep is more appropriate with the typically large sleeping interval of a DRX cycle while it seems that a UE is not expected to go lower than micro sleep with the shorter sleeping intervals of DCI-based PDCCH skipping. 
Q1c: Does UE operate on the same power state when skipping PDCCH upon a DCI-based command and during DRX-OFF?
	Company
	Yes/No
	Comments

	OPPO
	Yes/No
	We think it depends on how long the UE can be indicated to skip the PDCCH monitoring, and also the UE implementation.
If the duration is more than 20ms, based on UE implementation, it can go to deep sleep state. If the duration is less than 6ms, it can go to micro sleep or non-sleep state.
However, since different sleep states are transparent to the specification (or RAN2 specification), we assume no impacts to specification based on the outcome of this question.

	LG
	-
	Question is not clear, what is the power state? In any case, we think this is not RAN2 scope.

	vivo
	No
	As the above Q1a, the number of skipped PDCCH monitor occasion by DCI-based PDCCH skipping mechanism can be flexibly configured or controlled. This PDCCH skipping mechanism can have similar power state with DRX configuration if same parameter for PDCCH skipping and DRX configuration. 
Furthermore, with DRX configuration, PDCCH skipping can let UE enter short-term sleep state (e.g. light sleep, or micro sleep) as far as possible even during the active time of DRX. These short-term sleep state will further save power consumption compared to DRX alone.

	Apple
	No
	In general, they are different. What matters for UE’s power state is how long the UE can stay in the sleep duration. In RRC_CONNECTED mode. UE can choose the micro, light or deep sleep state based on the sleep period irrespective of whether UE is in DRX-OFF state or during PDCCH skipping.

For DCI-based PDCCH skipping, UE can enter micro/light/deep power state based on the indicated gap length. During the gap (in Active Time), UE should perform CSI/SRS related operations as scheduled. So, it is likely that UE have lower chance of having sleep and potential sleep duration is shorter.

During DRX-OFF (or not in Active Time), UE may not be expected to transmit CSI/SRS, in which case UE may enter light/deep sleep state depending on DRX cycle. Note that normally DRX cycles is larger than 20ms. In such cases, it can be assumed that UE is in deep sleep state in DRX-OFF.  

	Qualcomm
	No
	

	Samsung
	Yes/No
	It depends on many aspects like the length of off period, UE design etc.

	SONY
	No
	The power state that the UE enters is down to UE implementation. Based on a PDCCH-skipping command or MAC CE DRX command, the UE can calculate the amount of time that it can go to sleep for and choose the appropriate sleep state based on that time duration and the power consumption characteristics of the UE. 

	ITRI
	
	This should be UE implementation.

	Ericsson
	No
	As PDCCH-skip is assumed to work on a shorter time scale compared to the DRX command, the PDCCH-skip therefore can also be assumed to operate on a less efficient power state, i.e. probably only micro (and light sleep) should be assumed with PDCCH-skip.

	Panasonic
	
	Question is not clear. What is the potential specification impact should be clarified. Also it needs to be clarified that how the conclusion of this question will impact RAN2 discussion.

	MediaTek
	Yes
	For example, if we’re comparing short DRX cycle of 5ms with PDCCH skipping of 5ms, then the UE enters the same power state in both cases.

On the other hand, if we compare a long DRX cycle of 160ms with PDCCH skipping of 5ms, then of course, the UE would enter different power states in each case. We should avoid such false comparisons which are meant to model different behaviour. The long DRX cycle models inter-packet arrival while the short DRX models the further arrival of data once there is activity. PDCCH skipping models the same behaviour as short DRX.

	Nokia
	-
	What is the purpose of the question? Exclude short sleeping periods?

	Huawei, HiSilicon
	No
	It depends on how long for PDCCH skipping as indicated by the DCI-based command, and how long for the DRX-OFF.

	CATT
	No
	We expect UE to remain in micro sleep state when skipping PDCCH following DCI-based indication while it should go down to deep sleep when not in DRX Active Time.

	Intel
	-
	UE may operate on the same power state when skipping PDCCH upon a DCI-based command and during DRX-OFF, however this level of details might be up to UE implementation (same as it is done for C-DRX OFF).

	Xiaomi
	Yes/No
	It depends on the length of PDCCH skipping and the DRX off. It should follow the UE power consumption modeling from Table 19 from the TR.

	Fujitsu
	No
	The UE can be configured with the PDCCH skipping at the same time with DRX configuration. Logically, the PDCCH skipping duration can increase “off” time of the UE on top of “off” time caused by DRX configuration, resulting in more power saving.

	InterDigital
	No
	For shorter time scales targeted by PDCCH-skipping, the power state will be less efficient. There may also be a dependency on the UE implementation.

	Convida
	No
	We share the same view as Vivo in the sense that PDCCH skipping may be designed to allow the UE to enter the same power state as during the DRX-OFF period for a long skipping duration or to enter a light/micro-sleep state for a short skipping duration.  

	ZTE
	
	It is not RAN2 scope but in RAN 1.



Based on the above, companies are invited to answer the following question.
Q1d: Is DCI-based PDCCH skipping duplicating the DRX functionality?
	Company
	Yes/No
	Comments

	OPPO
	No
	One of the most different aspect is that DCI-based PDCCH skipping can enable UE to skip PDCCH for an indicated duration. Other aspects are depending on RAN1 design.

	LG
	No
	DCI-based PDCCH skipping should be designed to be RAN1-specific without RAN2 impacts, i.e. transparent to MAC operation.

	vivo
	No
	In summary, DCI-based PDCCH skipping has different functionality from DRX, with the above reasons:
1. DCI-based PDCCH skipping can give more flexibility to the UE active time/sleep time comparing with any configuration of DRX.
2. DCI-based PDCCH skipping has one more use case than DRX, i.e. Skipping PDCCH monitoring for a period.
3. DCI-based PDCCH skipping can let UE enter short-term sleep state (e.g. light sleep, or micro sleep) even during the active time of DRX.

	Apple
	No
	Based on above discussions in Q1a~Q1c, we see that DCI-based PDCCH skipping is not duplicating the functionality of DRX. It should be understood as supplemental feature to reduce UE power consumption which works on top of DRX operation (without affecting DRX functionality).

	Qualcomm
	No
	Based on above discussions in Q1a~Q1c, we see that DCI-based PDCCH skipping is not duplicating the functionality of DRX. It should be understood as supplemental feature to reduce UE power consumption which works on top of DRX operation (without affecting DRX functionality).

	Samsung
	No
	Agree with LG’s view.

	SONY
	No
	As per the discussion above, PDCCH skipping allows the UE to stop PDCCH monitoring for a signalled duration of time, while MAC-CE based indication essentially turns PDCCH monitoring off until the start of the next DRX_ON duration. 

	ITRI
	No
	We share the same with LG that the DCI-based PDCCH skipping should be RAN1-specific without RAN2 impacts. Hence, the DCI-based PDCCH skipping is not duplicating the DRX functionality.

	Ericsson
	(Yes/)No
	In our view the answer is not completely black nor white, i.e. there are differences and similarities. 

	Panasonic
	No
	Agree with Qualcomm

	MediaTek
	Yes
	Based on our responses to the earlier set of questions, PDCCH skipping duplicates the short DRX functionality.

	Nokia
	Yes
	First, we do not think the list of questions was selected fairly. One could have also asked if both PDCCH skipping and DRX affect PDCCH monitoring; or can DRX with short timers achieve the same sleeping gains as PDCCH skipping... The drawbacks of PDCCH skipping were also conveniently ignored. Thus, “Based on the above” isn’t appropriate to answer the question accurately.
In any case, we think it duplicates DRX functionality, and due to PDCCH overhead increase, we severely doubt its practical feasibility.

	Huawei, HiSilicon
	No
	Share the views of vivo.

	CATT
	No
	From above answers, it seems clear that there is not much overlap between DRX and DCI-based PDCCH skipping. 

	Intel
	No
	DCI-based PDCCH skipping is complementary functionality that could be used with and without C-DRX (up to network decision/configuration).

	Xiamomi
	(Yes/)No
	Need further discuss.
And this meeting we will bring some more simulations to show that the proper use of C-DRX with MAC CE combined with DRX Short cycle would bring similar power saving and delay performance as PDCCH skipping with DRX. From this point of view, we think it need further discussion.

	Fujitsu
	No
	Not sure the intention of the question, but the PDCCH skipping and DRX functionality are different functionality.

	InterDigital
	(Yes)
	As stated in our previous response, PDCCH-skipping tries to achieve the same thing as DRX because it operates on a PDCCH monitoring occasion for which DRX is already applicable. In this respect, it is a redundant mechanism.

	Convida
	No
	Based on the views we expressed above, we do not think DCI-based PDCCH skipping duplicates the DRX functionality.

	ZTE
	No
	From above discussions, PDCCH skipping is different with DRX operation even though thay have similar handling method (i.e control UE monitoring PDCCH).  However, as a network vendor, if we want to UE drop into power saving state, we would like to configure the DRX configuration rather than configuring PDCCH skipping alone. thus the PDCCH skipping can be configured as a supplement to the DRX configuration.



1.2. [bookmark: _Ref6576996]How L1 and L2 work together?
Given the procedure controls PDCCH monitoring, the first interaction to look at is with the DRX [4][5][7][10][11]. Indeed, when DRX is configured, the MAC entity only monitors the PDCCH during the DRX Active Time, which is defined as [5][14]:
	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; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or
-	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 (as described in subclause 5.1.4).



Therefore, the impacts of the DCI-based PDCCH skipping feature on MAC (and vice versa) depend on the impact of such feature on the above-mentioned components characterizing the Active Time.
In the following, we address the following issues:
· Impact of DCI-based PDCCH skipping on DRX
· Impact of DRX on DCI-based PDCCH skipping
Impact of DCI-based PDCCH skipping on DRX
Issue 2a: Impact of DCI-based PDCCH skipping on drx-onDurationTimer
In this scenario, MAC receives a DCI-based indication to skip PDCCH monitoring for a number (>1) of monitoring occasions while drx-onDurationTimer is running. There are three options:
· Option 1: it has no effect on the drx-onDurationTimer
· Option 2: it stops the drx-onDurationTimer
· Option 3: it suspends drx-onDurationTimer
Q2a: Which is your preferred option among option 1 and option 2 regarding the impact on drx-onDurationTimer of a DCI indication to skip PDCCH monitoring?
	Company
	Option 1 / 2
	Comments

	OPPO
	Option1
	Since it’s a RAN1 signalling, it should be transparent to MAC, so we don’t think it has impact on the DRX timers.

	LG
	Option 1
	DCI-based PDCCH skipping should be designed to be RAN1-specific without RAN2 impacts, i.e. transparent to MAC operation.

	vivo
	Option 1
	DCI-based PDCCH skipping and DRX are independent. We also agree with OPPO that it’s a RAN1 signalling, it should be transparent to MAC. Thus, DCI-based indication will not impact on any DRX timers.

	Apple
	Option 1
	DCI-based PDCCH skipping is transparent to the DRX timer maintenance.

	Qualcomm
	Option 1
	PDCCH skipping should NOT affect drx-onDurationTimer, because otherwise it would revert the power savings attained by skipping.

	Samsung
	Option 1
	

	SONY
	Option 1
	

	ITRI
	Option 1
	DCI-based PDCCH skipping should be transparent to MAC operation.

	Ericsson
	-
	In our view the PDCCH-skip is tightly coupled with the L2 scheduling , L2 data handling and DRX operation, i.e. the gNB is assumed to send the skip command when there are scheduling gaps or traffic gaps. In our view the gNB should only send the skip command when drx_InactivityTimer is running. 
In our view the gNB should not indicate PDCCH-skip during OnDuration. Alternatively the UE could not act on it, but we do not understand why the gNB would send this skip command in this case. We already have the DRX command to send the UE to sleep, when the gNB does not intend to schedule the UE during the OnDuration.

	Panasonic
	Option 1
	Same as Q1b

	Nokia
	Option 3
	Since lost scheduling opportunities need to be compensated for, not touching the timers would typically mean configuring those timers with longer values (defeating the original purpose of PDCCH skipping).

	Huawei, HiSilicon
	Option 1
	This period for PDCCH skipping as indicated by the DCI may be shorter than the remaining time of drx-onDurationTimer, which means that after the period of the PDCCH skipping, the UE should keep monitoring the PDCCH. For this reason, we think that when such DCI-based indication is received, the UE has no need to stop the drx-onDurationTimer. 

	CATT
	Option 1
	DCI-based PDCCH skipping allows saving power from unnecessary PDCCH monitoring during the DRX Active Time. It does not aim at exiting DRX Active Time.

	Intel
	Option 1
	We agree that there is no effect to drx-onDurationTimer, but it is important to confirm that even though DCI-based PDCCH skipping does not impact the running drx-onDurationTimer, the UE stops monitoring/decoding of PDCCH during the indicated time.

	Xiaomi
	Option1
	If DCI-based PDCCH skipping is introduced in RAN2, it should not impact the drx-onDurationTimer.

	Fujitsu
	Option 1
	The PDCCH skipping is transparent to MAC.

	InterDigital
	Option 1
	PDCCH-skipping should have the least possible impacts to DRX (or none at all). However, the best / easiest way to achieve this is by not supporting PDCCH-skipping.

	Convida
	Option 1
	In our view, DCI-based PDCCH skipping should be designed to be transparent to the MAC and therefore should have no effect on the drx-onDurationTimer.  

	ZTE
	Option 1
	In our understanding, the PDCCH skipping signaling is in RAN 1 scope, When such signaling is received by PHY, whether to monitor the PDCCH is left to RAN1 discussion. There is no impact on MAC layer timers.



Issue 2b: Impact of DCI-based PDCCH skipping on drx-InactivityTimer
In this scenario, MAC receives a DCI-based indication to skip PDCCH monitoring for a number (>1) of monitoring occasions while drx-InactivityTimer is running. There are three options:
· Option 1: it has no effect on the drx-InactivityTimer
· Option 2: it stops the drx-InactivityTimer
· Option 3: it suspends drx-InactivityTimer
Q2b: Which is your preferred option among option 1 and option 2 regarding the impact on drx-InactivityTimer of a DCI indication to skip PDCCH monitoring?
	Company
	Option 1 / 2
	Comments

	OPPO
	Option1
	Since it’s a RAN1 signalling, it should be transparent to MAC, so we don’t think it has impact on the DRX timers.

	LG
	Option 1
	DCI-based PDCCH skipping should be designed to be RAN1-specific without RAN2 impacts, i.e. transparent to MAC operation

	vivo
	Option 1
	Same as Q2a.

	Apple
	Option 1
	DCI-based PDCCH skipping is transparent to the DRX timer maintenance.

	Qualcomm
	Option 1
	PDCCH skipping should NOT affect drx-InactivityTimer, because otherwise it would revert the power savings attained by skipping.

	Samsung
	Option 1
	

	SONY
	Option 1
	

	ITRI
	Option 1
	DCI-based PDCCH skipping should be transparent to MAC operation.

	Ericsson
	Option 1
	

	Panasonic
	Option 1
	

	Nokia
	Option 3
	Since lost scheduling opportunities need to be compensated for, not touching the timers would typically mean configuring those timers with longer values (defeating the original purpose of PDCCH skipping).

	Huawei, HiSilicon
	Option 1
	Same comments as Q2a.

	CATT
	Option 1
	For the same reason as Q2a

	Intel
	Option 1
	Similar comment as in Q2a.

	Xiaomi
	Option 1
	If DCI-based PDCCH skipping is introduced in RAN2, it should not impact the DRX drx-InactivityTimer.

	Fujitsu
	Option 1
	Same as Q2a.

	InterDigital
	Option 1
	PDCCH-skipping should have the least possible impacts to DRX (or none at all). However, the best / easiest way to achieve this is by not supporting PDCCH-skipping.

	Convida
	Option 1
	In our view, DCI-based PDCCH skipping should be designed to be transparent to the MAC and therefore should have no effect on the drx-InactivityTimer.  

	ZTE
	Option 1
	Same as Q2a



Issue 2c: Impact of DCI-based PDCCH skipping on drx-RetransmissionTimerUL
In this scenario, MAC receives a DCI-based indication to skip PDCCH monitoring for a number (>1) of monitoring occasions while drx-RetransmissionTimerUL is running. There are three options:
· Option 1: it has no effect on the drx-RetransmissionTimerUL
· Option 2: it stops the drx-RetransmissionTimerUL
· Option 3: it suspends drx-RetransmissionTimerUL
Option 2 could be motivated for example if gNB has correctly decoded the UL TB before drx-RetransmissionTimerUL expiry, it can then release immediately the UE from monitoring the PDCCH. 
Q2c: Which is your preferred option among option 1 and option 2 regarding the impact on drx-RetransmissionTimerUL of a DCI indication to skip PDCCH monitoring?
	Company
	Option 1 / 2
	Comments

	OPPO
	Option1
	Since it’s a RAN1 signalling, it should be transparent to MAC, so we don’t think it has impact on the DRX timers.

	LG
	Option 1
	DCI-based PDCCH skipping should be designed to be RAN1-specific without RAN2 impacts, i.e. transparent to MAC operation

	vivo
	Option 1
	Same as Q2a.

	Apple
	Option 1
	For consistent design and simplicity, DCI-based PDCCH skipping should have on impact on DRX timer operations.
There are two cases to consider.
Case 1: The PDCCH monitoring skipping duration ends before drx-RetransmissionTimerUL expires. In such case, gNB simply indicates that UE is not supposed to receive any UL grant for retransmission during the period (e.g., for serving multiple users at a time). The potential UL grant for retransmission should be able to receive after skipping duration but before drx-RetransmissionTimerUL expires. 
Case 2:  The drx-RetransmissionTimerUL expires before PDCCH skipping ends. In this case, UE can safely skip all the PDCCH monitoring occasions until RetransmissionTimerUL expires and UE enters DRX-OFF.
Option 1 could support both cases and it is clear that we don’t need Option 2.

	Qualcomm
	Option 1
	We think UE behaviour is simpler and more consistent if PDCCH skipping does not change HARQ reTx timers. 
We have a different view on the motivation for Option 2 provided by the rapporteur – in that case, network can either schedule UE a new TB to terminate the reTx timer or (i.e.  there is no more new data) signal UE to skip till the end of the reTx timer, which effectively terminates that HARQ process.

	Samsung
	Option 1
	

	SONY
	Option 1
	

	ITRI
	Option 1
	DCI-based PDCCH skipping should be transparent to MAC operation.

	Ericsson
	Option 2
	When the gNB has send the skip command, the gNB assumes that the UE is not listening anymore. Furthermore the gNB might be scheduling another UE. 

	Panasonic
	Option 1
	

	Nokia
	Option 3
	Since lost scheduling opportunities need to be compensated for, not touching the timers would typically mean configuring those timers with longer values (defeating the original purpose of PDCCH skipping).

	Huawei, HiSilicon
	Option 1
	When the UE’s drx-RetransmissionTimerUL is running, the gNB may decide to not schedule such UE’s PUSCH retransmission during a period of time according to its scheduling algorithm. In this case, the gNB may send the DCI-based indication to the UE to indicate the UE toskip PDCCH monitoring for a period. With this motivation, if the UE receives the DCI-based indication for PDCH skipping,  there should be no effect on the drx-RetransmissionTimerUL with the reason as we explained in Q2a. 

	CATT
	Option 1
	We don’t think the potential HARQ optimization provided by option 2 is necessary and prefer to keep drx-RetransmissionTimerUL and DCI-based PM skipping independent of each other. 

	Intel
	Option 1
	Similar comment as in Q2a

	Xiaomi
	-
	Indeed, PDCCH skipping not changing HARQ retransmission timers would lead UE’s behaviour more consistent. 
We still a little bit confused that why the network send the PDCCH skipping when it expects the UE is listening?

	Fujitsu
	Option 1
	Same as Q2a.

	InterDigital
	Option 1
	PDCCH-skipping should have the least possible impacts to DRX (or none at all). However, the best / easiest way to achieve this is by not supporting PDCCH-skipping.

	Convida
	Option 1
	In our view, DCI-based PDCCH skipping should be designed to be transparent to the MAC and therefore should have no effect on the drx-RetransmissionTimerDL.

	ZTE
	Option 1
	Same as Q2a



Issue 2d: Impact of DCI-based PDCCH skipping on drx-RetransmissionTimerDL
Regarding, drx-RetransmissionTimerDL, the rapporteur fails to identify any motivation to stop the timer upon receiving a DCI indication to skip PDCCH monitoring, as it would trigger the MAC entity to exit the DRX Active Time, which would prevent the UE to receive the DCI for the expected DL re-transmission. As a result, it is expected that DCI-based PDCCH skipping has no impact on the drx-RetransmissionTimerDL.
Q2d: Do you agree that DCI-based PDCCH skipping has no impact on the drx-RetransmissionTimerDL?
	Company
	Yes/No
	Comments

	OPPO
	Yes
	

	LG
	Yes
	DCI-based PDCCH skipping should be designed to be RAN1-specific without RAN2 impacts, i.e. transparent to MAC operation.

	vivo
	Yes
	Same as Q2a.

	Apple
	Yes
	DCI-based PDCCH skipping is transparent to the DRX timer maintenance. 

	Qualcomm
	Yes
	Similar reason explained in our comment to Q2c.

	Samsung
	Yes
	

	SONY
	Yes
	

	ITRI
	Yes
	

	Ericsson
	-
	When the drx-RetransmissionTimerDL is running we do not think that gNB should send the skip command.

	Panasonic
	Yes
	

	Nokia
	No
	Since lost scheduling opportunities need to be compensated for, not touching the timers would typically mean configuring those timers with longer values (defeating the original purpose of PDCCH skipping).

	Huawei, HiSilicon
	Yes
	Same comments as Q2c.

	CATT
	Yes
	

	Intel
	Yes
	Similar comment as in Q2a

	Xiaomi
	-
	The same as the previous question.

	Fujitsu
	Yes
	Same as Q2a.

	InterDigital
	Yes
	PDCCH-skipping should have the least possible impacts to DRX (or none at all). However, the best / easiest way to achieve this is by not supporting PDCCH-skipping.

	Convida
	Yes
	In our view, DCI-based PDCCH skipping should be designed to be transparent to the MAC and therefore should have no effect on the drx-RetransmissionTimerDL.

	ZTE
	Yes
	Same as Q2a



Issue 2e: Impact of DCI-based PDCCH skipping on ra-ContentionResolutionTimer
Regarding, ra-ContentionResolutionTimer, the rapporteur fails to identify any motivation to stop the timer upon receiving a DCI indication to skip PDCCH monitoring, as it would trigger the MAC entity to exit the DRX Active Time, which would prevent the UE to receive the DCI for the expected UL grant for Msg3. In addition, it would erroneously interrupt the Random Access procedure. As a result, it is expected that DCI-based PDCCH skipping has no impact on the ra-ContentionResolutionTimer.
Q2e: Do you agree that DCI-based PDCCH skipping has no impact on the ra-ContentionResolutionTimer?
	Company
	Yes/No
	Comments

	OPPO
	Yes
	

	LG
	Yes
	DCI-based PDCCH skipping operates separately from MAC behaviour and should be designed to be RAN1-specific without RAN2 impacts.

	vivo
	Yes
	No need to stop the ra-ContentionResolutionTimer and interrupt the Random Access procedure. But with the assumpation that gNB has the knowledge of UE RACH state, when gNB indicates UE to skip some PDCCH monitoring, it means that gNB will not schedule this UE in that period. UE can surely go to sleep.

	Apple
	Yes
	DCI-based PDCCH skipping is transparent to the DRX active time. 
We think NW will not provide PDCCH skipping during contention resolution timer running in order to complete the RACH procedure timely.  

	Qualcomm
	Yes
	We share the same view as the rapporteur on this issue.

	Samsung
	Yes
	

	SONY
	Yes
	

	ITRI
	Yes
	

	Ericsson
	-
	In our understanding the ra-ContentionResolutionTimer and drx-InactivityTimer would typically not run at the same time. But in case they do the UE shall ignore the skip command. 

	Panasonic
	Yes
	

	Nokia
	No
	Since lost scheduling opportunities need to be compensated for, not touching the timers would typically mean configuring those timers with longer values (defeating the original purpose of PDCCH skipping).

	Huawei, HiSilicon
	Yes
	The ra-ContentionResolutionTimer running implies that the UE’s contention resolution has not been successful, and thus the gNB has no idea this UE is performing the CB RA. It may happen that the gNB send an DCI indication for PDCCH skipping to the UE. In this case, the UE should keep the ra-ContentionResolutionTimer running and thus keep the PDCCH monitoring. Otherwise, it will interrupt the RA procedure and may result in the re-transmission of the RA preamble.

	CATT
	Yes
	

	Intel
	Yes
	UE keeps monitoring PDCCH when ra-ContentionResolutionTimer is running and collides with the duration indicated by PDCCH skipping

	Xiaomi
	-
	The same as the previous question.

	Fujitsu
	Yes
	Same as Q2a.

	InterDigital
	(Yes)
	Same view as Ericsson.

	Convida
	Yes
	In our view, DCI-based PDCCH skipping should be designed to be transparent to the MAC and therefore should have no effect on the ra-ContentionResolutionTimer.

	ZTE
	Yes
	Same as Q2a



Issue 2f: Impact of DCI-based PDCCH skipping on the DRX Active Time during an SR procedure
In this scenario, MAC receives a DCI-based indication to skip PDCCH monitoring for a number (>1) of monitoring occasions after UE has switched to DRX Active Time as a follow-up of initiating an SR procedure, while waiting for the resulting UL grant. In this case, the rapporteur fails to identify any motivation for this to trigger the MAC entity to exit from DRX Active Time, as it would prevent the UE from receiving the DCI for the expected UL grant. As a result, it is expected that DCI-based PDCCH skipping has no impact on the DRX Active Time triggered by an SR procedure.
Q2f: Do you agree that DCI-based PDCCH skipping does not trigger the MAC entity to exit DRX Active Time during an SR procedure while waiting for the resulting UL grant?
	Company
	Yes/No
	Comments

	OPPO
	Yes
	If there is DCI-based PDCCH skipping received, UE should apply the DCI-based PDCCH skipping. However, this does not mean the UE exit DRX Active Time. In other words, if the skipping duration ends, UE should still monitor PDCCH occasion since it’s still in DRX active time. 

	LG
	Yes
	DCI-based PDCCH skipping should be designed to be RAN1-specific without RAN2 impacts, i.e. transparent to MAC operation.

	vivo
	No
	With the assumpation that gNB has the knowledge of UE SR state, when gNB indicates UE to skip some PDCCH monitoring, it means that gNB will not schedule this UE in that period. UE can surely go to sleep.

	Apple
	Yes
	DCI-based PDCCH skipping is transparent to the DRX active time. 
If NW prioritizes the scheduling upon SR reception, NW will not provide DCI-based PDCCH skipping.

	Qualcomm
	Yes
	We share the same view as the rapporteur on this issue.

	Samsung
	Yes
	

	SONY
	Yes
	

	ITRI
	Yes
	

	Ericsson 
	-
	After the gNB has send the skip command, the gNB does not listen to that UE for a short duration anymore. 

	Panasonic
	Yes
	

	Nokia
	Yes
	Since lost scheduling opportunities need to be compensated for, not touching the timers would typically mean configuring those timers with longer values (defeating the original purpose of PDCCH skipping).

	Huawei, HiSilicon
	Yes
	The MAC should still in DRX Active Time and the UE should monitor the PDCCH (i.e. ignore the DCI-based PDCCH skipping) considering that the UE has no idea which of the following two cases happen:  Case 1: the gNB does not receive UE’s SR and happens to send the DCI-based indication to the UE while the UE is waiting for the UL grant;2) the gNB has successfully received the SR and intentionally send the DCI-based indication to the UE for PDCCH skipping.

	CATT
	Yes
	

	Intel
	Yes
	

	Xiaomi
	-
	The same as the previous question. Since the network knows the UE is listening, why it send the skipping?

	Fujitsu
	Yes
	Same as Q2a.

	InterDigital
	Yes
	PDCCH-skipping should not have any impact to DRX Active Time due to a pending SR. However, the best / easiest way to achieve this is by not supporting PDCCH-skipping.

	Convida
	Yes
	In our view, DCI-based PDCCH skipping should be designed to be transparent to the MAC.  If a DCI-based PDCCH skipping indication is received after initiating an SR procedure, it should be applied by the UE.  However, since PDCCH skipping should be transparent to MAC, this should not trigger the MAC entity to exit the DRX Active Time.

	ZTE
	Yes
	



Impact of DRX on DCI-based PDCCH skipping
Issue 2g: Impact of DRX on DCI-based PDCCH skipping
A UE keeps on monitoring the PDCCH even after receiving a DRX / Long DRX Command MAC CE during Active Time when the Active Time is due to other events than the drx-onDurationTimer and drx-InactivityTimer  for example SR [14]. Similarly, in [5], it is proposed that a DCI-based PDCCH skipping command is ignored if received during DRX Active Time triggered by some specific events, specifically:
If the MAC entity is in Active Time because of one of the following events:
·  drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer is running;
·  a scheduling request is 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
and the MAC entity receives a DCI-based indication for PDCCH skipping:
· Option 1: the MAC entity ignores the PDCCH skipping and keeps on monitoring the PDCCH
· Option 2: the MAC entity applies the PDCCH skipping
· Option 3: the MAC entity does not receive DCI-based indication for PDCCH skipping
Q2g: Which is your preferred option among option 1 and option 2 regarding the impact on PDCCH skipping of the above mentioned events?
	Company
	Option 1 / 2
	Comments

	OPPO
	Option2
	UE should still apply the PDCCH skipping, which means PDCCH skipping should be transparent to MAC.

	LG
	Option 3
	DCI-based PDCCH skipping should be designed to be RAN1-specific without RAN2 impacts, i.e. transparent to MAC operation.
The MAC entity does not know whether the DCI-based PDCCH skipping is received or not by PHY. The MAC entity operates according the current MAC specification, but the PHY may skip monitoring some of PDCCHs according to the DCI. 

	vivo
	Option2
	With the assumpation that gNB has the knowledge of UE state, when gNB indicates UE to skip some PDCCH monitoring, it means that gNB will not schedule this UE in that period. UE can surely go to sleep.

	Apple
	Option 2
	DCI-based PDCCH skipping is transparent to MAC. 
NW should take all the cases (e.g. new transmission, retransmission, RACH) into account when transmitting the PDCCH skipping DCI. 
From UE perspective, PDCCH monitoring skipping could be unnecessary in certain situation such as SR pending case, RACH procedure since the UE is waiting for response from network as soon as possible. However, from network perspective, things could be different. Since network has to serve multiple UEs, gNB scheduler could make decision (schedule) to serve the UE from some time in the future (e.g., 5ms later). Then, UE could use that time duration (although it is short) for power saving until its turn comes. In RAN1, we are discussing using scheduling DCI to support this kind of features. With this approach, it is highly likely that PDCCH skipping duration may overlap with DRX retransmission timer durations. If we introduce exceptional cases, then the feature itself becomes quite complicated to describe/implement/test. So, it is preferred to have consistent UE behavior for simplicity.

	Qualcomm
	Option 2
	For reasons explained in our comment to Q2e and Q2f, we think it makes sense to apply skipping if UE receives an indication for PDCCH skipping during DRX active time. This would make UE’s behaviour simple and consistent with or without DRX.
We share the view that PDCCH skipping should be designed such that it is as transparent to MAC as possible.

	Samsung
	Option 3
	We believe RAN2 need to verify whether DCI-based skipping PDCCH brings additional benefit on top of C-DRX operation (especially when considering onDuration can be as short as 1/32 ms), however, if the scheme is to be defined, we think it should be transparent to RAN2 specification. The only way to make it transparent is for PHY to handle DCI-based indication on its own and do not bother MAC.

	Sony 
	Option 2
	Similar reasons to those expressed above, e.g. by Vivo and Apple.

	ITRI
	Option 3
	DCI-based PDCCH skipping should be transparent to MAC. Therefore, MAC entity should not know whether the DCI-based PDCCH skipping is received or not by PHY.

	Ericsson
	-
	In our view the gNB should only send the skip command when drx-InactivittyTimer is running, i.e. some of the questions were already answered before. 
In case SR is pending UE should ignore the skip. We are not sure about the use case when RA is initiated when drx-InactivittyTimer.

	Panasonic
	Option 2
	Agree with Apple and Qualcomm

	Nokia
	Option 2
	Option 1 and 2 seems to contradict the opinion that PDCCH skipping is transparent to MAC. If the question is whether the UE can ignore PDCCH skipping order issued by the network, we believe it should not, except when RACH is ongoing (as the network might not be aware of ongoing RACH due to e.g. SR failure).

	Huawei, HiSilicon
	Option 1
	We also share the view of that the DCI-based PDCCH skipping design is RAN1-specific, and its impact on the MAC functionality should be avoided as much as possible.  We understand all the options are not against this principle.
Following figure shows the scenario which we understand this question talks about. At T1 the NW sends the DCI-based PDCCH skipping to the UE without considering the events that may occur in future. At T1+N, a concerned event occurs, for example the UE sends the SR. Considering that the SR may request resource for delay-sensitive data or signalling, and the NW may prefer to schedule the UE immediately, the UE should keep the PDCCH monitoring after that event. 



	CATT
	Option 2
	We think in majority of cases the gNB is aware of the on-going HARQ, RACH or SR procedures and will therefore only apply DCI-based PM skipping on purpose, hence UE should follow the gNB order. Above usecase from Huawei could be viewed as a corner case coming with a potential latency penalty. RAN1 simulations show that any power saving scheme comes with some latency penalty but which tend to be acceptable given the power saving benefit. 

	Intel
	Option 2
	Upon reception of DCI-based indication for PDCCH skipping, MAC skips the PDCCH monitoring with the exception of the cases explained in previous questions.

	Xiaomi
	-
	Some of the questions were already answered before. 
But for the SR case mentioned by Huawei, should UE ignore the skipping or not be allowed to send SR during the Skipping duration need further study. In Legacy DRX, SR procedure is not limited to DRX scheduling. Maybe follow the legacy DRX can be a simple option.

	Fujitsu
	Option2
	Same as Q2a.

	InterDigital
	Option 3
	Same view as Samsung.

	Convida
	Option 3
	In our view, the gNB will only send the DCI-based PDCCH skipping indication when it does not intend to schedule the UE during the corresponding time period.  The UE may therefore skip the PDCCH monitoring during that time period regardless of what event caused the UE to be in the Active Time.  We agree with the view by LG that this behavior is transparent to the MAC, so the wording of Option 3 is more accurate, since the MAC is unaware of the reception of the DCI-based PDCCH skipping indication.

	ZTE
	Option 3
	Same as Q2a



Summary of the email discussion
Twenty companies participated to the email discussion.
· Issue 1: Is there duplication of the DRX functionality?
Issue 1a: Same or different time scale?
Different time scale: 15
Same time scale: 1
Both same and different: 1
TBD: 3
From the above, it appears that most companies think that DCI-based PDCCH skipping and DRX operate on different time scales.
Observation 1: DCI-based PDCCH skipping and DRX operate on different time scales.
Issue 1b: Same or different functionality?
Different functionality: 16
Same functionality: 2 (one just for DRX MAC CE)
Not sure/TBD: 2
From the above, it appears that most companies think that DCI-based PDCCH skipping and DRX have different functionality.
Observation 2: DCI-based PDCCH skipping and DRX have different functionality.
Issue 1c: Same or different power state?
Different power state: 10
Different or same: 3 (depending on various factors including e.g. UE implementation)
Not in RAN2 scope: 2
Most companies believes that a UE operates on different power states when in DRX-OFF and when executing a DCI-based PDCCH skipping. However, it also appears that this question is not straightforward to answer because it is out of RAN2 scope and depends on UE implementation.
Observation 3: A UE is expected to operate in different power states when in DRX-OFF and when executing a DCI-based PDCCH skipping, however this is not RAN2 expertise and also depends on UE implementation.
Is DCI-based PDCCH skipping duplicating the DRX functionality?
No: 15
Yes: 3
(Yes/)No: 2
From the above, it appears that most companies think that DCI-based PDCCH skipping does not duplicate the DRX functionality.
Observation 4: DCI-based PDCCH skipping does not duplicate the DRX functionality.
As a result, it is proposed to conclude this issue with the following proposal:
Proposal 1: DCI-based PDCCH skipping is supported in Rel-16.

· Issue 2: How L1 and L2 work together?
Impact of DCI-based PDCCH skipping on DRX
Issue 2a: Impact of DCI-based PDCCH skipping on drx-onDurationTimer
· Option 1: it has no effect on the drx-onDurationTimer: 17
· Option 2: it stops the drx-onDurationTimer: 0
· Option 3: it suspends drx-onDurationTimer: 1
In addition, one company thinks that the gNB should not indicate PDCCH-skip during OnDuration, which does not contradict Option 1. Hence, it appears that most companies think that DCI-based PDCCH skipping has no effect on the drx-onDurationTimer.
Proposal 2: DCI-based PDCCH skipping has no effect on the drx-onDurationTimer.
Issue 2b: Impact of DCI-based PDCCH skipping on drx-InactivityTimer
· Option 1: it has no effect on the drx-InactivityTimer: 18
· Option 2: it stops the drx-InactivityTimer: 0
· Option 3: it suspends drx-InactivityTimer: 1
From the above, it appears that most companies think that DCI-based PDCCH skipping has no effect on the drx-InactivityTimer.
Proposal 3: DCI-based PDCCH skipping has no effect on the drx-InactivityTimer.
Issue 2c: Impact of DCI-based PDCCH skipping on drx-RetransmissionTimerUL
· Option 1: it has no effect on the drx-RetransmissionTimerUL: 16
· Option 2: it stops the drx-RetransmissionTimerUL: 1
· Option 3: it suspends drx-RetransmissionTimerUL: 1
In addition, one company thinks that the gNB should not indicate PDCCH-skip while drx-RetransmissionTimerUL is running, which does not contradict Option 1. Hence it appears that most companies think that DCI-based PDCCH skipping has no effect on the drx-RetransmissionTimerUL.
Proposal 4: DCI-based PDCCH skipping has no effect on the drx-RetransmissionTimerUL.
Issue 2d: Impact of DCI-based PDCCH skipping on drx-RetransmissionTimerDL
Do you agree that DCI-based PDCCH skipping has no impact on the drx-RetransmissionTimerDL?
· Yes: 16
· No: 1
In addition, two companies thinks that the gNB should not indicate PDCCH-skip while drx-RetransmissionTimerDL is running, which does not contradict the “no impact” answer. Hence, it appears that most companies think that DCI-based PDCCH skipping has no impact on the drx-RetransmissionTimerDL.
Proposal 5: DCI-based PDCCH skipping has no impact on the drx-RetransmissionTimerDL.
Issue 2e: Impact of DCI-based PDCCH skipping on the ra-ContentionResolutionTimer
Do you agree that DCI-based PDCCH skipping has no impact on the ra-ContentionResolutionTimer?
· Yes: 16
· No: 1
In addition, one company thinks that in that case the UE should ignore the skip command and another one thinks that the gNB should not indicate PDCCH-skip while ra-ContentionResolutionTimer is running. In both cases, it does not contradict the “no impact” answer. Hence, it appears that most companies think that DCI-based PDCCH skipping has no impact on the ra-ContentionResolutionTimer.
Proposal 6: DCI-based PDCCH skipping has no impact on the ra-ContentionResolutionTimer.
Issue 2f: Impact of DCI-based PDCCH skipping on the DRX Active Time during an SR procedure
Do you agree that DCI-based PDCCH skipping does not trigger the MAC entity to exit DRX Active Time during an SR procedure while waiting for the resulting UL grant?
· Yes: 16
· No: 0
In addition, one company thinks that in that case the gNB should not indicate PDCCH-skip, which does not contradict the “no impact” answer. Hence, it appears that most companies think that DCI-based PDCCH skipping does not trigger the MAC entity to exit DRX Active Time during an SR procedure.
Proposal 7: DCI-based PDCCH skipping does not trigger the MAC entity to exit DRX Active Time during an SR procedure.

From the above conclusions, it appears that DCI-based PDCCH skipping has no impact on DRX, hence on MAC.
Proposal 8: DCI-based PDCCH skipping has no impact on MAC.

Impact of DRX on DCI-based PDCCH skipping
If the MAC entity is in Active Time because of one of the following events:
·  drx-RetransmissionTimerDL or drx-RetransmissionTimerUL or ra-ContentionResolutionTimer is running;
·  a scheduling request is 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
and the MAC entity receives a DCI-based indication for PDCCH skipping:
· Option 1: the MAC entity ignores the PDCCH skipping and keeps on monitoring the PDCCH: 1
· Option 2: the MAC entity applies the PDCCH skipping: 10
· Option 3: the MAC entity does not receive DCI-based indication for PDCCH skipping: 6
[bookmark: _GoBack]From the above, it appears that a slight majority of companies prefer Option 2. However, based on the comments associated with the answers, these companies also think that the UE should apply the PDCCH skipping during DRX Active Time, irrespective of the event that triggered the Active Time. But this is not necessarily visible to MAC. Therefore, Option 2 should be updated as:
· Option 2: the UE applies the PDCCH skipping
Other companies prefer Option 3 which, based on the associated comments can be interpreted in two ways:
Option 3a: The MAC entity does not receive DCI-based indication for PDCCH skipping because this function is transparent to MAC.
Option 3b: The MAC entity does not receive DCI-based indication for PDCCH skipping because gNB will never send it in the above usecases.
Option 3a seems then consistent updated Option 2 in expressing the view that DCI-based skipping is transparent to MAC, which is already captured with above proposal 8. And Option 3b does not contradict the updated Option 2, in that, of course, the UE applies the PDCCH skipping only if it receives it.
From the above, we can draw the following conclusions/proposals:
Proposal 9: The UE applies the PDCCH skipping during DRX Active Time irrespective of the event that triggered the Active Time.
Proposal 10: MAC has no impact on DCI-based PDCCH skipping.
[bookmark: _Ref6663992]Conclusions
Following companies’ views on the differences between DCI-based PDCCH skipping and DRX, and their inter-dependence, the following observations and proposals are derived:
Observation 1: DCI-based PDCCH skipping and DRX operate on different time scales.
Observation 2: DCI-based PDCCH skipping and DRX have different functionality.
Observation 3: A UE is expected to operate in different power states when in DRX-OFF and when executing a DCI-based PDCCH skipping, however this is not RAN2 expertise and also depends on UE implementation.
Observation 4: DCI-based PDCCH skipping does not duplicate the DRX functionality.
Proposal 1: DCI-based PDCCH skipping is supported in Rel-16.
Proposal 2: DCI-based PDCCH skipping has no effect on the drx-onDurationTimer.
Proposal 3: DCI-based PDCCH skipping has no effect on the drx-InactivityTimer.
Proposal 4: DCI-based PDCCH skipping has no effect on the drx-RetransmissionTimerUL.
Proposal 5: DCI-based PDCCH skipping has no impact on the drx-RetransmissionTimerDL.
Proposal 6: DCI-based PDCCH skipping has no impact on the ra-ContentionResolutionTimer.
Proposal 7: DCI-based PDCCH skipping does not trigger the MAC entity to exit DRX Active Time during an SR procedure.
Proposal 8: DCI-based PDCCH skipping has no impact on MAC.
Proposal 9: The UE applies the PDCCH skipping during DRX Active Time irrespective of the event that triggered the Active Time.
Proposal 10: MAC has no impact on DCI-based PDCCH skipping.
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