3GPP TSG-RAN2 Meeting #108	R2-1915292
Reno, USA, 18-22 November 2019

	
Agenda Item:	6.20.2 RAN2 led TEI16 enhancements - User plane related
Source: 	Ericsson
Title:  	Email report [107bis#49][NR TEI16] cDRX enhancement for CA
Document for:	Discussion and Decision
Introduction
A possible cDRX enhancement for CA was discussed during RAN2#107bis [1] and after discussion it was noted that:
There is support to do this, but concerns on the complexity, only a very simple and restricted solution may be possible.
The chairman also noted that RAN2 can consider whether it is possible to agree on the proposal on the table without discussing other proposals, and an email discussion was agreed:
 [107bis#49][NR TEI16] cDRX enhancement for CA (Ericsson)
	Intended outcome: Arrive at an agreeable CR
	Deadline: Next Meeting
The deadline of this email discussion is next meeting, i.e. Thursday, 2019-11-07, 23:59 Pacific Time. 
[bookmark: _Toc242573354]Discussion
This email discussion intends to arrive at agreeable CRs for 38.321 and 38.331, i.e. stage 3 details will be discussed. Furthermore the Wake-Up Signal (WUS) and this cDRX enhancement is discussed. 
In our understanding there will be another discussion during RAN2#108 whether this feature will be introduced, i.e. this email discussion only addresses the feasibility.  
[bookmark: _Toc242573360]The following topics will be discussed:
· Stage 3 details 38.321
· Stage 3 details 38.331
· WUS and cDRX enhancement
Stage 3 details 38.321
The cDRX enhancement introduces separate cDRX parameters for a secondary DRX group, i.e. for a secondary set of serving cells. The main motivation for the cDRX enhancement is to allow different cDRX parameter values to be configured in FR2 compared to FR1, i.e. shorter cDRX parameter values in FR2 can improve the power consumption in FR2. The first question is which cDRX parameters can be configured for the secondary DRX group?
Question 1: Which cDRX parameters can be configured for the secondary DRX group?
	Company
	Comments

	Ericsson
	To reduce the power consumption in FR2, it should be possible to configure a different drx-InactivityTimer and drx-onDurationTimer value for FR2 cells, i.e. these two parameters are the main factors determining the FR2 power consumption. The drx-InactivityTimer and drx-onDurationTimer could be set shorter to save power in FR2. In addition we see benefit to allow a separate drx-ShortCycle and drx-ShortCycleTimer. 

	Qualcomm
	We share the same view as Ericsson regarding drx-InactivityTimer and drx-onDurationTimer. 
Since FR1 and FR2 maintain their own drx-InactivityTimer, it is important for UE to maintain separate drx-ShortCycleTimer for FR1 and FR2, so that expiry of drx-InactivityTimer for one DRX group will only restart drx-ShortCycleTimer for the same DRX group, so that data activity in one DRX group would not prevent the other DRX group from entering long DRX cycle earlier.
We are open to discuss whether different DRX groups may have different long DRX cycles, as long as DRX cycle for one DRX group is limited to an integer multiple of the other. 

	CATT
	If such c-DRX enhancement is agreed, we should stick to the proposal in R2-1913196, i.e. allow configuring different drx-InactivityTimer and drx-onDurationTimer values for FR2 cells. Note this will also benefit to Short DRX, so there is no need to further optimize the power consumption of Short DRX for FR2 by differentiating other parameters as proposed by Ericsson.

	NEC
	The minimum set can be drx-InactivityTimer and drx-OnDurationTimer as commented by companies above. 
Given the secondary DRX group is configured for FR2, services over FR1 and FR2 may be different. In such scenario, there may also some benefit by having different drx-ShortCycleTimer. However, we have not investigate well for this, so no strong view for this. 

	OPPO
	We share the view that FR2 power consumption should be optimized, and also the proposal that different drx-ondurationTimer and drx-InactivityTimer values may need to be used for FR2 SCells for achieving the power saving purpose on FR2.
However, as also captured in the chair notes, we also see complexity on configuring a secondary DRX-config for those FR2 SCells. For example, whether we need to have a different short DRX cycle, and whether UE can have different WUS indications for these two different DRX configurations as also being discussed in Q5.
Also, it should be noted that during R16 power saving discussion, we had the agreement made in Reno meeting that single DRX configuration will be used and the solutions should not violate this conclusion:

Reno meeting agreement:
-	RAN2 will study additional DRX enhancements with the aim of solutions that do not violate principle of single DRX configuration per MAC entity

Thus, given the proposal of secondary DRX configuration is to introduce different drx-ondurationTimer and different drx-inactivityTimer value, and considering not violating the agreement we made in R16, we’re wondering if there is other alternative ways to introduce different monitoring length for FR2 SCells while not violating the principle with a single DRX-config per MAC entity? For example, in our view, is it a compromise solution that, instead of configuring a secondary DRX-config for FR2 SCells, the network may also configure a scaling factor for each of the FR2 SCells which can be applied to the drx-ondurationTimer and drx-InactivtyTimer in the DRX-config.
With this proposal, we can avoid introducing a secondary DRX-config for FR2 SCells, meanwhile we can achieve the purpose of having different drx-ondurationTimer and drx-inactivityTimer values for FR2 SCells.

	Xiaomi
	As a baseline, we can have seperate drx-InactivityTimer and drx-OnDurationTimer for FR1 and FR2. The values for FR2 can be configured shorter than that of FR2 for power saving purpose. 
However, it seems we have separate MAC CEs for FR1 and FR2, the DRX operation of DRX short cycles for FR1 and FR2 can be different, do we will still need different DRX short configurations on FR1 and FR2?

	Apple
	Since different time periods corresponding to the same scheduling opportunities are different on FR1 and FR2. For FR2 power optimization in FR1+FR2 CA configuration, we can have different drx-InactivityTimer and drx-onDurationTimer values for FR1 and FR2 cells.
In addition, due to the different data activities on FR1 and FR2, different DRX groups can also have different long DRX cycles, and one DRX cycle for one DRX group is limited to an integer multiple of the other. There is no additional UE power consumption with this limitation.

	Intel
	In addition to the 4 parameters discussed by Ericsson, we think it is beneficial to have separate configuration for drx-LongCycleStartOffset. The reason is that configuring a larger DRX cycle for FR2 cells can obviously reduce the FR2 power consumption. To align the onDurationTimer across FR1 and FR2 cells as much as possible, restrictions can be introduced, e.g. the Long DRX cycle length of one DRX group should be multiple of that of the other and the offset should be aligned as well.

	LG
	The underline assumption of the proposal seems to be that different DRX group uses different RF modules, and there would be no cross impact between them (i.e. it is possible that one DRX group is Active Time while the other DRX group is non-Active Time). With this assumption, we think there is no reason to limit the different DRX configuration to drx-InactivityTimer and drx-onDurationTimer. Full separate DRX configuration should be baseline though some timers may be configured with same value.
However, if the assumption is “single DRX operation per MAC entity”, the MAC entity is in Active Time if one of DRX group is in Active Time. Then, it makes sense that only some timers are configured with different values. We think drx-InactivityTimer may be worth to be configured with different values in order to provide different length for scheduling opportunity. However, drx-onDurationTimer does not need to be configured with different values if the DRX cycle and offset are same for both DRX group. This is because the MAC entity is anyway awake when one of the drx-onDurationTimer is running.


	DOCOMO
	We agree that it is beneficial to have separate cDRX parameters between FR1 and FR2 since the numerologies, UL-DL patterns, UE processing timeline, scheduling granularity are different between FR1 and FR2. Regarding to the detailed parameters, at least the Timer related to scheduling/transmission can be different considering the different UE processing timeline, scheduling granularity between FR1 and FR2 as listed below:
drx-onDurationTimer, drx-InactivityTimer, drx-HARQ-RTT-TimerDL, drx-HARQ-RTT-TimerUL, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL
We are open for other parameters like ShortCycle and drx-ShortCycleTimer to be different between FR1 and FR2.

	Huawei
	We understand the motivation of this discussion. In the above discussion, some companies proposed to have different DRX cycles while we are a bit worried whether this would lead to more impact. If DRX cycle becomes different, there would be potential impact on measurements reporting and other information reporting via PUCCH if configured on the PCell. These impacts have not yet been analysed. This would have potential impact on RAN4 as well, as RAN4 needs to define additional requirement on interruptions during DRX.[image: cid:image001.png@01D58F4F.57402E70]
We are not confident that RAN2 can purely decide this and the better way is to first check with RAN4 on whether it is feasible to change this requirement and then decide how to proceed forward in RAN2.

	MediaTek
	While there is no big difference to support a complete second DRX configuration or a subset of DRX configuration, we see specification complexity and R4 requirement impact with a second DRX cycle. Therefore we would like to limit the scope to drx-InactivityTimer and drx-onDurationTimer parameters only. 

	ZTE
	The power saving on SCell has also been discussed in power saving WI, and the following solution has already been supported in Rel-16. 
· SCell dormancy based solution: The SCell can be switched to a power saving state (dormancy state), in which state no PDCCH will be monitored at all.
· Power saving BWP based solution, One power saving BWP can be configured to UE for each serving cell, and the SCell can be switched to power saving BWP by either the expiration of bwp-InactivityTimer (which is quite similar as the DRX-inactivity timer) or by DCI. With the power saving BWP, the NW can configure a sparse PDCCH occasion, which is quite similar as the DRX cycle, and NW can also configure a narrow bandwidth. Compared to the DRX, the power saving BWP can provide power saving in both time domain and frequency domain, which is more efficiency.

If CDRX enhancement is supported, then separate configuration for the following parameters can be considered:
· drx-onDurationTimer
· drx-ShortCycle
· drx-ShortCycleTimer
· drx-InactivityTimer

In addition, we share the similar concern with HW. Besides RAN4, we think the CDRX enhancement will impact RAN1 and RAN3 as well. At least, the following RAN1/RAN3 description need to be updated accordingly.

[RAN3]:
---------------------- Potential impact on 38.473 start ---------------------------------------
[bookmark: _Toc5646145]8.3	UE Context Management procedures
/*omitted*/
If the DRX Cycle IE is contained in the UE CONTEXT SETUP REQUEST message, the gNB-DU shall use the provided value from the gNB-CU.
/*omitted*/
[bookmark: _Toc5646159]8.3.4	UE Context Modification (gNB-CU initiated)
/*omitted*/
If the DRX Cycle IE is contained in the UE CONTEXT MODIFICATION REQUEST message, the gNB-DU shall use the provided value from the gNB-CU. If the DRX configuration indicator IE is contained in the UE CONTEXT MODIFICATION REQUEST message and set to "release", the gNB-DU shall release DRX configuration.
---------------------- Potential impact on 38.473 start ---------------------------------------
[RAN 1]:
[bookmark: OLE_LINK2]---------------------------Potential impact on  38.214 start ---------------------------------
[bookmark: _Toc11352098]5.1.6.1	CSI-RS reception procedure
/*omitted*/
If the UE is configured with DRX, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported.
[bookmark: _Toc11352101]5.1.6.1.3	CSI-RS for mobility
/*omitted*/
If the UE is configured with DRX, the UE is not required to perform measurement of CSI-RS resources other than during the active time for measurements based on CSI-RS-Resource-Mobility. 
If the UE is configured with DRX and DRX cycle in use is larger than 80 ms, the UE may not expect CSI-RS resources are available other than during the active time for measurements based on CSI-RS-Resource-Mobility. Otherwise, the UE may assume CSI-RS are available for measurements based on CSI-RS-Resource-Mobility.
---------------------------Potential impact on  38.214 start ---------------------------------


	Samsung
	Same opinion with Ericsson



A draft TP for 38.321, assuming that there is a different drx-InactivityTimer, drx-onDurationTimer, drx-ShortCycle and drx-ShortCycleTimer for the second DRX group, is provided below (identical to the TP provided in [1]):
[bookmark: _Toc20428304]5.7	Discontinuous Reception (DRX)
The MAC entity may be configured by RRC with a DRX functionality that controls the UE's PDCCH monitoring activity for the MAC entity's C-RNTI, CS-RNTI, INT-RNTI, SFI-RNTI, SP-CSI-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, and TPC-SRS-RNTI. When using DRX operation, the MAC entity shall also monitor PDCCH according to requirements found in other clauses of this specification. When in RRC_CONNECTED, if DRX is configured, for all the activated Serving Cells, the MAC entity may monitor the PDCCH discontinuously using the DRX operation specified in this clause; otherwise the MAC entity shall monitor the PDCCH as specified in TS 38.213 [6].
Activated Serving Cells can be configured by RRC in two groups. Each group of serving cells, which is called a DRX group, can be configured by RRC with its own set of parameters that controls its DRX operation by configuring the following parameters:
-	drx-onDurationTimer: the duration at the beginning of a DRX Cycle;
-	drx-SlotOffset: the delay before starting the drx-onDurationTimer;
-	drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates a new UL or DL transmission for the MAC entity;
-	drx-RetransmissionTimerDL (per DL HARQ process except for the broadcast process): the maximum duration until a DL retransmission is received;
-	drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;
-	drx-LongCycleStartOffset: the Long DRX cycle and drx-StartOffset which defines the subframe where the Long and Short DRX Cycle starts;
-	drx-ShortCycle (optional): the Short DRX cycle;
-	drx-ShortCycleTimer (optional): the duration the UE shall follow the Short DRX cycle;
-	drx-HARQ-RTT-TimerDL (per DL HARQ process except for the broadcast process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;
-	drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity.
Two DRX groups share the following parameters:
-	drx-SlotOffset: the delay before starting the drx-onDurationTimer;
-	drx-RetransmissionTimerDL (per DL HARQ process except for the broadcast process): the maximum duration until a DL retransmission is received;
-	drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;
-	drx-LongCycleStartOffset: the Long DRX cycle and drx-StartOffset which defines the subframe where the Long and Short DRX Cycle starts;
-	drx-HARQ-RTT-TimerDL (per DL HARQ process except for the broadcast process): the minimum duration before a DL assignment for HARQ retransmission is expected by the MAC entity;
-	drx-HARQ-RTT-TimerUL (per UL HARQ process): the minimum duration before a UL HARQ retransmission grant is expected by the MAC entity.
When a DRX cycle is configured, the Active Time for serving cells in a DRX group includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer configured for the DRX group is running; or
-	 drx-RetransmissionTimerDL or drx-RetransmissionTimerUL is running on any serving cell in the DRX group; or 
-	ra-ContentionResolutionTimer (as described in clause 5.1.5) is running; or
-	a Scheduling Request is sent on PUCCH and is pending (as described in clause 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 clause 5.1.4).
For each DRX groupWhen DRX is configured, the MAC entity shall:
1>	if a MAC PDU is received in a configured downlink assignment:
2>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
2>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
1>	if a MAC PDU is transmitted in a configured uplink grant:
2>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first repetition of the corresponding PUSCH transmission;
2>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
1>	if a drx-HARQ-RTT-TimerDL expires:
2>	if the data of the corresponding HARQ process was not successfully decoded:
3>	start the drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL.
1>	if a drx-HARQ-RTT-TimerUL expires:
2>	start the drx-RetransmissionTimerUL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerUL.
1>	if a DRX Command MAC CE or a Long DRX Command MAC CE is received:
2>	stop drx-onDurationTimer;
2>	stop drx-InactivityTimer.
1>	if drx-InactivityTimer expires or a DRX Command MAC CE is received:
2>	if the Short DRX cycle is configured:
3>	start or restart drx-ShortCycleTimer in the first symbol after the expiry of drx-InactivityTimer or in the first symbol after the end of DRX Command MAC CE reception;
3>	use the Short DRX Cycle.
2>	else:
3>	use the Long DRX cycle.
1>	if drx-ShortCycleTimer expires:
2>	use the Long DRX cycle.
1>	if a Long DRX Command MAC CE is received:
2>	stop drx-ShortCycleTimer;
2>	use the Long DRX cycle.
1>	if the Short DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle); or
1>	if the Long DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:
2>	start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.
1>	if the MAC entity is in Active Time:
2>	monitor the PDCCH as specified in TS 38.213 [6];
2>	if the PDCCH indicates a DL transmission:
3>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
2>	if the PDCCH indicates a UL transmission:
3>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first repetition of the corresponding PUSCH transmission;
3>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
2>	if the PDCCH indicates a new transmission (DL or UL):
3>	start or restart drx-InactivityTimer in the first symbol after the end of the PDCCH reception.
1>	in current symbol n, if the MAC entity would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this clause:
2>	not transmit periodic SRS and semi-persistent SRS defined in TS 38.214 [7];
2>	not report CSI on PUCCH and semi-persistent CSI on PUSCH.
1>	if CSI masking (csi-Mask) is setup by upper layers:
2>	in current symbol n, if drx-onDurationTimer would not be running considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this clause:
3>	not report CSI on PUCCH.
Regardless of whether the MAC entity is monitoring PDCCH on the serving cell or not, the MAC entity transmits HARQ feedback, aperiodic CSI on PUSCH, and aperiodic SRS defined in TS 38.214 [7] when such is expected.
The MAC entity needs not to monitor the PDCCH if it is not a complete PDCCH occasion (e.g. the Active Time starts or ends in the middle of a PDCCH occasion).
Question 2: Companies are invited to provide feedback on draft TP for 38.321.
	Company
	Comments

	Ericsson
	- 

	CATT
	In our understanding, the basic intention of the proposal is to allow a MAC entity to monitor PDCCH for a smaller period of time in FR2 compared to FR1. Hence it should certainly be clarified that the action of monitoring PDCCH is for the related DRX group only:
[bookmark: _Hlk24298972]1>	if the DRX group is in Active Time:
2>	monitor the PDCCH in this DRX group as specified in TS 38.213 [6];	Comment by Ericsson (Martin): Yes, that is the intention. The proposed clarification “in this DRX group” is included in [2]. 

Then, all texts controlling start/stop of timers associated with a HARQ process (drx-HARQ-RTT-TimerDL, drx-HARQ-RTT-TimerUL, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL) do not need to be in a “For each DRX group” loop since they are already managed independently in each cell.
Now, for other actions except above monitoring PDCCH it is unclear to us if they are considered in the related DRX group only or in both DRX groups. For example for the drx-InactivityTimer :
1>	if the MAC entityDRX group is in Active Time:
2>	monitor the PDCCH as specified in TS 38.213 [6];
[…]
2>	if the PDCCH indicates a new transmission (DL or UL):
3>	start or restart drx-InactivityTimer in the first symbol after the end of the PDCCH reception.
Does it mean:
2>	if the PDCCH indicates a new transmission (DL or UL):	Comment by Ericsson (Martin): In our understanding a second Inactivity timer to save power naturally implies that traffic in a group triggers the inactivity timer of that group. We clarified in [2] “start or restart drx-InactivityTimer in this DRX group”.
3>	start or restart drx-InactivityTimer in both DRX groups in the first symbol after the end of the PDCCH reception.
or:
2>	if the PDCCH indicates a new transmission (DL or UL):
3>	start or restart drx-InactivityTimer in this DRX group in the first symbol after the end of the PDCCH reception.
?
In a conservative approach, DRX operation/control by traffic activity would be considered irrespective of the DRX group where the traffic occurs. In a more advanced approach, DRX operation and control could be fully independent in both DRX groups, based on the traffic activity in each DRX group. In our view any new traffic in any cell could presume further data activity in other cells so we would support the above former interpretation.
Similarly, the same question (common or group-specific) could be raised for other actions e.g. CSI/SRS report and timer-based switching to Short and Long DRX.	Comment by Ericsson (Martin): There is no requirement for the UE to report CSI/SRS outside Active Time. But the UE can be requested to report CSI of a cell in the other DRX group. In case the UE is requested to report CSI on FR1 and FR2 is not in Active Time, the UE reports the “most recent” FR2 measurements, as specified in 38.214 “If the UE is configured with DRX, the most recent CSI measurement occasion occurs in DRX active time for CSI to be reported”.
Also, the TP seems to capture that DRX Command MAC CE and Long DRX Command MAC CE control DRX independently in each DRX group. Given RAN1 agreed to support L1 based mechanism for transitioning from ’dormancy-like’ to ’non-dormancy like’ behaviour on activated SCells, we are not sure that this flexibility is needed for the DRX MAC CE.	Comment by Ericsson (Martin): The TP says “For each DRX goup …:”, i.e. the DRX commands puts both DRX groups to sleep. We also do not see a use case why the command should operate per DRX group.
Other editorial: the new text now refers to DRX group instead of MAC entity. But it should be clarified that the configuration of two groups is optional and in case not configured the term DRX group in the text refers to the MAC entity, as in legacy.	Comment by Ericsson (Martin): The proposed text says “can be configured”. This can perhaps be further clarified, but in our view the TP indicates that it is dependent on configuration. 

	NEC
	We understand the intention of the TP is:
- MAC entity controls DRX behaviour (e.g. Active Time) per DRX group,
- DRX behaviour in one DRX group does not impact on DRX behaviour in the other DRX group,
- to achieve better UE power saving, some of configurations/parameters (e.g. drx-SlotOffset, drx-LongCycleStartOffset) are to be common for both DRX groups.

The first and second points above are based on the top level description:
For each DRX groupWhen DRX is configured, the MAC entity shall:
1>	if …
If these are consensus among companies, the modifications suggested by CATT above seem not necessary.
However, RAN2 has not agreed anything yet, other than having further discussion to introduce DRX group concept with very simple solution. We think these aspects should be discussed and confirmed first.

	Xiaomi
	We basically agree that the OnDurations in both DRX groups should be aligned for the simplicity, so drx-SlotOffset, drx-LongCycleStartOffset) are to be common for both DRX groups. And as a baseline, we can have seperate drx-InactivityTimer and drx-OnDurationTimer for each group. For other parameters, we still have some doubts. So we think we need to discuss Q1 first before going to these details of Stage 3.

	Apple
	We have two comments on the provided TP:

1.  DRX group specific parameters should be updated.
In current TP the parameters include drx-InactivityTimer and drx-onDurationTimer, drx-ShortCycle and drx-ShortCycleTimer. 
This part should be updated according to the outcome of Question 1. 

2. CSI reporting on PUCCH and PUSCH per DRX group	Comment by Ericsson (Martin): It was not perfectly clear if the comment is to not allow CSI reporting across DRX groups, or to configure CSI reporting to only include cells from the same DRX group, which then would imply separate reports for FR1 and FR2 cells?
CSI reporting can include the information of multiple serving cells of one CG. In DRX group specific operation, it is better to clarify that the CSI reporting only includes the information of serving cells belonging to the same DRX group.


	Intel
	We are OK with the draft in general. Which parameters are group specific or shared depend on the outcome of Question 1.

	LG
	As commented in Q1, we are wondering what is the assumption of the proposal:
- Option1. Separate DRX operation in one MAC entity
- Option2. Single DRX operation in one MAC entity

If the assumption is Option 1, full separate configuration is needed, and the DRX operation should be specified per DRX group.
If the assumption is Option2, drx-InactivityTimer could be configured separately. However, separate configuration of the drx-onDurationTimer is meaningful only if the DRX cycle and offset are different. If the DRX cycle and offset are same, there is no reason to configure different drx-onDurationTimer values, because all DRX groups in one MAC entity is Active Time when one of drx-onDurationTimer is running.

In both options, we have to consider how the DRX Command MAC CE works. Currently, it does not differentiate different DRX groups. If we want to reuse legacy DRX Command MAC CE, following should be considered:
- Option1. DRX Command MAC CE should be applied to the DRX group from which the DRX Command MAC CE is received.
- Option2. DRX cycle and offset should not be configured separately. Only the drx-InactivityTimer could be configured separately.


	DOCOMO
	We prefer drx-HARQ-RTT-Timer and drx-RetransmissionTimer can be also separately configured between FR1 and FR2. 

	Huawei
	As explained in Q1, we are not sure whether the impact is that small enough. In CA case it is normal there are quite a few information is reported via PCell and if now the on duration time is different than SCell, how to deal with the case if the on duration time of SCell is not well aligned with the PCell case. These scenarios require more analysis and also depend on RAN4 impacts.

	MediaTek
	We understand that the intention is to have a separate DRX configuration for an additional DRX group. Even some parameters are shared, the operation of 2nd DRX group should run independently. In current text proposal, there is still some overlapped description, as pointed out by CATT, it should be enhanced to make it clear. In addition, we also agree with LG that MAC CE operation needs to be clarified. 
Going through the text proposal, there are a few aspects that need clarification so that UE behavior is clearly defined:
1. Is cross-carrier scheduling across DRX groups allowed, i.e. can cell A in DRX group1 schedule cell B in DRX group2? If so, is the inactivity timer triggered for group1 or group2 or both?	Comment by Ericsson (Martin): Only in case it can be supported without RAN1 impact.

2. Given that PUCCH is only typically configured for the PCell, can CSI measurements from an SCell in a DRX group that is not active be reported on the PCell which is on a DRX group that is active? Conversely, does the UE report CSI if the SCell is in a DRX group that is active while the PCell is in a DRX group that is not active?	Comment by Ericsson (Martin): Yes, in our understanding, according to REL-15 behavior, the UE would report the latest CSI measurements from the FR2 cell, when FR2 is not in active time.

	ZTE
	Please find our inline comments as follow:

When a DRX cycle is configured, the Active Time for serving cells in a DRX group includes the time while:
-	drx-onDurationTimer or drx-InactivityTimer configured for the DRX group is running; or
-	drx-RetransmissionTimerDL or drx-RetransmissionTimerUL is running on any serving cell in the DRX group; or 
-	ra-ContentionResolutionTimer (as described in clause 5.1.5) is running; or	Comment by ZTE: Whether this sentence should only be applied to the DRX group with SpCell?	Comment by Ericsson (Martin): The contention resolution timer is shared between the groups, i.e. common. 
-	a Scheduling Request is sent on PUCCH and is pending (as described in clause 5.4.4); or	Comment by ZTE: Whether LCH restriction shall be taken into account? For example, if the LCH linked to the SR can not be carried in one DRX group, then the DRX group shall not be impacted.	Comment by Ericsson (Martin): This might be relevant for URLLC uses case, but then cDRX is typically not configured.
-	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 clause 5.1.4).	Comment by ZTE: Whether this sentence should only be applied to the DRX group with SpCell only?	Comment by Ericsson (Martin): Same view as with contention resolution timer.
For each DRX group, the MAC entity shall:
1>	if a MAC PDU is received in a configured downlink assignment:	Comment by ZTE: The expected behaviour is not clear if the PDCCH and PDSCH/PUSCH are located in different DRX group (i.e. cross-carrier scheduling). 	Comment by Ericsson (Martin): RAN2 should perhaps first discuss if cross-carrier scheduling and secondary DRX group should be supported together.  
2>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
2>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
1>	if a MAC PDU is transmitted in a configured uplink grant:
2>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first repetition of the corresponding PUSCH transmission;
2>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
1>	if a drx-HARQ-RTT-TimerDL expires:
2>	if the data of the corresponding HARQ process was not successfully decoded:
3>	start the drx-RetransmissionTimerDL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerDL.
1>	if a drx-HARQ-RTT-TimerUL expires:
2>	start the drx-RetransmissionTimerUL for the corresponding HARQ process in the first symbol after the expiry of drx-HARQ-RTT-TimerUL.
1>	if a DRX Command MAC CE or a Long DRX Command MAC CE is received:	Comment by ZTE: It is not clear whether two DRX group can be controlled by separate DRX MAC CE independently (e.g. the DRX MAC CE will be used to control the DRX group in which the DRX MAC CE is received) , or the DRX MAC CE is common for the two DRX groups.	Comment by Ericsson (Martin): DRX commands are common for both groups.
2>	stop drx-onDurationTimer;
2>	stop drx-InactivityTimer.
1>	if drx-InactivityTimer expires or a DRX Command MAC CE is received:
2>	if the Short DRX cycle is configured:
3>	start or restart drx-ShortCycleTimer in the first symbol after the expiry of drx-InactivityTimer or in the first symbol after the end of DRX Command MAC CE reception;
3>	use the Short DRX Cycle.
2>	else:
3>	use the Long DRX cycle.
1>	if drx-ShortCycleTimer expires:
2>	use the Long DRX cycle.
1>	if a Long DRX Command MAC CE is received:
2>	stop drx-ShortCycleTimer;
2>	use the Long DRX cycle.
1>	if the Short DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-ShortCycle) = (drx-StartOffset) modulo (drx-ShortCycle); or
1>	if the Long DRX Cycle is used, and [(SFN × 10) + subframe number] modulo (drx-LongCycle) = drx-StartOffset:
2>	start drx-onDurationTimer after drx-SlotOffset from the beginning of the subframe.
1>	if the DRX group is in Active Time:
[bookmark: _GoBack]2>	monitor the PDCCH as specified in TS 38.213 [6];	Comment by ZTE: The expected behaviour is not clear if the PDCCH and PDSCH/PUSCH are located in different DRX group (i.e. cross-carrier scheduling).
2>	if the PDCCH indicates a DL transmission:
3>	start the drx-HARQ-RTT-TimerDL for the corresponding HARQ process in the first symbol after the end of the corresponding transmission carrying the DL HARQ feedback;
3>	stop the drx-RetransmissionTimerDL for the corresponding HARQ process.
2>	if the PDCCH indicates a UL transmission:
3>	start the drx-HARQ-RTT-TimerUL for the corresponding HARQ process in the first symbol after the end of the first repetition of the corresponding PUSCH transmission;
3>	stop the drx-RetransmissionTimerUL for the corresponding HARQ process.
2>	if the PDCCH indicates a new transmission (DL or UL):
3>	start or restart drx-InactivityTimer in the first symbol after the end of the PDCCH reception.
1>	in current symbol n, if the DRX group would not be in Active Time considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received and Scheduling Request sent until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this clause:	Comment by ZTE: Whether the description below about CSI reporting is applicable to the case that PUCCH/PUSCH is located in the other DRX group? Some input from RAN1 seems needed.
For the SRS operation, whether the SRS configured in one serving cell can be used for other serving cells of the other DRX group?
Whether csi-Mask can be configured per DRX group? 	Comment by Ericsson (Martin): CSI can be reported across DRX groups.
We do not see an impact on SRS reporting, which remains per serving cell.

2>	not transmit periodic SRS and semi-persistent SRS defined in TS 38.214 [7];
2>	not report CSI on PUCCH and semi-persistent CSI on PUSCH.
1>	if CSI masking (csi-Mask) is setup by upper layers:
2>	in current symbol n, if drx-onDurationTimer would not be running considering grants/assignments/DRX Command MAC CE/Long DRX Command MAC CE received until 4 ms prior to symbol n when evaluating all DRX Active Time conditions as specified in this clause:
3>	not report CSI on PUCCH.
Regardless of whether the MAC entity is monitoring PDCCH on the serving cell or not, the MAC entity transmits HARQ feedback, aperiodic CSI on PUSCH, and aperiodic SRS defined in TS 38.214 [7] when such is expected.
The MAC entity needs not to monitor the PDCCH if it is not a complete PDCCH occasion (e.g. the Active Time starts or ends in the middle of a PDCCH occasion).




Stage 3 details 38.331
The cDRX enhancement has been defined mainly with FR1 and FR2 in mind, i.e. shorter cDRX parameters for FR2 compared to FR1 to reduce the power consumption in FR2. In the draft TP submitted to RAN2#107bis [1] it is stated that all serving cells in the same band shall be configured with the same DRX configuration, i.e. serving cells in the same band cannot belong to a different DRX group. 
Question 3: What NW configuration restrictions shall apply for the secondary DRX group?
	Company
	Comments

	Ericsson
	The cDRX enhancement has been introduced with FR1 and FR2 in mind, however in our view the cDRX enhancement should not strictly be coupled to FR1 and FR2 (e.g. serving cells of the secondary DRX group belong to FR2, and serving cells of the other DRX group belong to FR1). There may be new frequency ranges in the future or other use cases and coupling to a frequency range seems too restrictive to us.

	Qualcomm
	The main motivation for having multiple DRX groups is to allow different power states for different groups of carriers supported on separate transceivers, especially when they have very different power or traffic characteristics. Therefore, in theory, network should map carriers to different DRX groups based on those factors (e.g. see R2-1901766). 
In practice, among the likely CA deployments, configuration with mixed FR1 and FR2 carriers has the most dramatic difference in their power consumption levels and is (most likely) supported on different transceivers. Hence frequency range is a good and yet simple guideline for network to determine how to map different carriers to different DRX groups, to achieve maximum UE power savings.
Usefulness of other factors (e.g. bands) may vary considerably depend on UE implementations. For example, some UE may implement inter-band CA with a single transceiver, while others may not. In the former case, network may not help UE save significant power by assigning different carriers to different DRX groups. Therefore, unless UE can provide some assistance to network on how carriers should be grouped for DRX configurations, we do not see strong benefits to use factors other than frequency range in the configuration of DRX groups.


	CATT
	The initial baseline intention was to address FR2 differently than FR1, so the stage 3 model may not capture it explicitly if it allows simpler TP, but it should at least be captured in stage 2 spec. BTW, in general we start with stage-2 TPs before getting to stage 3. It could be worth looking at stage 2 TP as well…

	NEC
	The difference between FR1 and FR2 would be main motivation to have this DRX enhancements, whereas there may not be need to restrict on the use cases from functional point of view, unless any issues to be solved are found for other cases (e.g. FR1 and FR1). Considering the explanations from UE implementation point of view by QC, we are fine with the restriction of having the second DRX group in FR2 only.
We tend to agree with CATT on the aspects of Stage 2 TP.

	Apple
	According to the motivation and UE RF architecture, we should have the restriction that different DRX groups cannot be configured in the same band and same FR.   

	Intel
	We’re OK to have the restriction that cells in one frequency band should have same DRX configuration.

	LG
	We agree with Ericsson that there may be new frequency ranges in the future or other use cases, and coupling to a frequency range seems too restrictive.

	DOCOMO
	Share views with Ericsson that depending on the use case and deployment scenarios, the cDRX enhancement is not necessary to be strictly coupled to FR1 and FR2. 

	Huawei
	As explained above, the impact is beyond what has analysed here and we think RAN2 is better not to decide by our own on the potential impact. If this is extending to the case which is not tight to frequency range, the situation could become even more complicated and RAN4 would have to make further potential changes on the DRX operation. Are there any specific scenarios that such restriction is not needed?

	MediaTek
	Agree with QC, DRX configuration per FR is the only useful scenario. At the same time, we do not see a strong need to specify any restriction, we think it is sufficient to rely on network to provide sensible configuration. 

	ZTE
	Since the main intention is to configure different DRX group for the serving cells using different RF chain, some assistant information shall be reported from UE to NW to indicate which cells can be configured in one DRX group, or to indicate which serving cells are sharing the same RF chain.

	Samsung
	We can agree Ericsson’s view.
If further simplicity is required (for the minimization of signalling overhead), it’s also fine even with FR2-specific cDRX enhancement.



A draft TP for 38.331 is provided below, identical to the TP provided in [1]:
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SCellConfig ::=                     SEQUENCE {
    sCellIndex                          SCellIndex,
    sCellConfigCommon                   ServingCellConfigCommon                                     OPTIONAL,   -- Cond SCellAdd
    sCellConfigDedicated                ServingCellConfig                                           OPTIONAL,   -- Cond SCellAddMod
    ...,
    [[
    smtc                                SSB-MTC                                                     OPTIONAL    -- Need S
    ]],
    [[
    secondaryDRX-Config                 ENUMERATED {true}                                           OPTIONAL    -- Cond DRX-Config2
    ]]
}

-- TAG-CELLGROUPCONFIG-STOP
-- ASN1STOP

	CellGroupConfig field descriptions

	secondaryDRX-Config
The field is used to indicate whether the DRX related parameters in DRX-ConfigSecondaryGroup apply to the SCell. All serving cells in the same band shall be configured with the same DRX configuration, i.e. either all serving cells or none of the serving cells in the same band are configured with secondaryDRX-Config.



	Conditional Presence
	Explanation

	BWP-Reconfig
	The field is optionally present, Need N, if the BWPs are reconfigured or if serving cells are added or removed. Otherwise it is absent. 

	DRX-Config2
	The field is optionally present, Need N, if drx-Config is configured. It is absent otherwise.



–	DRX-ConfigSecondaryGroup
The IE DRX-ConfigSecondaryGroup is used to configure DRX related parameters for the second DRX group.
DRX-ConfigSecondaryGroup information element
-- ASN1START
-- TAG-DRX-CONFIG2-START

DRX-ConfigSecondaryGroup ::=       SEQUENCE {
    drx-onDurationTimer                CHOICE {
                                            subMilliSeconds INTEGER (1..31),
                                            milliSeconds    ENUMERATED {
                                                ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60,
                                                ms80, ms100, ms200, ms300, ms400, ms500, ms600, ms800, ms1000, ms1200,
                                                ms1600, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 }
                                            },
    drx-InactivityTimer                ENUMERATED {
                                            ms0, ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60, ms80,
                                            ms100, ms200, ms300, ms500, ms750, ms1280, ms1920, ms2560, spare9, spare8,
                                            spare7, spare6, spare5, spare4, spare3, spare2, spare1}
    shortDRX                            SEQUENCE {
        drx-ShortCycle                      ENUMERATED  {
                                                ms2, ms3, ms4, ms5, ms6, ms7, ms8, ms10, ms14, ms16, ms20, ms30, ms32,
                                                ms35, ms40, ms64, ms80, ms128, ms160, ms256, ms320, ms512, ms640, spare9,
                                                spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 },
        drx-ShortCycleTimer                 INTEGER (1..16)
    }                                                                                                           OPTIONAL   -- Need R
}

-- TAG-DRX-CONFIG2-STOP
-- ASN1STOP

	[bookmark: _Hlk24100719]DRX-ConfigSecondaryGroup field descriptions

	drx-InactivityTimer
Value in multiple integers of 1 ms. ms0 corresponds to 0, ms1 corresponds to 1 ms, ms2 corresponds to 2 ms, and so on, as specified in TS 38.321 [3].

	drx-onDurationTimer
Value in multiples of 1/32 ms (subMilliSeconds) or in ms (milliSecond). For the latter, value ms1 corresponds to 1 ms, value ms2 corresponds to 2 ms, and so on, as specified in TS 38.321 [3].

	drx-ShortCycleTimer
Value in multiples of drx-ShortCycle. A value of 1 corresponds to drx-ShortCycle, a value of 2 corresponds to 2 * drx-ShortCycle and so on.

	drx-ShortCycle
Value in ms. ms1 corresponds to 1 ms, ms2 corresponds to 2 ms, and so on.



MAC-CellGroupConfig ::=             SEQUENCE {
    drx-Config                          SetupRelease { DRX-Config }                                     OPTIONAL,   -- Need M
    schedulingRequestConfig             SchedulingRequestConfig                                         OPTIONAL,   -- Need M
    bsr-Config                          BSR-Config                                                      OPTIONAL,   -- Need M
    tag-Config                          TAG-Config                                                      OPTIONAL,   -- Need M
    phr-Config                          SetupRelease { PHR-Config }                                     OPTIONAL,   -- Need M
    skipUplinkTxDynamic                 BOOLEAN,
    ...,
    [[
    csi-Mask                                BOOLEAN                                                     OPTIONAL,   -- Need M
    dataInactivityTimer                     SetupRelease { DataInactivityTimer }                        OPTIONAL    -- Cond MCG-Only
    ]],
    [[
    drx-ConfigSecondaryGroup                SetupRelease { DRX-ConfigSecondaryGroup }                    OPTIONAL   -- Need M
    ]]
}

DataInactivityTimer ::=         ENUMERATED {s1, s2, s3, s5, s7, s10, s15, s20, s40, s50, s60, s80, s100, s120, s150, s180}

-- TAG-MAC-CELLGROUPCONFIG-STOP
-- ASN1STOP

	MAC-CellGroupConfig field descriptions

	drx-ConfigSecondaryGroup
Used to configure DRX related parameters for the second DRX group as specified in TS 38.321 [3].





Question 4: Companies are invited to provide feedback on draft TP for 38.331.
	Company
	Comments

	Ericsson
	- 

	Qualcomm
	In the field description of secondaryDRX-Config, we prefer to use frequency range as the rule, i.e. “all serving cell in the same band frequency range shall be configured with the same DRX configuration”.

	CATT
	1. Based on the draft TP for 38.321, UE needs to be aware which cells belong to the DRX group for PDCCH monitoring. In addition, the corresponding field is optionally present when drx-ConfigSecondaryGroup, not drx-Config, is configured. Hence, we propose the following modifications:
SCellConfig ::=                     SEQUENCE {
    sCellIndex                          SCellIndex,
    sCellConfigCommon                   ServingCellConfigCommon                                     OPTIONAL,   -- Cond SCellAdd
    sCellConfigDedicated                ServingCellConfig                                           OPTIONAL,   -- Cond SCellAddMod
    ...,
    [[
    smtc                                SSB-MTC                                                     OPTIONAL    -- Need S
    ]],
    [[
    secondaryDRXGroup-Config                 ENUMERATED {true}                                           OPTIONAL    -- Cond DRX-Config2
    ]]}

-- TAG-CELLGROUPCONFIG-STOP
-- ASN1STOP

	CellGroupConfig field descriptions

	secondaryDRXGroup-Config
The field is used to indicate whether the DRX related parameters in DRX-ConfigSecondaryGroup apply to whether the SCell belongs to the secondary DRX group. All serving cells in the same band shall be configured with the same DRX configurationgroup, i.e. either all serving cells or none of the serving cells in the same band are configured with secondaryDRX-Config belong to the secondary DRX group.



	Conditional Presence
	Explanation

	BWP-Reconfig
	The field is optionally present, Need N, if the BWPs are reconfigured or if serving cells are added or removed. Otherwise it is absent. 

	DRX-Config2
	The field is optionally present, Need N, if drx-Config drx-ConfigSecondaryGroup is configured. It is absent otherwise.



2. Based on the principles for ASN.1 extensions, ‘-r16’ needs to be tagged to secondaryDRXGroup-Config and drx-ConfigSecondaryGroup if they are extended in R16.

	NEC
	We guess whether DRX-ConfigSecondaryGroup field descriptions is necessary or not depends on the contents within the IE. If everything can be reused from the legacy DRX-Config, then there is no need to additionally introduce the same one for secondary. For now, we are OK to keep it for better understanding.

	Xiaomi
	The shortDRX configuration for the Second group is optional. What does it mean by optional? Does the absence meaning it share the same configuration of the DRX group that the Pcell belongs to or the DRX short cycle is not used at all?

	Apple
	1. The parameters of DRX-ConfigSecondaryGroup should be updated according to the outcome of Question#1, e.g. including long DRX configuration.
2. In SCellConfig, if the SCell is configured to be cross-carrier scheduled by PCell or PSCell, the SCell should not be configured with separate DRX configuration, i.e. secondaryDRX-Config shall not be set to TRUE.

	Intel
	We are OK with the draft in general. Which parameters are group specific or shared depend on the outcome of Question 1.

	LG
	If the assumption is Option1 (see Q1), full separate DRX configuration could be used. Then, we can reuse existing DRX-config.

	DOCOMO
	As commented that drx-HARQ-RTT-TimerDL, drx-HARQ-RTT-TimerUL, drx-RetransmissionTimerDL, drx-RetransmissionTimerUL can be also separately configured for each DRX group. 

	MediaTek
	We are OK with the draft structure.

	ZTE
	The detail of stage 3 CR depends on the output of Q1.
Whether there is any impact on the inter-node message for DRX coordination?
Whether there is any impact on the UE assistant information for DRX (e.g. whether UE is allowed to report separate DRX assistant information for the two DRX group separately)?



WUS and cDRX enhancement
For the NR UE power saving work item it has been agreed to introduce a Wake-Up Signal (WUS) to reduce the PDCCH monitoring in connected mode. More specifically the WUS prior to the OnDuration indicates if the UE shall monitor PDCCH during the next OnDuration (or not). The WUS is configured on the Primary Cell (Pcell) with CA. 
With the introduction of a secondary DRX group it is possible that serving cells of one DRX group are in Active Time, while serving cells of the other DRX group are not. However the OnDuration for all serving cells start at the same time. Thus WUS on PCell in FR1 could wake up serving cells in both FR1 and FR2. 
Question 5: What is the impact to support WUS and the cDRX enhancement?
	Company
	Comments

	Ericsson
	For simplicity it can be discussed to not allow/support simultaneous WUS and cDRX enhancement configuration, i.e. we do not see a strong need to support this option in REL-16. However in our view WUS and the cDRX enhancement can be supported without much impact, because the OnDurations in both DRX groups start at the same time. 

	Qualcomm
	We believe WUS can work well with the proposed DRX enhancement to enable even more power savings.
Even if we stick to the current WUS design without further enhancements, i.e. each WUS indication is for all serving cells, it would work fine with the proposed DRX enhancements:
· Since both FR1 and FR2 carriers use the same long DRX cycle, they wake up at the same time for DRX on duration when they both use long DRX. In that case, WUS indication applies to all serving cells, i.e. FR1 and FR2 cells either wake up at the same time or stay in sleep together;
· At WUS occasions where carriers in one FR are in DRX off time while carriers in the other FR are in DRX active time, then we can apply the existing agreement that WUS is applicable only to carriers outside DRX active time.
· We can discuss how WUS may work in scenarios involving short DRX cycle after the agreement on short DRX cycle finalizes.
We are open to discussion on whether a WUS message may include separate indications for different DRX groups. For example, when both FR1 and FR2 DRX groups wake up at the same time for DRX on duration, WUS can indicate which DRX group to wake up and which to stay in sleep (e.g. depend on traffic load).

	CATT
	We think we first need to solve the issues we raised in Q2 before looking at impacts on WUS, as both regular DRX and WUS-based DRX behaviours with 2 DRX groups should be consistent.
Now, formally, such cDRX enhancements are not part of the power saving WI objectives which, on the contrary, explicitly capture: “Enhancements to Rel-15 DRX procedure can be studied further if they do not violate the general principle of single DRX configuration per MAC entity”. Hence they are not expected to be discussed in power saving sessions so far. If such enhancements are agreed to be specified in Rel-16 (although the late stage) we could maybe address them with low priority in power saving WI, if time permits. As mentioned by the rapporteur, if the impact of supporting both is too big, they can be mutually exclusive in Rel-16.

	OPPO
	We see come complexity on using WUS when multiple DRX-config are introduced, for example:
Whether we need different WUS for different DRX-config?
How is the mapping relationship being configured or do we need to have explicit bits in the WUS to indicate the DRX-config if we say yes to the above question?
How to indicate the wake-up of those SCells with a secondary DRX-config?
How to handle the DRX cycle being not aligned if we use a single WUS to indicate the wake-up for different DRX-config?
…

	Xiaomi
	Yes, since the OnDurations in both DRX groups start at the same time, the common WUS can be used without no problem.
Whether we need to have the WUS to indicate which DRX group to wake up or not still needs further study.

	Apple
	WUS can work with the CDRX enhancement, there are two options:
Option 1> Single WUS is applicable on both DRX groups;
Option 2> Different WUS are applicable on different DRX groups. 
We are open for the discussion. 

	Intel
	We’re fine to restrict that WUS and cDRX enhancements are not configured simultaneously in Rel-16.

	LG
	Both features enhance DRX functionality, and we don’t see a strong need to consider WUS in DRX enhancement.

	DOCOMO
	Simple solution in Rel.16 is fine. It is preferred that the WUS on PCell could wake up serving cells in both DRX groups for Rel.16.

	Huawei
	We don’t see strong need to couple these two features together.

	MediaTek
	Since both are related to DRX, even it is possible to not configure both features from RRC point of view, it’d be strange not to consider the interaction from MAC spec point of view. We do not think the interaction is very complicated and support to address it R-16.

	ZTE
	Since the current agreements about WUS are mainly based on the principle that only one DRX configuration per MAC entity, we also think the WUS and CDRX group can not be configured simultaneously in Rel-16.

	Samsung
	We assume less impact even if both WUS and cDRX enhancement are supported because WUS is not applicable with shortDRX.
A simple principle on WUS operation can be introduced.



Summary of email discussion
[bookmark: _Toc242573361]14 companies replied to the email discussion. An attempt is made to provide a (short) summary of the email discussion below:
Question 1: Which cDRX parameters can be configured for the secondary DRX group?
· 1 company indicated the need for drx-InactivityTimer only
· 9 companies indicated to support drx-InactivityTimer + drx-onDurationTimer
· 5 companies indicated to support drx-ShortCycle + drx-ShortCycleTimer in addition to the above
· 2 companies indicated to support additional parameters to the above
Some companies indicated potential impact on other WGs (RAN1, RAN3 and RAN4), in case the two DRX groups can be configured with different DRX cycles and there is a separate drx-ShortCycleTimer per DRX group. Most companies indicated to support at least drx-InactivityTimer and drx-onDurationTimer.
Question 2: Companies are invited to provide feedback on draft TP for 38.321.
Detailed comments were provided, and specific questions were raised when a feature is used across DRX groups, and the DRX groups are in different Active Times. Two topics are pointed out here: 
CSI reporting
When PUCCH is only configured on FR1, then UE may be requested to report CSI from cells in FR2, while FR2 is not in Active Time. The rule that the UE is not required to measure or report outside Active Time should be retained. Furthermore impact on other WGs, e.g. RAN1 should be avoided. In our understanding the REL-15  CSI reporting requirements say that CSI report can be based on CSI-RS measurement in previous DRX Active Time, i.e. CSI is not dropped [4]. 
Most companies indicated that this issue should be clarified.
Cross-carrier scheduling
Cross-carrier scheduling with mixed numerology, e.g. in case an FR1 cell schedules an FR2 cell, is not supported in Rel-15 but is being discussed in RAN1 in Rel-16. It is not clear if there is additional impact on RAN1 to support cross-carrier scheduling with a secondary DRX group. Perhaps there is additional UE processing timing requirement, when the scheduled cell in FR2 is sleeping and needs to wake up, i.e., it may need longer time to prepare PDSCH/PUSCH scheduled from the cell in FR1. Furthermore it is not clear if it should be considered new behavior when the UE is asked to wake up to monitor PDCCH in a cell in FR2, when the cell is scheduled from a cell in FR1. It is also not clear if the cross-carrier scheduling is needed with a secondary DRX group, when all FR2 cells are scheduled from FR1, i.e. UE is only monitoring PDDCH on FR1. 
Most companies indicated that this issue should be clarified. 
Contention resolution timer, HARQ, and retransmission timers are common for both DRX groups, and the DRX commands are common, which in our view do not require further discussion. Some further non-controversial clarifications are included in the updated TP [2]. 
Question 3: What NW configuration restrictions shall apply for the secondary DRX group?
· There are mixed views whether the cDRX configuration should be the same per band (5 companies) or per band and Frequency Range (5 companies). 
Question 4: Companies are invited to provide feedback on draft TP for 38.331.
· No major comments or concerns were expressed, and some changes have been added to the draft CR 38.331 [3]. One company mentioned possible 
Question 5: What is the impact to support WUS and the cDRX enhancement?
· 7 companies indicated to support WUS with the cDRX enhancement.
· 6 companies indicated not to support WUS with cDRX enhancement.
· Most companies indicated that WUS with cDRX enhancement can be supported because the OnDuration starts at the same time. One company indicated that for NR UE power saving it was agreed not to violate the general principle of single DRX configuration. 
Proposed way forward
Based on the feedback provided by companies, a possible way forward is described below.
cDRX parameters
To avoid potential impact on other working groups and to keep the solution simple it is proposed to only introduce a separate drx-InactivityTimer and drx-onDurationTimer for the secondary DRX group. This option also had the most support, and these two parameters provide the major power saving gains: 
Proposal 1: A separate drx-InactivityTimer and drx-onDurationTimer can be configured for the secondary DRX group.
Cross-carrier scheduling
Cross-carrier scheduling will be supported in REL-16 with different numerologies, but there could be RAN1 impact to support it together with secondary DRX group: 
Proposal 2: RAN2 to discuss if the combination of cross-carrier scheduling and secondary DRX group needs to be supported. 
CSI reporting
In our understanding CSI reporting across DRX groups is supported based on the REL-15 CSI reporting requirements, and configuration of PUCCH on only FR1 is a typical use case:
Proposal 3: RAN2 to agree that CSI reporting across DRX groups is supported. 
Same cDRX configuration per band or per band & RF
Most companies agreed that serving cells in the same band should have the same cDRX configuration. There was no consensus whether such requirement should also apply for a Frequency Range. It is proposed to specify that the cDRX configuration is the same per band, and to discuss if UE assistance or UE capability (see deviceType and benefitsFromInterruption capabilities in LTE) can be used for the UE preference of the same cDRX configuration per Frequency Range: 
Proposal 4: RAN2 to discuss whether UE assistance or UE capability is needed to indicate whether UE supports/benefits from configuring a secondary DRX within one FR. 
Wake-Up Signal (WUS)
There was no clear consensus whether WUS should be supported with the cDRX enhancement. Some companies indicated that this is feasible, but other companies indicated that certain aspects require further discussion. It is not clear whether there is a strong benefit to support both power saving features simultaneously. To keep it simple and save time it might be better to not support this combination: 
Proposal 5: RAN2 to discuss whether support of WUS with secondary DRX is needed.
In case RAN2 has agreed on how to resolve the issues above, it is proposed:
Proposal 6: Introduce cDRX enhancement in REL-16.
CRs to 38.321 and 38.331 are provided for further discussion and agreement in [2,3]. 
References
[1] R2-1913196, cDRX enhancement for CA, Ericsson, Qualcomm, Samsung, Verizon, Deutsche Telekom, DISC, RAN2#107bis
[2] R2-1915290, Introduction of secondary DRX group, Ericsson, CR 38.321, RAN2#108
[3] R2-1915291, Introduction of secondary DRX group, Ericsson, CR 38.331, RAN2#108
[4] R1-1911534, Clarification for CSI-RS measurement in DRX, draft CR 38.214, Ericsson, RAN1#98bis	 

image1.png
82.1.2.1 Interruptions at transitions between active and non-active during DRX
8.2.1.2.2 Interruptions at transitions from non-DRX to DRX




