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1 Introduction

In RAN2#108 meeting, the introduction of secondary DRX group in CA was discussed, and the following agreements were made.
Conditional on R1 acceptance: 

· A separate drx-InactivityTimer and drx-onDurationTimer can be configured for the secondary DRX group. R2 understands that this has zero or almost zero impact in R1 and R4
· The combination of cross-carrier scheduling and secondary DRX group is not supported
· FFS if timers for FR2 DRX configuration are shorter than timers for FR1 DRX configuration.

· The intention is to apply secondary DRX configuration to FR2 and existing DRX configuration to FR1 

· We send an LS to R1, ask whether there is impact, and if so whether the impact is acceptable. 
In this paper, we discuss the left open issues on secondary DRX group.
2 Discussion
2.1 Active time determination upon sending a SR or receiving RAR in CFRA
When a UE is configured with a DRX functionality, the UE monitors PDCCH during Active Time. According to the MAC specification TS 38.321, 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 is running; or
· a Scheduling Request is sent on PUCCH and is pending; 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.
With a single DRX configuration for a MAC entity, if the MAC is in Active Time, the UE monitors PDCCH on all the activated serving cells. With two DRX groups, the UE monitors PDCCH on the serving cells belonging to the DRX group which is in Active Time.
Observation 1 During DRX active time, the UE is required to monitor PDCCH. 

Observation 2 If a secondary DRX is configured for FR2 cells, Active Time is defined per DRX group.
So we need to consider how to determine DRX active time for the DRX group in the following two cases:
· Case 1: A SR is sent on PUCCH and is pending

· Case 2: RAR is received in CFRA
For case 1, the following possible options shown in Figure 1 can be considered.

· Option 1： a SR is sent on PUCCH on a serving cell, UE enters Active Time for the DRX group which the serving cell belongs to.
· Option 2：Both DRX groups start Active Time regardless of where the SR transmission is sent. 

· Option 3: Starts Active Time of the DRX group depending on the logical channel which triggers the SR， considering the LCP restriction for this logical channel. For instance, for the logical channel which triggers the SR:

· If allowedServingCells is configured, the DRX group(s) associated with the serving cell(s) which is included in the configured allowedServingCells enters DRX Active Time.
· If allowedServingCells is not configured, both DRX group enters DRX Active Time.
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Figure 1 Active Time for DRX group triggered by sending SR
Comparing the three options above, in our view, Option 3 shows the largest benefits while with limited spec impacts. Besides, the UE behaviour of PDCCH monitoring can be aligned with the network scheduling strategy. For example, if the data of a logical channel is suitable to be transmitted on FR2 cells, network can send the UL grant on FR2 cells which makes UE monitoring PDCCH on FR1 cells useless.. So we prefer Option 3, with which unnecessary PDCCH monitoring can be avoided.
Proposal 1 If a SR is sent on PUCCH and is pending, UE enters Active Time for either or both of DRX groups based on the LCP restriction for the logical channel which triggers the SR.
For case 2, the following possible two options can be considered.

· Option 1： Start Active Time depends on the serving cell where the preamble is sent. i.e., if preamble is sent on a serving cell, UE enters Active Time for the DRX group which the serving cell belongs to when RAR is received in CFRA.

· Option 2：Both DRX groups start Active Time when RAR is received in CFRA..
Since CFRA on a cell is triggered by network to derive UL synchronization on the cell, in which case network expects data transmission on that cell. Thus we think after receiving RAR only the DRX group for the cell where preamble is sent should start Active Time. In other words, option 1 is our preference. Furthermore, Option 1 is more power efficient than Option 2. 
Observation 3 CFRA on a cell is triggered by network to derive UL synchronization on the cell, in which case network expects data transmission on that cell.

Proposal 2 Upon receiving a RAR in CFRA, UE enters Active Time of a DRX group for the serving cell where preamble is sent.
2.2 DRX cycle switch

When UE is configured with DRX function, a long DRX cycle is configured, and a short DRX cycle could be configured in an optional way. If a short DRX cycle is configured, UE switches between long DRX cycle and short DRX cycle as follows. 
· The UE switches from long DRX cycle to short DRX cycle if drx-InactivityTimer expires or a DRX Command MAC CE is received.

· The UE switches from short DRX cycle to long DRX cycle if drx-ShortCycleTimer expires or a Long DRX Command MAC CE is received.

In other words, DRX cycle switch is triggered by timer expiration or (Long) DRX Command MAC CE. 
Observation 4 DRX cycle switch is triggered by expiration of timer or (Long) DRX Command MAC CE.

When a secondary DRX group is configured for FR2 cells, since the traffic activity for FR1 and FR2 could be different, from the UE power saving point of view, UE should operates the DRX timers including drx-InactivityTimer and drx-ShortCycleTimer for each DRX group independently. Thus, the expiration of drx-InactivityTimer or drx-ShortCycleTimer for a DRX group will trigger the DRX cycle switch for the corresponding DRX group. 

Proposal 3 The expiration of drx-InactivityTimer or drx-ShortCycleTimer for a DRX group triggers the DRX cycle switch for the corresponding DRX group.
With a secondary DRX configuration for FR2 cells, the UE behaviour upon receiving a (Long) DRX Command MAC CE needs to be discussed. We think the following possible options can be considered.
· Option 1：Both DRX group use the same DRX cycle regardless where the (Long) DRX Command MAC CE is transmitted. For instance, if a DRX Command MAC CE is received, short DRX cycle is used for both DRX group.
· Option 2: If a (Long) DRX Command MAC CE is received on a serving cell, UE switches the DRX cycle for the DRX group which the serving cell belongs to.
· Option 3: Introduce a new DRX Command MAC CE and a new Long DRX Command MAC CE without payload. The existing DRX Command MAC CE and Long DRX Command MAC CE are used for the primary DRX group, and the new DRX Command MAC CE and Long DRX Command MAC CE are used for the secondary DRX group.

Comparing the three options above, option 2 and option 3 are more beneficial for power saving, which is aligned with the intention of introducing secondary DRX cycle. Since Option 3 will have a greater impact on the specification, considering the limit meeting time, we prefer Option 2 for simplification.
Proposal 4 If a (Long) DRX Command MAC CE is received on a serving cell, UE switches the DRX cycle of a DRX group to which the serving cell belongs.
2.3 Periodic and semi-persistent CSI report
According to TS38.321, if a UE is configured with the DRX function, the UE does not report periodic CSI or semi-persistent CSI report if UE is not in Active Time.

In CA scene, network can configure UE to report CSI of a serving cell on PUCCH or PUSCH located on a different serving cell. For simplify, in this section we assume UE is configured to report P/SP CSI of serving cell 1 on PUSCH or PUCCH on serving cell 2.

If a secondary DRX group is configured for the UE, there are two cases:

· Case 1: Both serving cell 1 and serving cell 2 are FR 1 cells or FR2 cell2.

· Case 2: One serving cell is a FR1 cell and the other serving cell is a FR2 cell. 
For case 1, since both serving cells belong to the same DRX group, P/SP CSI reporting are the same as legacy.

For case 2, the two serving cells belong to different DRX group. Assuming that serving cell 1 belongs to DRX group 1 and serving cell 2 belongs to DRX group 2. Since the Active Time for DRX group 1 and DRX group 2 may not be aligned. We need to consider the following two scenes as shown in figure 1.
In case 2-1, when DRX group1 is in Active Time and DRX group2 is not in Active Time, we think UE should report P/SP CSI of serving cell 1 on PUCCH or PUSCH located on serving cell 2, so network could schedule the UE for transmission in serving cell 1 using the reported CSI.
In case 2-2, when DRX group1 is not in Active Time, and DRX group2 is in Active Time, we think UE does not need to report P/SP CSI of serving cell 1 on PUCCH or PUSCH located on serving cell 2, since network would not schedule the UE for transmission in serving cell 1 when DRX group 1 is not in Active Time.
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Proposal 5 UE reports periodic or semi-persistent CSI for a cell only when this cell is in Active Time, regardless of whether the cell carrying the CSI report is in Active Time or not.
2.4 Impact on WUS
In Rel-16 NR, PDCCH based WUS is introduced to reduce the PDCCH monitoring in connected mode. The WUS is considered jointly with DRX, WUS is monitored at occasions located at a configured offset before the start of the drx-onDurationTimer and is used to indicate if the UE starts drx-onDurationTimer to monitor PDCCH during the next occurrence of drx-onDurationTimer or not. Some of the agreements that have been made during the past RAN2 meetings are listed below.
Agreements:
1. The WUS is configured on the PCell with CA. 
2. UE does not monitor WUS during active time.

3. If UE is in DRX Active Time during a PDCCH-WUS occasion, it starts the drx-onDurationTimer at its next occasion as in legacy.

With the introduction of secondary DRX group, we need to consider if there is any impact on WUS.
For agreement 1, we think we can keep it when secondary DRX group is configured, i.e., WUS configured on the PCell is used to indicate whether UE starts drx-onDurationTimers to monitor PDCCH during next occurrence of drx-onDurationTimer for both DRX group.
Proposal 6 With secondary DRX configuration in CA, WUS is configured on PCell.
For agreement 2 and 3, with the configuration of secondary DRX group, since the active time of the two DRX group may not be aligned, there may be the following cases:

· Case1: The WUS monitoring occasion does not overlap with Active Time for both DRX group 
· Case2: The WUS monitoring occasion does not overlap with Active Time for the primary DRX group but overlaps with Active Time for the secondary DRX group
· Case3: The WUS monitoring occasion overlaps with Active Time for the primary DRX group but does not overlap with Active Time for the secondary DRX group
· Case4: The WUS monitoring occasion overlaps with Active Time for both DRX group 

For case 1, case 2 and case 4, we can keep agreement 2 and 3 as legacy. i.e., whether UE monitors WUS depends on whether the WUS monitoring occasion overlaps with Active Time for the primary DRX group. For case 3, we think the following two options could be considered.

· Option 1: WUS does not monitor WUS and starts the drx-onDurationTimer(s) for both DRX group.
· Option 2: WUS monitors WUS and follows the WUS indication for both DRX group.

Obviously, Option 2 is more power efficient than Option 1.
Proposal 7 When the WUS monitoring occasion overlaps with Active Time for the primary DRX group but does not overlap with Active Time for the secondary DRX group, UE monitors WUS and follows the WUS indication for both DRX group.
3 Conclusion

Based on the discussion we propose the following:
Proposal 1
If a SR is sent on PUCCH and is pending, UE enters Active Time for either or both of DRX groups based on the LCP restriction for the logical channel which triggers the SR.
Proposal 2
Upon receiving a RAR in CFRA, UE enters Active Time of a DRX group for the serving cell where preamble is sent.
Proposal 3
The expiration of drx-InactivityTimer or drx-ShortCycleTimer for a DRX group triggers the DRX cycle switch for the corresponding DRX group.
Proposal 4
If a (Long) DRX Command MAC CE is received on a serving cell, UE switches the DRX cycle of a DRX group to which the serving cell belongs.
Proposal 5
UE reports periodic or semi-persistent CSI for a cell only when this cell is in Active Time, regardless of whether the cell carrying the CSI report is in Active Time or not.
Proposal 6
With secondary DRX configuration in CA, WUS is configured on PCell.
Proposal 7
When the WUS monitoring occasion overlaps with Active Time for the primary DRX group but does not overlap with Active Time for the secondary DRX group, UE monitors WUS and follows the WUS indication for both DRX group.
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