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1 Introduction
The most recent agreements about Dual DRX were captured in RAN2#108 [1]: 
Agreement 

1.  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.
For PDCCH-WUS, agreements captured in RAN2#107:
1. The WUS is configured on the PCell with CA and SpCell with DC (i.e. PCell on MCG and PSCell on SCG) 
2. 
From RAN2 perspective, it is desirable to support WUS for both short and long DRX and it can be configurable by the network.  However, RAN2 will follow the final RAN1 decision.
Based on this, we discussed some issues on how Dual DRX is going to work under the R16 power saving framework.
2 Discussion
The main motivation for the dual DRX is to allow different cDRX parameter values to be configured in FR2 compared to FR1, i.e. shorter drx-InactivityTimer and drx-onDurationTimer in FR2 can put FR2 cells to sleep first to save power when traffic load drops on FR2. Note that the drx-onDurationTimer of all the cells starts at the same time and other DRX parameters are the same.
Obviously, it is not necessary that FR2 should also be kept in short DRX while there is only traffic left on FR1 when short DRX is triggered originally on both RF chains. Since we have decided that WUS is not applied to DRX Short cycles, it is obvious we need a separate MAC CE to terminate the DRX Short cycle for the other DRX group, otherwise keeping two simultaneous running DRX Short cycles is very power consuming. Note that if the WUS can be applied to DRX Short cycles, then WUS itself can solve this problem without extra mechanism.
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Figure 1 illustration separate MAC CEs for dual DRX cycles
Proposal 1 Separate MAC CEs can be applied for the different DRX groups if WUS is not applied to DRX Short cycles.
A typical example is, in some cases the network configured DRX Short cycle only applies for FR1.

Proposal 2 DRX Short cycles can be configured only for FR1 DRX group if WUS is not applied to DRX Short cycles.
Regarding to PDCCH-WUS works with Dual DRX, we think since the OnDurations in both DRX groups start at the same time, a DCP indication can be applied to both DRX groups without no problem. A simple and straightforward way of using DCP is DCP applies with both DRX groups and a single WUS bit should control the onDurationTimer start of both groups [1]. Note that the DCP should be only configured (based on earlier agreements) on the PCell/PScell. 

It is natural for the network to configure the carriers sharing the same RF chain in the same Scell group. A bitmap in the DCP can be indicated to adapt the dormancy behaviour of Scell(s) group on different RF chains. Based on the traffic and SCell group configuration on both DRX groups, the network can easily send the FR2 Scell group(s) to dormancy first to save power. Note that the SCell dormancy behaviour change is achieved by BWP switching to/from dormant BWP.
However, if the two DRX groups have different traffic patterns and the traffic on FR2 is more dynamic, this involved frequent BWP switching when the traffic changes in FR2 as depicted in the figure 2. What is more, if it has no data scheduling on Pcell/PScell, it can only send WUS = 0, which means that both DRX groups would stop listening. That limits the scheduling flexibility. It seems that a single WUS bit is more suitable to be used when two DRX groups have similar traffic patterns.
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Figure 2 Comparisons of a single WUS bit and separate WUS bits
To support the scheduling flexibility for Dual DRX, an additional WUS indication for FR2 DRX group is needed. 
Proposal 3 WUS is only configured on PCell/PScell and an additional WUS indication for FR2 DRX group is introduced for more scheduling flexibility.
If an additional WUS indication for FR2 is accepted, it is natural for the Scell groups on FR2 should follow WUS indication for FR2. And it involves the WUS design in RAN1. As a result, we would recommend to discuss this solution in Rel-16. If further study is needed, we would like to run a more comprehensive study in Rel-17.
There are 4 cases that the two DRX groups at different DRX cycles (Note Pcell/PScell is belong to FR1 cells):
· Case1：DRX Group1 in DRX Long cycle; DRX Group2 in DRX Long cycle

Since UE can have separate WUS bits for the two DRX groups, i.e. the separate information bit in PDCCH- WUS can indicate which DRX group to wake up or not. In this way, the UE will have individual DRX operations.
· Case2：DRX Group1 in DRX Long cycle; DRX Group2 in DRX Short cycle

For DRX Group2 in DRX Short cycle, the drx-onDurationTimer will always be started while for DRX Group1 in DRX long cycle, UE will need to check the WUS indication corresponding to DRX Group1 to decide whether or not to monitor the subsequent ON duration(s).
· Case3：DRX Group1 in DRX Short cycle; DRX Group2 in DRX Short cycle

Since UE is not needed to check the WUS for both groups. Definitely, the drx-onDurationTimer will always be started for both DRX groups.

· Case4：DRX Group1 in DRX Short cycle; DRX Group2 in DRX Long cycle (Pictured in the following figure 3)
Do the UE bother to check the WUS transmitted in FR1 for DRX Group2? Considering that DRX Long cycle brings marginal power consumption compared to DRX Short cycle, for simplicity, it is not need, i.e. UE only need to check the WUS transmitted in FR1 when FR1 is in long DRX cycles.
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Figure 3 illustration of two DRX groups at different DRX cycles
Proposal 4 UE only need to check the WUS transmitted in FR1 when FR1 is in long DRX cycles.

Obviously, if WUS occasions overlapping with (PCell/PScell) active time or BWP switching time are invalid in FR1, UE should start the onDurationTimer for both two DRX groups. If a WUS is not detected by a UE, “UE wakeup or not” is configured by the higher layer signalling to address this case for both DRX groups.
Proposal 5 The UE only need to check the WUS transmitted in FR1 when the FR1 is not in active time.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 

Proposal 6 Separate MAC CEs can be applied for the different DRX groups if WUS is not applied to DRX Short cycles.
Proposal 7 DRX Short cycles can be configured only for FR1 DRX group if WUS is not applied to DRX Short cycles.
Proposal 8 WUS is only configured on PCell/PScell and an additional WUS indication for FR2 DRX group is introduced for more scheduling flexibility.
Proposal 9 UE only need to check the WUS transmitted in FR1 when FR1 is in long DRX cycles.

Proposal 10 The UE only need to check the WUS transmitted in FR1 when the FR1 is not in active time.
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