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[bookmark: _Ref528762725]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the context of the Power Saving SI agreed in RAN#80 [1] RAN1 studied the power saving benefits of UE supporting multiple DRX configurations. The resulting extract of the latest TR [2] is as below:
	-	Dynamic DRX configuration including at least the following 
-	UE is configured with multiple DRX configurations
-	Dynamic selection of DRX configuration by gNB from multiple DRX configurations (e.g., traffic, mobility) 
-	UE assistance information may be considered
-	Adaptive parameters setting of one DRX configuration 
-	UE assistance information may be considered
-	DRX parameters are indicated by gNB
-	Adaptive UE behavior in the DRX operation (e.g, restart the inactivity timer)
[…]
Observation:
Dynamic DRX configuration schemes show power saving gain in the range of 8% - 70% with latency increase at 2%-323%. When the DRX configuration and/or parameters are closely adapted to the traffic type, high power saving gain is observed. One source shows the power saving gain -37% to +47% over the agreed baseline with Rel-15 DRX configuration selection adapted to the traffic with suitable short DRX.


As can be observed, the power saving gains and associated latency increase from supporting multiple DRX configurations vary across a large range.
Beside, RAN2#105 was the first meeting where the Power Saving SI was (shortly) discussed and where, for c-DRX, only an agreement that “the power saving signal/channel scheme is considered jointly with DRX” could be achieved. However, the issue of supporting multiple c-DRX configurations was addressed by several posted (but not treated) contributions [3]-[12]. From the review, it appears that the following options are to be further discussed:
· Option 1: A MAC entity can be RRC-configured with multiple DRX configurations
· Option 1-a: only one DRX configuration is active at a time, with dynamic switching from a configuration to another based on UE indication of preferred configuration or else [10]-[12].
· Option 1-b: multiple DRX configurations can be active at a time, with independent management (e.g. in different SCells [3]).
· Option 2: A MAC entity is RRC-configured with only one DRX configuration
· Option 2-a: The DRX operates (timers, states, short/long DRX, …) independently in different cells [4][5].
· Option 2-b: The DRX parameters can be updated dynamically by PDCCH [6][7] or MAC CE [8] or power saving signal/channel [4].
· Option 2-c: Single and common DRX operation per MAC entity [9].
As can be seen, there is quite a number of options on the table. But essentially, what we need to solve can be summarized in two main questions:
· Q1: Do we support one or multiple RRC-configured DRX configurations per MAC entity?
· Q2: Can two different DRX configurations be active at a time in one MAC entity?
We think it is uneasy to start with Q1 because, for example, it is unclear what are the differences between options 1-a and 2-b, which have in common that only one DRX configuration is active at a time. As a result, in this contribution, we aim at answering Q2 first.
Discussion
Multiple c-DRX configurations in a MAC entity could generally aim at addressing different traffic types. Or, more specifically and as suggested in [7], they could be mapped to different CORESETs, BWPs or Serving Cells. As a result the simultaneous activity of different DRX configurations can be analysed for each case. However, we simplify it to the two cases:
· Multiple active DRX Configurations per Serving Cell
· Multiple active DRX Configurations in different Serving Cells
Multiple active DRX Configurations per Serving Cell
· Case 1: The different DRX configurations are associated with different CORESETs
In our understanding, the only reason for doing so would be to address a gNB scheduler implementation that would specifically dedicate some selected CORESETs to some traffic types with specific patterns. As such, this option seems tailored to one particular NW implementation. And the power saving gains of such fine granularity would need to justify the complexity. 
· Case 2: The different DRX configurations are associated with different BWPs
Since only one BWP is active per Serving Cell, even if multiple DRX configurations are associated with different BWPs, only one DRX configuration is active at a time.
· Case 3: The different DRX configurations are associated with different traffic types (and patterns), that can be active at a time.
In such case, the resulting active DRX would be a “merge” of both DRX configurations, as shown in Figure 1. It also means the different timers will co-exist in the same cell/BWP, which introduces UE complexity, specification effort and likely many corner cases to solve. It is also difficult to assess how much benefit can be obtained.


[bookmark: _Ref4351330]Figure 1: Multiple Active DRX Configurations per Serving Cell/BWP
[bookmark: _Toc4345231]Proposal 1: There is only one active DRX configuration at a time per Serving Cell.
Multiple active DRX Configurations in different Serving Cells
In this solution, multiple DRX configurations are RRC-configured in one MAC entity and can be simultaneously active and managed independently in different Serving Cells. It corresponds to option 1-b of Section 1, and should be compared with option 2-a, i.e. one same DRX configuration across multiple Serving Cells active at a time, but with possibly independent states with respect to Active Time, due to the independent management of the DRX timers, e.g. based on the traffic activity in their own Serving Cells, and/or Serving Cell-specific activation/de-activation, and/or Serving Cell-specific power saving signal/channel Active Time skipping/control [4][13].
In practice, the Power Saving SI only has 2 meetings with one TU each to complete. And it is therefore very important to focus the discussions on a reduced set of solutions. Since DRX enhancements based on power saving signal/channel have already been extensively evaluated in RAN1 in the first part of the SI, and this is already a topic to be finalized in RAN2, we think we should also leverage this new feature to provide the desired flexibility in having different DRX behaviors in different Serving Cells (Figure 2), rather than designing yet another set of solutions.


[bookmark: _Ref4360356]Figure 2: Serving Cell-specific power saving signal/channel Active Time skipping/control
[bookmark: _Toc4345230]It results from the above discussion that only one DRX configuration should be active at a time per MAC entity, but with some flexibility in supporting independent DRX Active states per Serving Cell.  
Proposal 2: Only one DRX configuration is active at a time per MAC entity, but with some flexibility in supporting independent DRX Active states in different Serving Cells. 
[bookmark: _Toc4345232]Proposal 3: Proposal 2 can be achieved by supporting Serving Cell-specific power saving signal/channel.
Conclusion
In this document, we analyze whether a MAC entity should support one single or multiple active DRX configurations at a time. The resulting proposals are as follows:
Proposal 1: There is only one active DRX configuration at a time per Serving Cell.
Proposal 2: Only one DRX configuration is active at a time per MAC entity, but with some flexibility in supporting independent DRX Active states in different Serving Cells. 
Proposal 3: Proposal 2 can be achieved by supporting Serving Cell-specific power saving signal/channel.
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