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Introduction 
[bookmark: _GoBack]The benefits of introducing a RRC_INACTIVE [1] was widely discussed in the previous RAN meetings with agreements reached upon naming it as “RRC_INACTIVE”. In addition to its nomenclature, some of its main features were defined as [2]: 
Agreements
1	Modelling will be concluded when functionality is understood (maybe in WI phase). For the scope of the study we will refer to RRC_INACTIVE.
2: 	A UE and at least 1 gNB should keep the AS context information in the RRC_INACTIVE state.
3: 	Limit number of radio network identifiers
4:	In the RRC_INACTIVE state, a UE location can be known at the RAN based area level where that area may be a single cell or more than one cell. Area is determined by the network..
And, some agreements preceding the last one were [3]:
Agreement
1	One UE has only one NR RRC state at one time.
2	The connection (both CP and UP) between RAN and Core should be maintained in the “new state”
FFS whether the “new state” can be transparent to Core.
3	For the UE in the “new state”, a RAN initiated notification procedure should be used to reach UE. And the notification related parameters should be configured by RAN itself.
FFS how the notification will be transmitted (e.g. via a beam, broadcast, etc.)
4: 	For the UE in the “new state”, RAN should be aware whenever the UE moves from one “RAN-based notification area” to another. 
FFS how CN location updates and RAN updates interact, if needed
1: 	RRC states with significantly overlapping characteristics should be avoided. 
2: At least one RRC state for low activity should meet the NR control plane latency requirement and must be capable of achieving a comparable power efficiency to that of LTE’s IDLE state. 
Although the conceptual analysis for overall reduction in the C-Plane signalling was illustrated in the previous contribution [4]; the second facet of UE power saving achieved by incorporating the DRX cycles in the new state will be discussed in this paper. Despite, other RAN members have already started initial analysis on this topic [5], [6], [7], [8], [9]; it is now important to discuss in detail to reach definite agreements. 
2	Need for DRX 
The following was agreed in RAN2#95 meeting [3] : “The new state should meet the NR control plane latency requirement and must be capable of achieving a comparable power efficiency to that of LTE’s IDLE state”. Now, as can be noticed in Figure 1, retaining the RAN and CN connection will siginificantly help in reducing the C-plane latency for the state change from INACTIVE to fully CONNECTED state, and will also reduce the number of frequent state transitions. However, this cannot fulfill the latter requirement of power effiency. As can be comprehended from the figure, the RAN connection with the UE is temporarily suspended; necessitating, the inception of some techniques to monitor the RAN paging instants. Thus, the timely monitoring of paging messages can be done by deploying DRX mechanism.


Figure 1. The RRC connection is temporarily suspended in RRC_INACTIVE
Observation 1: As the UE and RAN connection is temporarily suspended in the RRC_INACTIVE, there is a necessity to introduce DRX mechanism to monior the paging instants coming from the RAN.  
3	DRX in the existing technology
3.1	DRX in IDLE 
Here, the DRX is mainly used to monitor the paging instants coming from the network. In the RRC_IDLE, the UE will wake-up at definite time periods known as “Paging Periods”, to monitor PDCCH to check for paging instances. The DRX cycle length is specified by the eNB in SIB2 message. Although there will neither be significant benefit, nor mandatory requirement for frequent state change from INACTIVE to IDLE. Yet, it is fundamentally important to retain the IDLE as a fall-back state, in case of sudden network failure, or for re-boot/fault recovery process. With the assumption that we preserve the IDLE; some of the DRX features of the IDLE state in the existing technology must be retained for NR. At least, the UE is not configured to monitor paging channels in non-DRX fashion, and must have good battery saving possibilities. One aspect that is most likely to be different is the handling of beamforming, for which the existing LTE IDLE DRX features may not properly fit to that of  NR IDLE state. Instead, basic principles of providing sufficient sleeping options should be supported.
Proposal 1:  The UE in NR IDLE is not required to monitor paging in non-DRX fashion, but instead, must be set to monitor the network at regular intervals, so as to offer good power saving possibilities. 
3.2	DRX in CONNECTED  
RRC_CONNECTED mainly supports full data transmission; whereby, there are very short instants/occasions within this state, when there is interruption in the data transmission, resulting in UE entering into very brief sleep periods. The C-DRX is characterized to comprise of two-stages: short and long DRX cycles. The intention of this “two-stage mechanism” is for the short DRX cycles to collect “traffic tails” before moving to long DRX mode. The modus operandi here, is that the UE first enters into short DRX cycle and after the expiry of its timer, enters into long DRX phase; before detecting complete inactivity to later switch over to IDLE. As it is widely predicted that the main traffic model in new radio is going to be based on IP traffic; some of the basic principles of LTE DRX scheme must be valid, as shown in [10] and [11]. Thus, LTE type DRX schemes should be used as the baseline for considering possible optimizations for CONNECTED mode DRX cycles.     
Proposal 2:  The two-stage LTE C-DRX must be used as baseline for NR CONNECTED mode DRX. In addition, sufficient scheduling flexibility schemes must be supported with good battery saving possibilities offered to the system. 
4     Discussion on DRX in the RRC_INACTIVE  
As the inclusion of DRX in the RRC_INACTIVE is found necessary, the energy efficiency of the UE can further be improved by reviewing the C-DRX as indicated in previous section. As already mentioned, in the CONNECTED state the UE first enters into short DRX cycles and then long DRX periods. Now although the instances and transition periods are short, retaining the UE in RRC_CONNECTED for long duration when there is no data transmission is not energy efficient [12].  At the same time neither resource efficient, as the network will have to reserve dedicated resources for the UE. Hence, requiring some proper UE power saving mechanism for RRC_INACTIVE.
Observation 2: RRC_INACTIVE should provide good power saving possibilities.
One of the main features for the RRC_INACTIVE is to enable the network to reach UE to start Mobile Terminated connection.
Observation 3: RRC_INACTIVE DRX should allow network to reach UE at properly defined time instants i.e. the network and UE must have coordinated information when the UE is configured to listen to network.
It has been agreed in the previous meeting that the RRC_INACTIVE state is controlled by RAN, but there may be deployment scenarios with fast moving users where it may be better to page the UE from CN or network failure situations, when the UE losses connection with RAN and will be required to be reached by CN paging. Thus, the DRX design in the RRC_INACTIVE must be done in such a way so as to ensure the UE is capable of listening to CN and RAN paging with minimal modifications – preferably without extra effort. Although there may be a need to listen to different identities as discussed in [13]. As the CN paging is very likely to use very large DRX settings, it might be useful to allow the RAN to setup shorter DRX values, if the UE is having more stringent performance requirements for supporting diverse applications. 
Additionally it is not yet clear if UE can have some dedicated identities/channels available while operating in the RRC_INACTIVE e.g. it might be useful to allow the UE in some scenarios to utilize scheduling request type of resources in order to avoid RACH usage or be able to address UE directly in the PDCCH type channels. 
Proposal 3: Basic DRX features for RRC_INACTIVE can be similar to those in RRC_IDLE, but the RAN must be capable of configuring UE specific DRX cycles based on the UE requirements. But, at the same time it is essential to introduce INACTIVE state DRX design, which can support UE reachability by both RAN and CN paging.


Figure 2. DRX for NR

Conclusion
A summary of the main observations and proposals made in this contribution:
Observation 1: As the UE and RAN connection is temporarily suspended in the RRC_INACTIVE, there is a necessity to introduce DRX mechanism to monior the paging instants coming from the RAN.  
Observation 2: RRC_INACTIVE should provide good power saving possibilities.
Observation 3: RRC_INACTIVE DRX should allow network to reach UE at properly defined time instants i.e. the network and UE must have coordinated information when the UE is configured to listen to paging messages.
Proposal 1:  The UE in NR IDLE is not required to monitor paging in non-DRX fashion, but instead, must be set to monitor the network at regular intervals, so as to offer good power saving possibilities. 
Proposal 2:  The two-stage LTE C-DRX must be used as baseline for NR CONNECTED mode DRX. In addition, sufficient scheduling flexibility schemes must be supported with good battery saving possibilities offered to the system. 
Proposal 3: Basic DRX features for RRC_INACTIVE can be similar to those in RRC_IDLE, but the RAN must be capable of configuring UE specific DRX cycles based on the UE requirements. But, at the same time it is essential to introduce INACTIVE state DRX design, which can support UE reachability by both RAN and CN paging.
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DRX must be configured, so as to regularly monitor the paging instants coming from the localized RAN
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