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Introduction
DRX is an important technology for UE power saving. The following agreements were made during the last RAN2 meetings: 
	Agreements in RAN2#95bis:
DRX enhancement is studied in NR in order to support multiple services with different requirements and/or numerologies.

	Agreements in RAN2#96:
DRX design will not optimised for URLLC service requirements.


This contribution gives our consideration on NR DRX design.
Discussion
 Basic principle for NR DRX design
Independent DRX and common DRX mechanism were discussed in Rel-10 CA discussion and common DRX across all serving cells were discussed due to two the following two reasons:
· Easy for UE implementation, because the mechanism is same as Rel-8 non-CA scheme and no change introduced; 
· New mechanism of SCell activation/deactivation can achieve the target of power saving on one specific component carrier. 
So the LTE framework for power saving includes the following points:
· 1. In one serving eNB, common DRX mechanism (across all serving cells) is to achieve the power saving in time domain; 
· 2. SCell activation/deactivation mechanism is to achieve the power saving in frequency domain;
· 3. In DC, due to distributed MAC scheduler and DRX active time is replied on the dynamic scheduling, 
· Common DRX mechanism is limited to perform within one Serving eNB. 
· From network point of view, the DRX configuration should be targeted to achieve overlapped active time between two Serving eNB as much as possible. 
For NR, we do not see there is any challenge on the power saving to keep the current LTE framework, so it is proposed:
Proposal 1: Power saving framework should be kept and based on LTE design, i.e. 
· Support common DRX mechanism (i.e. same active time) across all serving cells scheduled by one MAC scheduler within one serving eNB;
· Support SCell activation/deactivation mechanism;
· In case of DC/MC, network is required coordinate the DRX configuration of each connectivity to achieve the overlapped active time as much as possible.
The new characteristic of NR cell is that UE can support multiple numerologies/TTIs within one serving cell, and it is possible for network to only configure some services mapping to only one special numerologies/TTIs. So the network could have different scheduling scheme for different numerology/TTI, the activity frequency of each numerology/TTI could be different for one UE, and the NR power saving framework should taken it into account. 
Proposal 2: In NR, UE power saving should be enhanced according to the different activity frequency on different numerology/TTI within one serving cell. 
Similar as SCell activation/deactivation mechanism is introduced based on different activity frequency on different serving cells in CA, numerology/TTI specific activation/deactivation can be considered in NR. 
Figure-1 gives an example of the numerology specific activation/deactivation mechanism. On top of common DRX mechanism, for one numerology in activated cell1, in case of activation, UE performs the physical channel monitoring and data transmission/reception on it; in case of deactivated, UE does not monitor the physical channel and does not perform data transmission/reception on it. 


                           Figure-1 Illustration of numerology specific activation/deactivation
Proposal 3: Numerology/TTI specific activation/deactivation mechanism should be considered in NR, in order to enhance the power saving performance within one cell.

DRX mechanism 
According to current LTE DRX mechanism, active time includes two patterns: fix pattern based on network configuration and dynamic pattern based on dynamic scheduling.  Due to the service characteristics and transmission scheme are not so much different from LTE, so the LTE DRX mechanism can reused for NR, and some enhancements can be considered based on it if necessary. 
Proposal 4: NR DRX mechanism should be based on LTE DRX mechanism. 
In LTE, there are two parts of DRX configuration: 
· Part 1: for retransmission: which is applied on HARQ process, 
· UL/DL HARQ RTT timer;
· UL/DL retransmission timer. 
· Part 2: for new transmission, which is applied on UE;
· Long onduration pattern, i.e. onduration timer/cycle; 
· Short onduration pattern, i.e. onduration timer/cycle/cycletimer; 
· Inactivity timer. 
· For part 1:
HARQ RTT timer represents the minimum interval between two consecutive transmissions for potential retransmission. In LTE, it is not configured but calculated based on scheduling timing and feedback timing defined in RAN1 spec and UE/eNB processing time . 
Retransmission timer represents the potential HARQ retransmission occurring period. In LTE, it is configured by network based on the retransmission scheduling scheme in MAC scheduler. 
In NR, according to current RAN1 progress, HARQ feedback timing is configured by network dynamically or semi-statically; and UE/eNB processing capability can be different and network can explicitly configure the processing time semi-statically. 
	DL HARQ timing：
· Timing relationship between DL data reception and corresponding acknowledgement can be (one or more of, FFS which ones)
· dynamically indicated by L1 signaling (e.g., DCI)
· semi-statically indicated to a UE via higher layer
· a combination of indication by higher layers and dynamic L1 signaling (e.g., DCI)
· FFS: minimum interval between DL data reception and corresponding acknowledgement
· FFS: common channels (e.g. random access)



Hence, there would not be a fix timing pattern defined in RAN1 spec, and HARQ RTT Timer should be configured by RRC signaling.
Proposal 4: HARQ RTT Timer should be explicitly configured by network.  
For NR, due to some service is only mapped to some special numerology/TTI, the scheduling scheme for different numerology/TTI could be different due to the different QoS requirement. Due to one HARQ process is only service for the transmission on one special numerology/TTI, HARQ process level DRX configuration should be considered to be configured per numerology/TTI. 
Proposal 5: DRX parameters in HARQ process level (i.e. HARQ RTT Timer and retransmission timer) should be configured based on numerology/TTI. 

· For part 2:
The part configuration is for new transmission, and network configures it based on the overall consideration on the traffic pattern of the UE’s applications. In case of multiple applications, due to the activity situation of each application can be changed, so there would be lots of combinations, and the combined pattern change cannot be resolved by one set DRX configuration. In order to have best UE power saving performance and not to degrade the UE’s experience, due to current there is only one set of DRX configuration, network is required to be aware the activated applications change timely and adjust the DRX configuration according to it. In LTE, the DRX configuration is only can be reconfigured via RRC signalling, and also for the UE’s application activity situation change, network cannot be detect timely without the UE’s help. So to enhance the UE’s experience and achieve the extreme service QoS requirement compared to LTE,  NR should consider the enhancement in order to fast reconfigure DRX configuration based on UE’s help. 
Proposal 6: To support fast adjustment, DRX configuration change via L2/L1 signaling should be considered in NR. 
Proposal 7: To help network adjust the DRX configuration timely, UE indication about the service pattern/DRX pattern change should be considered in NR. 
Conclusion
Based on the analysis in section 2, it is observed:
Proposal 1: Power saving framework should be kept and based on LTE design, i.e. 
· Support common DRX mechanism (i.e. same active time) across all serving cells scheduled by one MAC scheduler within one serving eNB;
· Support SCell activation/deactivation mechanism;
· In case of DC/MC, network is required coordinate the DRX configuration of each connectivity to achieve the overlapped active time as much as possible.
Proposal 2: In NR, UE power saving should be enhanced according to the different activity frequency on different numerology/TTI within one serving cell. 
Proposal 3: Numerology/TTI specific activation/deactivation mechanism should be considered in NR, in order to enhance the power saving performance within one cell.
Proposal 4: NR DRX mechanism should be based on LTE DRX mechanism. 
Proposal 5: DRX parameters in HARQ process level (i.e. HARQ RTT Timer and retransmission timer) should be configured based on numerology/TTI. 
Proposal 6: To support fast adjustment, DRX configuration change via L2/L1 signaling should be considered in NR. 
Proposal 7: To help network adjust the DRX configuration timely, UE indication about the service pattern/DRX pattern change should be considered in NR. 


3
R2-1700201
image1.emf
Numerology 1 

of Cell1

Numerology 2 

of Cell1

common active time common active time

Common DRX 

pattern

Activation:physical channel monitoring

Deactivation: physical channel monitoring is muted


oleObject1.bin
Numerology 1 of Cell1


Numerology 2 of Cell1


common active time


common active time


Common DRX pattern


Activation:physical channel monitoring


Deactivation: physical channel monitoring is muted



