[bookmark: _Ref452454252]3GPP TSG RAN WG2 Meeting # 97bis                                             R2-1703441
Spokane, US, 3rd -7th, March 2017

Agenda item:		10.3.1.7
Source:			Intel Corporation
Title:		C-DRX enhancement in NR
Document for:		Discussion and decision
[bookmark: _Ref429645891]Introduction
In the RAN2#94 meeting, Connected mode DRX (C-DRX) was discussed as an important aspect for power saving in NR UEs. In RAN2#95bis meeting [1], the following was agreed:
“DRX enhancement is studied in NR in order to support multiple services with different requirements and/or numerologies”. 

In this document, we discuss the necessity of multiple DRX configurations for a UE and efficient switching mechanism of the DRX configurations. We also discuss aspects to consider for the C-DRX in multi-beam operation.
Need of dynamic C-DRX configurations
Multiple QoS data support
In NR, UE may support multiple services/verticals with different QoS requirements. It is reasonable to assume that higher number of bearers (compared to LTE) and more precise levels of QoS might be desirable and useful in NR design. Consequently, different DRX configurations may be required to meet the corresponding QoS requirements. 
For example, a UE may be using a delay sensitive and delay tolerant services simultaneously. In this case, shorter DRX cycle can be configured for delay sensitive services and longer DRX cycle can be configured for delay tolerant services. Based on different services/verticals being supported, it may be beneficial for the UE to switch to the most suitable C-DRX configuration dynamically. When a UE is using both types of services, the shorter DRX cycle among the two can be used. When the delay sensitive service stops, UE can save power by switching dynamically to a longer DRX cycle and smaller DRX inactivity timer configuration for delay tolerant service.
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 Multiple DRBs support
Similar to LTE, when a new data radio bearer (DRB) is configured to a UE using dedicated RRC signaling, DRX configuration can be (re)configured in NR if necessary, e.g. if the new DRB has associated to other new QoS requirements and this would require the usage of a new DRX configuration. On other hand, the DRX may need to be reconfigured when a DRB is released (i.e. end a service), e.g. if the required delay were relaxed, the network may configure a longer DRX cycle. On summary, a new DRX configuration may need to be provided to UE. 
Alternatively, it is also possible that multiple DRBs were established but only some of them were being used/active (i.e. having on-going data activity). In some scenarios where RRC signaling is not present such as pointed further below, it is possible, though inefficient, to use additional RRC signaling simply to reconfigure DRX parameters.
Take the following example where a UE is configured with 8 DRBs:
· Only DRB#1 has active traffic: DRX parameters favorable to DBR #1 are configured to UE.
· DRB#1 and DRB#2 have active traffic: As DRB#2 now also has active traffic, a new set of DRX parameters to meet the requirements of both DRBs is required to be configured.
In this scenario, it is not efficient to use only dedicated RRC signaling for every time traffic on a DRB become active or inactive as this will incur additional signaling overhead. Therefore a new mechanism to configure the DRX, for example using lower layers will be useful in NR.  
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Multiple TTIs support
In NR, a UE may be configured with multiple TTI durations. And then it is questionable how DRX is operated with multiple TTIs. There could be some options to determine DRX configuration in multiple TTI scenario. 
· Option 1: Single reference TTI. DRX configuration is determined based on one reference TTI. For example, if the UE is configured with 1ms and 0.1ms TTIs, DRX configuration is determined based on 0.1ms TTI (or 1ms TTI). One may argue that if either short TTI or long TTI is used at a given time, determining DRX configuration based on one reference TTI may not be efficient.
· Option 2: Parallel usage. gNB configures different DRX configuration for each TTI and the UE applies both.  For example, UE can wake up more often to monitor URLLC numerology slots and less often for eMBB slots. However, UE modem has to be ON in every wake up occasion which would be similar to using the union of the DRX cycles.
· Option 3: Dynamic change. gNB configures different DRX configuration for each TTI and the actual DRX configuration can be changed dynamically. If UE is using 1 ms TTI, actual DRX configuration is set to a DRX configuration which is associated to 1ms TTI among other DRX configurations. In order to avoid miss match in DRX configuration between UE and gNB, the switching of DRX should be signalled by either UE or gNB. 
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Considering the above aspects that may require different DRX configurations depending on different QoS, active DRBs or different TTI, more dynamic and flexible change of DRX configuration is desirable for NR. 
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To avoid RRC signaling for every change of DRX configuration, UE can be configured with multiple DRX configurations.  The applicable one can be selected without RRC signaling, for example it can be signaled explicitly over the user plane or implicitly based on active DRB.  
There can be different mechanisms how the network can select an applicable DRX configuration such as
· Based on which DRB is active.
· Based on stringent condition of DRX cycle (e.g. depending TTI).
· Based on UE preference
To facilitate the frequent DRX reconfigurations or switching between different DRX configurations supporting multiple types of services/QoS dynamically, an efficient mechanism would be required. If we use RRC signaling to configure the DRX configuration, the frequent change may not be desirable due to RRC signaling overhead. 
Therefore, it is beneficial that gNB provide multiple DRX configurations via RRC signaling and the actual DRX configuration is indicated later based on actual data transmission/service. There could be multiple options that gNB provide multiple DRX configurations. For example, a DRX configuration can be mapped to a particular DRB. In other example, multiple DRX configurations can be pre-defined based on services or numerologies supported. 
When the gNB indicates the actual DRX configuration, the gNB can just indicate an index of selected DRX configuration from the preconfigured DRX configurations. Although we can use RRC signaling to indicate actual DRX configuration, as mentioned above, it may not be desirable to frequently change DRX configuration due to the concern of increasing RRC signaling over the air. Therefore, lower layer signaling (L1/L2 signaling) can be used to change DRX configuration. 
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It is to note that RAN2 will have to study the reliability concerns that came due to the usage of the L1/L2 signaling. For example, MAC CE can be used for signaling to UE to apply a pre-configured DRX. In case there is HARQ failure or ACK/NACK error, there is will be miss-match of DRX configuration between UE and gNB which is undesirable.
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C-DRX in mulit-beam operation
In beam driven cells, it is understood that UE needs to perform beam management (e.g. beam measurements, CSI-RS reporting and maintenance) to find beam pair link for transmission/reception of control/data. When the quality of beam pair link(s) of an associated control channel falls low enough (e.g. comparison with a threshold, time-out of an associated timer), beam recovery procedure will be triggered. 
If the similar operation is required during DRX operation, the UE would need to perform beam management every DRX cycle before it becomes ready to monitor PDCCH in its beam pair link (BPL). And, if DL BPL is not valid, then the beam recovery procedure would be required. 
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A UE either may need to perform beam management and/or beam recovery before or at the start of the ON duration as shown in figures 1 and 2. The question is whether beam management/recovery should be done before ON duration time is started or not. The figure 1 shows the case where the UE wake up ‘x’ subframe before ON duration timer is started to perform beam management. ‘x’ subframe is the time period required for beam management. However, in this case, if the beam recovery is required, the UE may not be able to receive PDCCH during ON duration time. The figure 2 shows the case where the UE wake-up ‘y’ subframe before ON duration time, where ‘y’ subframe is the time period required for beam recovery. In this case, if the beam recovery is not required, the UE may just waste time until the UE is actually in ON duration time. 




Figure 1 UE behavior in connected mode DRX in multi-beam operation where UE wakes up ‘x’ subframe before ON duration


Figure 2 UE behavior in connected mode DRX in multi-beam operation where UE wakes up ‘y’ subframe before ON duration
Based on the above observation, it is important to understand how beam management/beam recover would be supported during DRX operation. Especially, RAN2 needs RAN1 input on the following points. 
· [bookmark: _Toc478154648]Does UE need to perform beam management and if failed, the UE initiate beam recovery procedure in DRX mode?
· [bookmark: _Toc478154649]Should beam management be finished before the UE receive PDCCH during ON duration time? 
· [bookmark: _Toc478154650]If the beam recovery is required, should it be finished before the UE receives PDCCH during ON duration time so that there is no impact in DRX operation?
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Based on the above discussion, we have following observations:
Observation 1 In NR, a UE can be configured to support services with wide range of QoS simultaneously (e.g. ranging from MTC type of service to URLLC type of services).
Observation 2 In NR, different C-DRX configurations may be suitable for different bearers/services and UE may benefit by changing the C-DRX configuration dynamically based on the actual traffic at a certain time.
Observation 3 If DRBs are established, additional signaling overhead may incur to configure the optimal DRX parameters using dedicated RRC signaling based on which DRBs have active traffic on-going.
Observation 4 UE may be configured with multiple DRX configurations specific to TTI durations.
Observation 5 Lower layer signaling (L1/L2) can be used for UE to apply a given DRX configuration from a known group of DRX configurations.
Observation 6 In every DRX cycle, the UE may need to perform beam management to find the valid BPLs and if it fails to find the BPL, the beam recovery procedure will be required.
Based on these observations and discussion, we propose:
Proposal 1.	NR design enables efficient frequent change of DRX configuration.
Proposal 2.	Reliability issue of using lower layer signaling, when indicating the DRX configuration to be used, needs to be addressed.
Proposal 3.	RAN2 ask RAN1 feedback on the beam management/recovery procedure in DRX operation.
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