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Introduction 
RAN-88e updated the study item summary for Rel-17 Reduced capability UEs [1] and one of the descriptions of the study item is on power-saving aspects for the relatively higher latency tolerant RedCap UEs.  
Use case specific requirements: 
· Industrial wireless sensors: Reference use cases and requirements are described in TR 22.832 and TS 22.104: Communication service availability is 99.99% and end-to-end latency less than 100 ms. The reference bit rate is less than 2 Mbps (potentially asymmetric e.g. UL heavy traffic) for all use cases and the device is stationary. The battery should last at least few years. For safety related sensors, latency requirement is lower, 5-10 ms (TR 22.804)
· Video Surveillance: As described in TR 22.804, reference economic video bitrate would be 2-4 Mbps, latency < 500 ms, reliability 99%-99.9%. High-end video e.g. for farming would require 7.5-25 Mbps. It is noted that traffic pattern is dominated by UL transmissions.
· Wearables: Reference bitrate for smart wearable application can be 5-50 Mbps in DL and 2-5 Mbps in UL and peak bit rate of the device higher, up to 150 Mbps for downlink and up to 50 Mbps for uplink.  Battery of the device should last multiple days (up to 1-2 weeks).
The intention is to study a UE feature and parameter list with lower end capabilities, relative to Release 16 eMBB and URLLC NR to serve the three use cases mentioned above.

In the email discussion #915 following RAN2-111e[2], there was a discussion on the minimum eDRX cycle length and companies are tending towards 5.12 sec as the minimum eDRX cycle length. 
This paper discusses the potential solutions towards lower eDRX cycle lengths for certain type of RedCap UEs.  
   
Wearables as RedCap UE 
As the SI points outs, the intention of the RedCap UE features was to span the gamut of capabilities that bridges between the NB-IOT/eMTC and the eMBB NR devices. However, it is expected that the wearables are used in a very similar way as the eMBB devices, although probably with lower data-rates but with the functionalities are mostly on par with eMBB NR devices. More importantly, such wearables devices could potentially interact directly with humans and with applications more closely tied to human activities and behaviors, leading to the demand for low latency requirements.  
On the other hand, wearables are expected to have a smaller form factor compared to eMBB devices and this directly results in lower battery size and hence capacity.  This makes the power consumption target for wearables even more challenging. 
Hence, we think that the features and parameters of Redcap should be carefully designed and selected to allow the simultaneous optimization of both latency and power saving. 
Observation 1: Wearable type of RedCap UEs are expected to work with human interaction
Observation 2:  Wearable type of RedCap UEs require both low latency and low power consumption. Hence, system parameters should allow simultaneous optimization of latency and power saving.

Exceptions to LTE eDRX for NR RedCap
Based on the email discussion in #915 [2], it can be stated that most companies in RAN2 share the similar views that LTE eDRX feature can be used as the baseline for NR RedCap and that 5.12 sec eDRX cycle can be the starting point for the discussion of RedCap eDRX cycle.
The LTE eDRX feature can be summarized as follows:
· The UE requests the preferred LTE eDRX cycle length in NAS registration message and the registration accept message from NAS provides the NW accepted eDRX cycle length.
· The UE then uses the NAS provided eDRX cycle length even when this is longer than the RAN paging cycle. When NAS provides the paging message to the UE to RAN node using the S1-MME AP message, the UE capability including the eDRX cycle length is provided and RAN adjusts the paging cycle accordingly.
· The LTE devices using eDRX operation are not expected to support of emergency broadcast like CMAS/ETWS etc.
Emergency broadcast reception
As stated above, wearable types of RedCap UEs are expected to support applications highly correlated to human activities/behaviors and hence can benefit from shorter latencies than other types of RedCap devices. Human interaction with these type of RedCap UEs would mean that reception of emergency broadcast by these types of devices,  as a very practical use case.
Observation 3: Wearable types of RedCap UEs operate around human interaction and so emergency broadcast reception is a practical use case for these types of RedCap UEs  
Proposal 1: At least some RedCap UEs are expected to support the reception of emergency broadcast by gNB.
  2.56s eDRX cycle length
Reception of emergency broadcast services within the required delay budget (of 4 seconds) might not be possible with  5.12s eDRX cycle lengths used in RedCap UEs.
Observation 4: 5.12 sec eDRX cycle may not be able to meet the latency requirements for the reception of emergency broadcast services (e.g., ETWS primary notification of 4 seconds).  
Also, as mentioned earlier, wearable type of RedCap UEs may require lower latencies compared to other type of RedCap UEs.  Hence, it would be natural to allow RedCap UEs to also have at least some of the legacy RAN DRX cycle lengths, and we consider that 2.56s DRX cycle length is a sweet spot for allowing better power consumption gains while solving the needs of emergency reception and relatively lower latency requirement.
It can be noted that we already have 2.56s DRX cycle length as part of the legacy NR operation. But based on the current specification, even if the UE has requested 2.56s cycle DRX length and NAS has accepted this DRX cycle, the UE would still need to monitor the pages at a higher frequency if the RAN node paging cycle is shorter. This nullifies the power saving gains of using 2.56s DRX cycle. 
Therefore, we propose that NR RedCap UEs also have at least 2.56s as eDRX cycle which is not affected by the RAN paging cycle.
Proposal 2: eDRX cycle length of 2.56 sec is allowed for at least certain RedCap UEs and this DRX is not affected by the RAN paging cycle
 Handling of 2.56s eDRX cycle length
LTE eDRX cycle length starts at 5.12 sec and NAS signalling starts with this value. Since LTE eDRX feature can also operate with 5GC, the same NAS signalling framework is used with 5GC as well. 
For RedCap UE with 2.56s eDRX cycle length to be signalled, the NAS signalling needs to be updated to accommodate the new value. However, we think that there is a simpler alternative.
We see that the RedCap UE has to inform the core network about this feature (as part of service access etc.) and if the RedCap UE can signal the legacy DRX cycle length (where 2.56 sec is part of), the core network can understand that the RedCap UE is requesting for a legacy DRX cycle with RedCap functionality.
The handling of the paging at RAN node is also possible, as the S1-MME message from the CN contains the necessary information (that the page is for RedCap UE but the DRX cycle used is from the legacy value, based on the UE capability information).
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[bookmark: _Ref45883842]Figure 1 RedCap UE 2.56s eDRX cycle request using existing signaling and new NAS RedCap signaling.
 
The above figure illustrates the means for the RAN node to handle RedCap UEs with 2.56s eDRX cycle for emergency broadcast without the need of any explicit signalling.

Proposal 3: If legacy DRX values are used by RedCap UEs, they are signalled using the existing signalling framework and the additional signalling at NAS level on the RedCap service is used to differentiate from the RedCap DRX values from legacy values.  
Conclusions
Observation 1: Wearable type of RedCap UEs are expected to work with human interaction
Observation 2:  Wearable type of RedCap UEs require both low latency and low power consumption. Hence, system parameters should allow simultaneous optimization of latency and power saving
Observation 3: Wearable type of RedCap UEs operate around human interaction and so emergency broadcast reception is a practical usecase for these type of RedCap UEs  
Observation 4: 5.12 sec eDRX cycle may not allow for the reception of emergency broadcast services within the expected timing (for eg., ETWS primary notification of 4 seconds).  
Proposal 1: At least some RedCap UEs are expected to support the reception of emergency broadcast by gNB.
Proposal 2: eDRX cycle length of 2.56 sec is allowed for atleast certain RedCap UEs and this DRX is not affected by the RAN paging cycle
Proposal 3: If legacy DRX values are used by RedCap UEs, they are signalled using the existing signalling framework and the additional signalling at NAS level on the RedCap service is used to differentiate from the RedCap DRX values from legacy values.  
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