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1. Introduction
In RAN #88e meeting¸ study item on support of redcap UEs [1] was revised. As a baseline, the requirements for these three use cases are:
Generic requirements:
· Device complexity: Main motivation for the new device type is to lower the device cost and complexity as compared to high-end eMBB and URLLC devices of Rel-15/Rel-16. This is especially the case for industrial sensors. 
· Device size: Requirement for most use cases is that the standard enables a device design with compact form factor. 
· Deployment scenarios: System should support all FR1/FR2 bands for FDD and TDD.
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).
For industrial sensor use case, it is required to support at least few years long battery lifetime. And one of the target of this SI target is to study UE power saving and battery lifetime enhancement for redcap UE in applicable use cases (e.g. delay tolerate). 
· Reduced PDCCH monitoring by smaller numbers of blind decodes and CCE limits [RAN1].
· Extended DRX for RRC Inactive and/or Idle [RAN2]
· RRM relaxation for stationary devices [RAN2]
This contribution provides consideration on introducing extended DRX (eDRX) for redcap UE.
2. Discussion
According to requirement for industrial wireless sensors, the battery should last at least for years. In NB-IoT and LTE eMTC, there is similar requirement. To meet the requirement of extreme long battery life , extended DRX is introduced in NB-IoT and LTE eMTC for RRC IDLE UEs in Release 13, and for RRC INACTIVE UEs in Release 16.
Following are the stage 2 description of eDRX for idle mode [2]:
	When extended DRX (eDRX) is used in idle mode, the following are applicable:
-	The DRX cycle is extended up to and beyond 10.24s in idle mode, with a maximum value of 2621.44 seconds (43.69 minutes); For NB-IoT, the maximum value of the DRX cycle is 10485.76 seconds (2.91 hours);
-	The hyper SFN (H-SFN) is broadcast by the cell and increments by one when the SFN wraps around;
-	Paging Hyperframe (PH) refers to the H-SFN in which the UE starts monitoring paging DRX during a Paging Time Window (PTW) used in ECM-IDLE. The PH is determined based on a formula that is known by the MME/AMF, UE and (ng-)eNB as a function of eDRX cycle and UE identity;
-	During the PTW, the UE monitors paging for the duration of the PTW (as configured by NAS) or until a paging message is including the UE's NAS identity received for the UE, whichever is earlier. The possible starting offsets for the PTW are uniformly distributed within the PH and defined in TS 36.304 [11];
-	MME/AMF uses the formulas defined in TS 36.304 [11] to determine the PH as well as the beginning of the PTW and sends the S1 paging request just before the occurrence of the start of PTW or during PTW to avoid storing paging messages in the (ng-)eNB;
-	ETWS, CMAS, PWS requirement may not be met when a UE is in eDRX. For EAB, if the UE supports SIB14, when in extended DRX, it acquires SIB14 before establishing the RRC connection;
-	When the eDRX cycle is longer than the system information modification period, the UE verifies that stored system information remains valid before establishing an RRC connection. Paging message can be used for system information change notification, when including systemInfoModification-eDRX, for a UE configured with eDRX cycle longer than the system information modification period.


With eDRX, the DRX cycle for UE in RRC IDLE extended beyond 10.24s and maximum value can be 43.69 minutes and 2.91 hours for eMTC UE and NB-IoT UE respectively. The UE configured with eDRX cycle larger than 10.24s monitor paging occasion based on paging time window (PTW).
The requirement of NB-IoT/eMTC eDRX is very similar to UE power saving requirement in redcap. Thus NB-IoT/eMTC eDRX can be taken as the baseline for redcap eDRX. Some modification may be needed to adapt NB-IoT/eMTC eDRX in NR. But these modification are assumed to be limited.
Proposal 1: To introduce eDRX for redcap UE in RRC IDLE and RRC INACIVE and take NB-IoT /eMTC eDRX as baseline.
In NB-IoT/eMTC eDRX, the eDRX cycle is negotiated between UE and CN via NAS signaling. In R16 eDRX is already supported for eMTC and NB-IoT connected to 5GC. And in PAGING message, AMF inform gNB the paging eDRX information which including eDRX cycle and PTW window length. Thus it should not be difficult for SA to eDRX for NR redcap.
Proposal 2: To ask SA2 whether eDRX negotiation and configuration can be supported for NR redcap UE.
In eMTC eDRX, UE configured with eDRX monitors paging occasions according to following rules:
	Cases
	UE monitor paging occasion rule

	RRC IDLE, eDRX cycle > 10.24s
	within PTW: based on the shortest of UE specific DRX cycle and default paging cycle
Outside PTW: not required to monitor PO

	RRC INACTIVE, eDRX cycle > 10.24s
	within PTW: based on shortest of UE specific DRX cycle, default DRX cycle, and RAN paging cycle
Outside PTW: based on RAN paging cycle

	RRC IDLE and RRC INACTIVE, 
eDRX cycle < 10.24s
	based on eDRX cycle (taking eDRX cycle as the T)


If eDRX cycle is equal to or larger than 10.24s, the paging monitoring is based on PTW. RRC IDLE UE monitor paging within PTW. RRC INACIIVE UE monitor for RAN paging when outside PTW in addition to monitor paging within PTW.
The PTW mechanism provides a period of time to monitor for a number of consecutive paging occasions. Then during an eDRX cycle, RRC IDLE UE only wake up once. UE power saving is maximized with this mechanism.
One difference between NB-IoT/eMTC and NR is that the paging occasion in NR is a set of PDCCH monitoring occasions and can consist of multiple time slots. Each PDCCH monitoring occasion within a PO is corresponding to a SSB thus UE can monitor proper PDCCH occasion for paging message. To adopt NB-IoT/eMTC PTW formula to NR spec, this difference should not be a problem, i.e. within PTW, NR redcap UE monitor paging occasion according to current NR paging monitoring rule.
Proposal 3: For NR redcap UE configured with eDRX, follow the following rules for paging monitoring in RRC_IDLE/RRC INACIVE:
· For UE in RRC IDLE/INACIVE and eDRX cycle is less than 10.24s, paging monitoring is based on eDRX cycle (taking eDRX cycle as T in PF/PO formula).
· For UE in RRC IDLE and eDRX cycle is equal to or larger than 10.24s, paging monitoring within PTW is based on the shortest value of default paging cycle andUE specific paging cycle if configured.
· For UE in RRC INACTIVE and eDRX cycle is equal to or larger than 10.24s, paging monitoring within PTW is based on the shortest value of default paging cycle, UE specific paging cycle is configured, and RAN paging cycle; paging monitoring outside PTW is based on the RAN paging cycle.
The PTW is UE-specific and is determined by a Paging Hyperframe (PH), a starting position within the PH (PTW_start) and an ending position (PTW_end). The PH, PTW_start and PTW_end is calculated based on eDRX cycle, UE_ID_H, and PTW length. The PTW is negotiated between UE and CN.The UE_ID_H is the 10 or 12 most significant bits of Hashed ID. The details are attached in Annex A of this contribution. 
The intention of using the hashed UE ID (UE_ID_H) in the PTW formula is to spread UE with similar ID in different hyperframe. In the formula, UE_ID can be 5G-S-TMSI to support eDRX when eMTC/NB-IoT UE connected to 5GC. Thus, it would be no issue to take this PTW formula as the baseline for NR redcap.
Proposal 4: Take PTW formula of NB-IoT/eMTC as the baseline for NR redcap.
For RRC INACTIVE and outside PTW, UE keep monitoring paging occasion based on RAN paging cycle for RAN paging. For the sake of UE power saving, RAN paging cycle for eMTC is extended to 512 and 1024 RF.
In current NR spec, the RAN paging cycle has same range as default paging cycle. To save UE power, it is necessary to extend RAN paging cycle length as in eMTC.
Proposal 5: To extend RAN paging cycle length. FFS on the value range.
Because eDRX cycle is extended beyond 10.24s, it is necessary to introduce H-SFN as time unit and time synchronization between UE and NW. In NB-IoT/eMTC, the hyper SFN (H-SFN) is broadcast by the cell and increments by one when the SFN wraps around. In NB-IoT, 2 lest significant bits of H-SFN is broadcast in MIB, while the rest is included in SIB1. This is beneficial for fast acquiring H-SFN when operating in eDRX.
For NR redcap, how to broadcast H-SFN to support fast acquiring H-SFN can be further studied.
Proposal 6: To introduce hyper SFN (H-SFN) for NR redcap, which increments by one when SFN wrap around. FFS on how to broadcast H-SFN.
Another issue related to eDRX is related to system information change notification and acquisition. Because eDRX cycle may be larger than system information change notification, eDRX UE may miss the system information change. Thus to enable system information update for UE configured to use a DRX cycle longer than the modification period, an eDRX acquisition period is defined. And in paging message, system information change notification for eDRX is added for eDRX UE. An UE operating in eDRX receiving this indicator will acquire system information immediately from the start of the next eDRX acquisition period. The eDRX acquisition is 256 HFN long for eMTC and 1024 H-SFN for NB-IoT.
With this mechanism, UE operating in eDRX will update system information at a fixed time location. The NW should ensure eDRX UE can receive paging message during the eDRX acquisition period, i.e. keep the SI related to paging reception unchanged during acquisition period. Otherwise, UE operating in eDRX will not receive paging.
This mechanism can be reused for NR redcap by introducing a new indicator in paging message/short message, and define eDRX acquisition period.
Proposal 7: To introduce an indicator in NR paging message/short message, to indicate system information modification for UE operating in eDRX. UE operating in eDRX acquires system information at the beginning of next eDRX acquisition period. FFS on the length of eDRX acquisition period.
Proposal 8: The NW should ensure the paging monitoring related configuration does not change during an eDRX acquisition period.
Because the eDRX cycle may be longer than SI modification period, UE operating in eDRX may miss IS updates. Thus it is possible when it intend to initiate RRC setup or RRC resume, its local stored SI is not valid anymore. In NB/eMTC, it is up to the UE to check whether its local stored SI message is still valid. NB-IoT/eMTC provides fast method for validation by including SI value tag in NB-IoT MIB, and system information unchanged indicator in eMTC MIB.
This mechanism can also be reused for NR redcap, i.e. it is up to UE to verify its local stored SI before initiate RRC setup or resume. And the UE should acquire up to dated SI if the SI validation fails.
Although there is very limited spare space in NR MIB, the similar fast indication for SI validation should be discussed in RAN2. Otherwise, UE in RRC INACTIVE has to acquire the whole SIB1 to check whether SI is changed before initiate RRC resume for periodic RNAU.
Proposal 9: A UE configured with eDRX validates its stored SI before initiates RRC setup or resume procedure.
Proposal 10: Similar to NB-IoT/eMTC, the NW can provide method for fast SI validation.
3. Conclusion
Proposal 1: To introduce eDRX for redcap UE in RRC IDLE and RRC INACIVE and take NB-IoT /eMTC eDRX as baseline.
Proposal 2: To ask SA2 whether eDRX negotiation and configuration can be supported for NR redcap UE.
Proposal 3: For NR redcap UE configured with eDRX, follow the following rules for paging monitoring in RRC_IDLE/RRC INACIVE:
· For UE in RRC IDLE/INACIVE and eDRX cycle is less than 10.24s, paging monitoring is based on eDRX cycle (taking eDRX cycle as T in PF/PO formula).
· For UE in RRC IDLE and eDRX cycle is equal to or larger than 10.24s, paging monitoring within PTW is based on the shortest value of default paging cycle andUE specific paging cycle if configured.
· For UE in RRC INACTIVE and eDRX cycle is equal to or larger than 10.24s, paging monitoring within PTW is based on the shortest value of default paging cycle, UE specific paging cycle is configured, and RAN paging cycle; paging monitoring outside PTW is based on the RAN paging cycle.
Proposal 4: Take PTW formula of NB-IoT/eMTC as the baseline for NR redcap.
Proposal 5: To extend RAN paging cycle length. FFS on the value range.
Proposal 6: To introduce hyper SFN (H-SFN) for NR redcap, which increments by one when SFN wrap around. FFS on how to broadcast H-SFN.
Proposal 7: To introduce an indicator in NR paging message/short message, to indicate system information modification for UE operating in eDRX. UE operating in eDRX acquires system information at the beginning of next eDRX acquisition period. FFS on the length of eDRX acquisition period.
Proposal 8: The NW should ensure the paging monitoring related configuration does not change during an eDRX acquisition period.
Proposal 9: A UE configured with eDRX validates its stored SI before initiates RRC setup or resume procedure.
Proposal 10: Similar to NB-IoT/eMTC, the NW can provide method for fast SI validation.
4. [bookmark: _GoBack]Reference
[1] RP-201386, ‘Revised SID on Study on support of reduced capability NR devices’, RAN #88e, Ericsson
[2] TS 36.300
[3] TS 36.331
[4] TS 36.304
[5] TS 38.413
5. Annex A. PTW formula
According to 36.304, 7.3:
	The PH is the H-SFN satisfying the following equation:
H-SFN mod TeDRX,H= (UE_ID_H mod TeDRX,H), where
-	UE_ID_H:
- 10 most significant bits of the Hashed ID, if P-RNTI is monitored on PDCCH or MPDCCH
- 12 most significant bits of the Hashed ID, if P-RNTI is monitored on NPDCCH
-	T eDRX,H : eDRX cycle of the UE in Hyper-frames, (TeDRX,H =1, 2, …, 256 Hyper-frames) (for NB-IoT, TeDRX,H =2, …, 1024 Hyper-frames) and configured by upper layers.
PTW_start denotes the first radio frame of the PH that is part of the PTW and has SFN satisfying the following equation:
SFN = 256* ieDRX, where
-	ieDRX = floor(UE_ID_H /TeDRX,H) mod 4
PTW_end is the last radio frame of the PTW and has SFN satisfying the following equation:
SFN = (PTW_start + L*100 - 1) mod 1024, where
-	L = Paging Time Window length (in seconds) configured by upper layers
Hashed ID is defined as follows:
Hashed_ID is Frame Check Sequence (FCS) for the bits b31, b30…, b0 of S-TMSI or 5G-S-TMSI. 5G-S-TMSI is used for Hashed-ID if the UE supports connection to 5GC and NAS indicated to use 5GC for the selected cell.
S-TMSI = <b39, b38, …, b0> as defined in TS 23.003 [35]
5G-S-TMSI = <b47, b46, …, b0> as defined in TS 23.003 [35].
The 32-bit FCS shall be the ones complement of the sum (modulo 2) of Y1 and Y2, where
-	Y1 is the remainder of xk (x31 + x30 + x29 + x28 + x27 + x26 + x25 + x24 + x23 + x22 + x21 + x20 + x19 + x18 + x17 + x16 + x15 + x14 + x13 + x12 + x11 + x10 + x9 + x8 + x7 + x6 + x5 + x4 + x3 + x2 + x1 + 1) divided (modulo 2) by the generator polynomial x32 + x26 + x23 + x22 + x16 + x12 + x11 + x10 + x8 + x7 + x5 + x4 + x2 + x + 1, where k is 32; and
-	Y2 is the remainder of Y3 divided (modulo 2) by the generator polynomial x32 + x26 + x23 + x22 + x16 + x12 + x11 + x10 + x8 + x7 + x5 + x4 + x2 + x + 1, where Y3 is the product of x32 by "b31, b30…, b0 of S-TMSI or 5G-S-TMSI", i.e., Y3 is the generator polynomial x32 (b31*x31 + b30*x30 + … + b0*1).
NOTE:	The Y1 is 0xC704DD7B for any S-TMSI or 5G-S-TMSI value. An example of hashed ID calculation is in Annex B.






