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1 Introduction

The WID of Rel-16 MTC enhancements for LTE were approved in RAN#80. The WID has been revised and the lasted one is approved in RAN#86 [1]. The following objective is included in the WID:

	Connection to 5GC:

· Specify support for the following features [RAN2, RAN3]

· Support of extended DRX in CM-IDLE

· Support of extended DRX in CM-CONNECTED with RRC_INACTIVE (support of sleep cycles up to the NAS and SMS retransmission timers)

· Support of User Plane CIoT optimisation

· Support of EDT for Data over NAS and User Plane CIoT optimization (see Note)

· Support of restriction of use of Enhanced Coverage

· Delivery of Expected UE Behaviour information to the RAN

· Additional information in SIB to indicate supported CIoT features; indication of CIoT features supported by the UE in RRC


The agreements for connection to 5GC can be found in [2]. In this contribution, we will discuss these remaining FFSs for support of eDRX in CM-CONNECTED with RRC_INACTIVE and give our proposals. 
2 Discussion
After discussion in RAN2#107bis and RAN2#108 meeting, PTW is not introduced for RRC_INACTIVE state with short eDRX, and ran-PagingCycle is extended with values rf512 and rf1024 to support RRC_INACTIVE state with short eDRX.
In RAN2#108 meeting, the first FFS statement is achieved as follows:
	· FFS: If configured with eDRX cycle in CM-IDLE, eMTC UEs in RRC_INACTIVE monitor paging occasions (POs) during CM-IDLE PTW according to the cell paging cycle or UE specific DRX if configured.


We understand this statement is used to describe the case that eDRX cycle in CM-IDLE is configured. In this FFS, only the UE behavior for monitoring POs during CM-IDLE PTW has been mentioned, but he UE behavior for monitoring POs outside the PTW is still not clear.

Even for the sub-case of during CM-IDLE PTW, it’s also not clear, if the value of ran-PagingCycle is shorter than the cell paging cycle and the configured UE specific DRX, whether eMTC UEs in RRC_INACTIVE should still monitor paging occasions during CM-IDLE PTW according to the cell paging cycle or UE specific DRX if configured?
For this question, we can start with reference to NR. In NR, the value of ran-PagingCycle is usually less than cell paging cycle in order to reduce data transmission latency (e.g. the Ng connection is kept in RRC_INACTIVE state), and the UE will monitor the PO using the shortest value among the RAN paging cycle, the UE specific paging cycle, and the default paging cycle, if allocated by upper layer [3]. We think the use case is the same for eMTC and NR, so the NR rules can be reused for eMTC, e.g., the eMTC UEs should monitor POs during CM-IDLE PTW according to the shortest value of the RAN paging cycle, the UE specific paging cycle, and the default paging cycle, if configured.
For the sub-case of outside CM-IDLE PTW, we need to clarify what DRX cycle will be used for PO monitoring. Taken into account that the UE should monitor the CN initiated paging only during the PTW (e.g. CN initiated paging is not monitored outside of the PTW), UE only need to monitor the RAN initiated paging outside the PTW of eDRX by using the RAN paging cycle. 

Therefore, we have the following proposal to clarify the first FFS:
Proposal 1: If configured with eDRX cycle in CM-IDLE, the eMTC UEs in RRC_INACTIVE should monitor paging occasions (POs) during CM-IDLE PTW according to the min {UE specific DRX cycle, default DRX cycle, RAN paging cycle}. Moreover, the eMTC UEs in RRC_INACTIVE should monitor paging occasions outside CM-IDLE PTW according to RAN paging cycle.
The second FFS statement is as follows:
	· FFS: if “short eDRX for RRC-INACTIVE” is configured, eMTC UEs in RRC_INACTIVE monitor paging occasions (POs) according to the RAN paging cycle, i.e. 5.12sec, 10.24sec, for RRC_INACTIVE.


We understand this statement is used to describe the case that the eDRX cycle in CM-IDLE is not configured, and the value of ran-PagingCycle is set to rf512 or rf1024. According to this FFS, the UE only needs to monitor paging with the (large) RAN paging cycle.
If we consider that AMF may trigger the UE’s Ng connection release, we think the UE behavior in this FFS may not be always correct.

As we know, UE in RRC_INACITVE will suspend the UE’s Uu connection, and keep the UE’s Ng connection. In which case, when AMF triggers the UE’s Ng connection release (eg. AMF sends the UE CONTEXT RELEASE COMMAND message to ng-eNB), ng-eNB will not be able to notify the UE. Thus, AMF and ng-eNB will think the UE in idle state, but UE may think itself in RRC_INACTIVE state. That’s why UE should monitor both RAN initiated paging and CN initiated paging during RRC_INACTIVE.   
If eMTC UEs in RRC_INACTIVE monitor paging occasions (POs) only according to the RAN paging cycle, i.e. 5.12sec, 10.24sec and if the DRX cycle for CN initiated paging is smaller than the RAN paging cycle, it’s obvious the CN initiated paging among each ran-PagingCycle would be missed. Therefore, UE still needs to monitor POs according to the shortest cycle.
Based on the above analysis, we have the following clarification for this second FFS:
Proposal 2: If eDRX cycle in CM-IDLE is not configured and short eDRX for RRC-INACTIVE, i.e. 5.12sec, 10.24sec, is configured, the eMTC UEs in RRC_INACTIVE should monitor paging occasions (POs) according to the min {UE specific DRX cycle, default DRX cycle, RAN paging cycle}.
The third FFS statement is as follows:
	· FFS: if “short eDRX for RRC-INACTIVE”, i.e. 5.12sec, 10.24sec, is not configured, eMTC UEs in RRC_INACTIVE monitor paging occasions (POs) according to the min {UE specific DRX cycle, default DRX cycle, RAN paging cycle}.


We understand this statement is used to describe the case that the eDRX cycle in CM-IDLE is not configured, and the value of ran-PagingCycle is not set to large values, e.g., rf512 or rf1024. Such case is same as that in NR RRC_INACTIVE. So the NR rule can be reused, e.g., according to the min {UE specific DRX cycle, default DRX cycle, RAN paging cycle}.
So we can confirm the third FFS as the following proposal:

Proposal 3: If short eDRX for RRC-INACTIVE, i.e. 5.12sec, 10.24sec, is not configured, eMTC UEs in RRC_INACTIVE should monitor paging occasions (POs) according to the min {UE specific DRX cycle, default DRX cycle, RAN paging cycle}.
Based on the above proposals, it can be concluded how to decide the DRX cycle for PO monitoring does not care whether the value of ran-PagingCycle is set to rf512 or rf1024, instead, it only needs to differentiate whether both CN initiated paging and RAN initiated paging need to be monitored, or only RAN initiated paging need to be monitored. So it’s better to further merge the above proposal 1~ proposal 3.
Based on the above analysis, we provide the related example text proposal in appendix. 

3 Conclusions

In this contribution, we make the following observations and proposal:

Proposal 1: If configured with eDRX cycle in CM-IDLE, the eMTC UEs in RRC_INACTIVE should monitor paging occasions (POs) during CM-IDLE PTW according to the min {UE specific DRX cycle, default DRX cycle, RAN paging cycle}. Moreover, the eMTC UEs in RRC_INACTIVE should monitor paging occasions outside CM-IDLE PTW according to RAN paging cycle.

Proposal 2: If eDRX cycle in CM-IDLE is not configured and short eDRX for RRC-INACTIVE, i.e. 5.12sec, 10.24sec, is configured, the eMTC UEs in RRC_INACTIVE should monitor paging occasions (POs) according to the min {UE specific DRX cycle, default DRX cycle, RAN paging cycle}.

Proposal 3: If short eDRX for RRC-INACTIVE, i.e. 5.12sec, 10.24sec, is not configured, eMTC UEs in RRC_INACTIVE should monitor paging occasions (POs) according to the min {UE specific DRX cycle, default DRX cycle, RAN paging cycle}.
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Appendix
<36.304 example text proposal>
<Start of the modified section>
7
Paging

7.1
Discontinuous Reception for paging
The UE may use Discontinuous Reception (DRX) in idle mode in order to reduce power consumption. One Paging Occasion (PO) is a subframe where there may be P-RNTI transmitted on PDCCH or MPDCCH or, for NB-IoT on NPDCCH addressing the paging message. In P-RNTI transmitted on MPDCCH case, PO refers to the starting subframe of MPDCCH repetitions. In case of P-RNTI transmitted on NPDCCH, PO refers to the starting subframe of NPDCCH repetitions unless subframe determined by PO is not a valid NB-IoT downlink subframe then the first valid NB-IoT downlink subframe after PO is the starting subframe of the NPDCCH repetitions. The paging message is same for both RAN initiated paging and CN initiated paging.

The UE initiates RRC Connection Resume procedure upon receiving RAN paging. If the UE receives a CN initiated paging in RRC_INACTIVE state, the UE moves to RRC_IDLE and informs NAS.
One Paging Frame (PF) is one Radio Frame, which may contain one or multiple Paging Occasion(s). When DRX is used the UE needs only to monitor one PO per DRX cycle.

One Paging Narrowband (PNB) is one narrowband, on which the UE performs the paging message reception.

PF, PO, and PNB are determined by following formulae using the DRX parameters provided in System Information:

PF is given by following equation:

SFN mod T= (T div N)*(UE_ID mod N)

Index i_s pointing to PO from subframe pattern defined in 7.2 will be derived from following calculation:

i_s = floor(UE_ID/N) mod Ns

If P-RNTI is monitored on MPDCCH, the PNB is determined by the following equation:

PNB = floor(UE_ID/(N*Ns)) mod Nn

If P-RNTI is monitored on NPDCCH and the UE supports paging on a non-anchor carrier, and if paging configuration for non-anchor carrier is provided in system information, then the paging carrier is determined by the paging carrier with smallest index n (0 ≤ n ≤ Nn-1) fulfilling the following equation:

floor(UE_ID/(N*Ns)) mod W < W(0) + W(1) + … + W(n)

System Information DRX parameters stored in the UE shall be updated locally in the UE whenever the DRX parameter values are changed in SI. If the UE has no IMSI, for instance when making an emergency call without USIM, the UE shall use as default identity UE_ID = 0 in the PF, i_s, and PNB formulas above. If the UE has no 5G-S-TMSI, for instance when the UE has not yet registered onto the network, the UE shall use as default identity UE_ID = 0 in the PF and i_s formulas above.

The following Parameters are used for the calculation of the PF, i_s, PNB, and the NB-IoT paging carrier:

-
T: DRX cycle of the UE. Except for NB-IoT, if a UE specific extended DRX value of 512 radio frames is configured by upper layers according to 7.3, T =512. Otherwise, T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied. UE specific DRX is not applicable for NB-IoT. In RRC_INACTIVE state, if the UE does not operate in extended DRX in idle mode or the UE operates in extended DRX in idle mode and during the periodic Paging Time Window (PTW), T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, and the default paging cycle, if allocated by upper layers. In RRC_INACTIVE state, if UE operates in extended DRX in idle mode but outside the periodic Paging Time Window (PTW), T is determined by the RAN paging cycle.
-
nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256, and for NB-IoT also T/512, and T/1024.

-
N: min(T,nB)

-
Ns: max(1,nB/T)

-
Nn : number of paging narrowbands (for P-RNTI monitored on MPDCCH) or paging carriers (for P-RNTI monitored on NPDCCH) provided in system information

-
UE_ID:
If the UE supports E-UTRA connected to 5GC and NAS indicated to use 5GC for the selected cell:

5G-S-TMSI mod 1024, if P-RNTI is monitored on PDCCH.

else

IMSI mod 1024, if P-RNTI is monitored on PDCCH.

IMSI mod 4096, if P-RNTI is monitored on NPDCCH.

IMSI mod 16384, if P-RNTI is monitored on MPDCCH or if P-RNTI is monitored on NPDCCH and the UE supports paging on a non-anchor carrier, and if paging configuration for non-anchor carrier is provided in system information.

-
W(i): Weight for NB-IoT paging carrier i.

-
W: Total weight of all NB-IoT paging carriers, i.e. W = W(0) + W(1) + … + W(Nn-1).

IMSI is given as sequence of digits of type Integer (0..9), IMSI shall in the formulae above be interpreted as a decimal integer number, where the first digit given in the sequence represents the highest order digit.

For example:


IMSI = 12 (digit1=1, digit2=2)

In the calculations, this shall be interpreted as the decimal integer "12", not "1x16+2 = 18".

5G-S-TMSI is a 48 bit long bit string as defined in TS 23.501 [39]. 5G-S-TMSI shall in the PF and i_s formulae above be interpreted as a binary number where the left most bit represents the most significant bit.

<End of the modified section>
