3GPP TSG-RAN WG2 #108


                                                     R2-1914722
Reno, Nevada, USA, 18th – 22nd November 2019
Source:               ZTE Corporation
Title:                    Remaining issues of supporting short eDRX for eMTC connection to 5GC 

Agenda item:      7.1.12
Document for:    Discussion and Decision
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#84 [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

Note: Based on the outcome of RAN2/SA2 liaison exchanges, EDT support for connection to 5G-CN may be later updated to also include RRC_INACTIVE.


In RAN2 #107bis, the following agreements have been achieved [2]:

	For eMTC when connected to 5GC:

· The Rel-15 suspension/ resumption procedure to/from RRC_INACTIVE applies.

· eMTC UEs in RRC_INACTIVE monitor RAN initiated paging and CN initiated paging via I-RNTI and 5G-S-TMSI respectively.

· Upon reception of CN paging in RRC_INACTIVE, eMTC UE moves to RRC_IDLE without suspension.

· For eMTC,‘e is extended with values rf512 and rf1024.

· The RNA configuration and RNA update procedure in Rel-15 RRC_INACTIVE apply to eMTC.

· The resume cause ‘ran-Update’ is applicable to eMTC UEs connected to 5GC that support RRC_INACTIVE.

· IDLE mode cell selection/reselection criteria and measurement rules also apply in RRC_INACTIVE state for eMTC UEs connected to 5GC.

· Neighbouring cell relaxed monitoring is also applicable in RRC_INACTIVE state for eMTC UEs connected to 5GC.

· Indication in SIB2-BR to indicate that the eNB supports RRC_INACTIVE can be implicit.

· If a UE in RRC_INACTIVE moves to an eNB that does not support RRC_INACTIVE, the UE enters RRC_IDLE, i.e. not suspended state.

· No additional capability is needed to indicate support for short extended DRX operation in RRC_INACTIVE state.


In this contribution, we will discuss the remaining issues for support of eDRX in CM-CONNECTED with RRC_INACTIVE and give our proposals. 
2 Discussion
Based on the RAN2 #107bis agreements, eMTC UEs in RRC_INACTIVE will monitor RAN initiated paging and CN initiated paging via I-RNTI and 5G-S-TMSI respectively. Further taken into account that UE should only monitor one PNB for these two kinds of pagings, we understand the same UE_ID should be used for PO and PNB calculation. As 5G-S-TMSI has already been used for PO, PF determination for eLTE, we think the 5G-S-TMSI can also be used as UE_ID for PO, PF and PNB calculation both for RAN initiated paging and CN initiated paging.

Proposal 1: 5G-S-TMSI is used for PO, PF and PNB calculation for both RAN initiated paging and CN initiated paging when eMTC UE connected to 5GC. 

In last meeting, there has discussion on whether Rel-15 WUS and Rel-16 Group WUS can be supported for eMTC UEs in RRC_INACTIVE but no consensus is achieved. If Rel-16 Group WUS would be supported, it needs to further consider how many UE-IDs would be enough for PO calculation. Considering that at most 16384 POs per cell can be configured in eMTC (e.g. 16 Paging NarrowBands are configured with defaultPagingCycle is set to rf256 and nB is set to fourT), and at most 32 WUS group per PO will be supported (e.g. at most 4 WUS resource and at most 8 WUS group per WUS resource), with reference to [3], we suggest that at most 16384*32=524288 UE_IDs should be supported. That means, 5G-S-TMSI mod 524288 would be used as the UE_ID for PO calculation for eMTC connection to 5GC.
Proposal 1a: 5G-S-TMSI mod 524288 is used as the UE_ID for PO calculation for eMTC UE connection to 5GC.

According to the current specification, for monitoring CN initiated paging, the DRX cycle of T takes the shorter value between the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information.

Observation 1: CN initiated paging should be monitored with the DRX cycle, which takes the shorter value between  the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information.

In the last meeting, there has an opinion that the short extended DRX cycle of 5.12s and 10.24s can be configured by ng-eNB, and the paging DRX cycle “T” for monitoring both the RAN paging and CN paging can be directly set to the value of short extended DRX cycle while UE is in RRC_INACTIVE (instead of selecting the shortest of the configured ones(e.g. the shortest value of the RAN paging cycle, the UE specific paging cycle, and the default paging cycle))[4]. It’s easy to find that if short extended DRX cycle of 5.12s or 10.24s is configured by ng-eNB, short extended DRX cycle would be always larger than the DRX cycle of CN initiated paging (e.g. the DRX cycle in observation 2). Thus, the CN initiated paging among each short extended DRX cycle would be missed.

Observation 2: If the paging DRX cycle “T” for monitoring both the RAN paging and CN paging is directly set to the value of short extended DRX cycle while UE is in RRC_INACTIVE, this paging DRX cycle “T” would be  longer than the DRX cycle of CN initiated paging and the CN paging would be missed.
Per our understanding, the more suitable way would be to differentially deal with the scenarios where eDRX is configured or not configured:

· If idle mode eDRX is configured for eMTC UE, the UE should monitor the CN initiated paging only during the PTW. Moreover, within PTW of eDRX, we still prefer that UE selects the shortest value among the RAN paging cycle, the UE specific paging cycle, and the default paging cycle, if allocated by upper layers as the paging DRX cycle “T” to monitor both CN initiated paging and RAN initiated paging. And outside the PTW of eDRX, UE only need to monitor the RAN paging by using the RAN paging cycle.
· If idle mode eDRX is not configured for eMTC UE, UE should monitor the CN initiated paging all the time. Similar as that operation during the PTW of eDRX, UE would selects the shortest value among the RAN paging cycle, the UE specific paging cycle, and the default paging cycle, if allocated by upper layers as the paging DRX cycle “T” to monitor both CN initiated paging and RAN initiated paging.
Proposal 2: In RRC_INACTIVE state, within PTW of eDRX or in the case that eDRX is not configured, UE would selects the shortest value among the RAN paging cycle, the UE specific paging cycle, and the default paging cycle, if allocated by upper layers as the paging DRX cycle “T” to monitor both CN initiated paging and RAN initiated paging.
Proposal 3: In RRC_INACTIVE state, outside the PTW of eDRX (if configured), UE only needs to monitor the RAN initiated paging by using the RAN paging cycle. 

Based on the proposals above, we provide the related example text proposal in appendix. 

3 Conclusions

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

Observation 1: CN initiated paging should be monitored with the DRX cycle, which takes the shorter value between  the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information.

Observation 2: If the paging DRX cycle “T” for monitoring both the RAN paging and CN paging is directly set to the value of short extended DRX cycle while UE is in RRC_INACTIVE, this paging DRX cycle “T” would be  longer than the DRX cycle of CN initiated paging and the CN paging would be missed.

Proposal 1: 5G-S-TMSI is used for PO, PF and PNB calculation for both RAN initiated paging and CN initiated paging when eMTC UE connected to 5GC. 

Proposal 1a: 5G-S-TMSI mod 524288 is used as the UE_ID for PO calculation for eMTC UE connection to 5GC.

Proposal 2: In RRC_INACTIVE state, within PTW of eDRX or in the case that eDRX is not configured, UE would selects the shortest value among the RAN paging cycle, the UE specific paging cycle, and the default paging cycle, if allocated by upper layers as the paging DRX cycle “T” to monitor both CN initiated paging and RAN initiated paging.
Proposal 3: In RRC_INACTIVE state, outside the PTW of eDRX (if configured), UE only needs to monitor the RAN initiated paging by using the 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 during the periodic Paging Time Window (PTW) if the UE operates in extended DRX in idle mode, 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, outside the periodic Paging Time Window (PTW) if UE operates in extended DRX in idle mode, 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.
5G-S-TMSI mod 524288, if P-RNTI is monitored on MPDCCH.
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>
