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Discussion
In RAN2#113bis e-meeting discussion, based on [1][2], RAN2 has had some discussion on the related issues of DRX cycle (T) determination for eMTC. RAN2 has agreed some intentions but some issues are still open. In the following section, we will further address these issues.
Issue #1: Optional RAN paging cycle in TS 36.331
In RAN2#113bis e-meeting discussion, companies have agreed the intention that for DRX cycle determination in RRC_INACTIVE, “if allocated by upper layers” would be applied to the UE specific paging cycle rather than to default paging cycle. But company further mentioned RAN paging cycle is also optional. If “if allocated by upper layers” would not be applied to RAN paging cycle, we may need some clarification, e.g., to add “if configured” for RAN paging cycle. Companies had sympathy with such suggestion. 
However, during phase 2 draft CR review, we further identify the related parameter is mandatory in XnAP interface. The absence of RAN paging cycle may cause ambiguity in RAN3 specification. Specifically to say, in TS 38.423, the Paging DRX is a “M” type IE, it can be interpreted as the RAN page cycle or the shortest of the RAN paging cycle and the UE specific paging cycle, if allocated by upper layer. In TS 38.331, the ran-PagingCycle IE is mandatory present for RRC_INACTIVE configuration, so there is not issue for NR. But in TS 36.331, the ran-PagingCycle IE is “OPTIONAL, --Need OR” type in RRC-InactiveConfig. Thus, if ran-PagingCycle IE is not configured by RRC and the UE specific paging cycle is not allocated by upper layer, how to set the Paging DRX IE in TS 38.423 for eMTC connected to 5GC would be unclear and need discussion.
Observation 1: If ran-PagingCycle IE is not configured by RRC (for eMTC connected to 5GC) and the UE specific paging cycle is not allocated by upper layer, ambiguity exists on how to set the Paging DRX IE in TS 38.423. 
The following solutions can be considered to address the above ambiguity:
· Solution 1: a default value for Paging DRX IE in TS 38.423 is defined.
· Solution 2: a default value for ran-PagingCycle IE in TS 36.331 is defined.
· Solution 3: It is specified in the ran-PagingCycle field description in TS 36.331 that “This field should be present in this release”.
If Solution 1 is used, gNB(s) except the anchor gNB may send paging to UE with the default value for RAN paging cycle, but UE cannot know this default value. So, the solution 1 is not preferred. 
For Solution 2, considering that the ran-PagingCycle IE is “OPTIONAL, --Need OR” type, it is not suitable to describe the UE behavior (e.g., to use default value) when the field is not present. So, Solution 2 is also not preferred. 
Therefore, for addressing ambiguity caused by inconsistent optional/mandatory between RAN2 and RAN3 specification, we prefer the Solution 3.

Furthermore, in the current TS 36.304, for eMTC, the DRX cycle(T) is determined by RAN paging cycle outside the PTW. If RAN paging cycle is not configured by RRC, how to determine the DRX cycle(T) outside the PTW should be discussed. Two options have been suggested in the last meeting during phase 2 CR review:
· Option 1: if the RAN paging cycle is not configured, outside the PTW, T is determined by the shortest of the UE specific paging cycle, if allocated by upper layers, and the default paging cycle.
· Option 2: if the RAN paging cycle is not configured, outside the PTW, UE does not monitor paging.
For the Option 1, since UE does not monitor CN paging outside the PTW, it seems not reasonable to use CN paging DRX to monitor RAN paging.
For the Option 2, if the eDRX cycle length outside PTW (e.g. the eDRX cycle length - PTW length) is larger than 10.24s, when signaling or data arrives at gNB outside the PTW, the gNB cannot initiate RAN paging timely, which may lead expiration of NAS timer. With reference to the following description TS 23.501, it’s easy to understand that the RAN cannot buffer the DL packets for too long time duration.
	TS 23.501:
……
For RAT types that support extended DRX for CM-CONNECTED with RRC Inactive state, the AMF passes the UE's accepted idle mode eDRX cycle length value to NG-RAN. If the UE supports eDRX in RRC inactive, based on its UE radio capabilities, NG-RAN configures the UE with an eDRX cycle in RRC-INACTIVE up to the value for the UE's idle mode eDRX cycle as provided by the AMF in "RRC Inactive Assistance Information" as defined in clause 5.3.3.2.5 or up to 10.24 seconds (whichever is lower).
If eDRX cycle is applied in RRC-INACTIVE, the RAN buffers DL packets up to the duration of the eDRX cycle chosen by NG-RAN.


Observation 2: If RAN paging cycle is not configured by RRC, there is no suitable option to determine the DRX cycle(T) outside the PTW. 
Therefore, for addressing the issue of RAN paging monitor outside the PTW, we also prefer the above Solution 3. With Solution 3, it’s no need to consider the case that RAN paging cycle is not configured In TS 36.304.
In summary, the following proposals are given:
Proposal 1a: It is specified in the ran-PagingCycle field description in TS 36.331 that “This field should be present in this release”.
Proposal 1b: In TS 36.304, it’s no need to consider the case that RAN paging cycle is not configured.
The related change for proposal 1a can be found in draft CR [4].

Issue #2: Inconsistent paging resources determination between UE and NW
As mentioned in [1], according to the following description in TS 36.304, it can be seen DRX cycle (T) is involved in the calculation of PF, i_s, PNB and wg (index of the WUS group) for WUS:
	TS 36.304
…………………………………………………………………
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
………………………………………………………………………………………
For BL UE or UE in enhanced coverage, the UE determines wg with following equation:

where:
-	UE_ID, N, Ns, Nn and W are defined in clause 7.1.
-	Nw is the number of WUS groups in the selected WUS group set.
-	wg is the index of the WUS group in the selected WUS group set, determined as defined in clause 7.5.2, 0 .. Nw-1.
………………………………………………………………………………………
-	T: DRX cycle of the UE.
……
-	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)


Moreover, based on some previous discussion, we know UE in RRC_INACTIVE is also required to monitor CN paging (that also means gNB may send CN paging to such UE in RRC_INACTIVE). In the discussion for CR[R2-2102159], RAN2 has had such agreement that“UE in RRC_INACTIVE needs to monitor CN and RAN paging in the same paging narrowband” and also agreed a solution to guarantee UE in RRC_INACTIVE and UE in IDLE can determine a same narrowband by modulo same number of paging narrow bands. Now we further realize, as determination rule of DRX cycle(T) for RRC_IDLE is different from that for RRC_INACTIVE, the  T values may be different for UE in RRC_IDLE and RRC_INACTIVE, and T is involved in the calculation of PNB, it’s still possible that PNB calculation for RRC_IDLE is different from PNB calculation for RRC_INACTIVE. Finally, it would cause that UE in RRC_INACTIVE uses different PNB to monitor CN paging from that used by network. That may further cause paging failure.
Observation 3a: As determination rule of DRX cycle(T) for RRC_IDLE is different from that for RRC_INACTIVE, and as T is involved in the calculation of PNB, it’s possible that PNB calculation for RRC_IDLE is different from PNB calculation for RRC_INACTIVE. Such difference would cause determined PNB for monitoring/sending CN paging are different for UE and network and further cause paging failure.
With same reason, it can be understand similar issue might exist for PF, i_s. Moreover, based on roughly quantitative analysis, we think the issues for PNB, PF, i_s and wg are a bit different, as following:
· The PF values calculated based on the DRX cycle(T) which is determined by RRC_INACTIVE mode rule can contain the PF values calculated based on the DRX cycle(T) which is determined by RRC_IDLE mode rule. Therefore, UE in RRC_INACTIVE can monitor paging on all the PFs which are used by network to send paging. Then there is no PF inconsistence and paging failure issue.
· It’s very likely the PNB, i_s values calculated based on the DRX cycle(T) which is determined by RRC_INACTIVE mode rule are different from the PNB, i_s values calculated based on the DRX cycle(T) which is determined by RRC_IDLE mode rule. So we confirm the issues in Observation 2 exist for PNB, i_s.
As WUS is not supported for RRC_INACTIVE, even DRX cycle (T) is involved in the calculation of wg, we assume there is no issue for wg determination.
Observation 3b: With similar reason, the issue in Observation 2 also exists for i_s.
Observation 3c: The PFs calculation corresponding to RRC_IDLE mode do overlap with PFs for RRC_INACTIVE state. Then there is no issue for PF calculation. As WUS is not supported for RRC_INACTIVE, it’s also no issue for wg.
In the following table, we give an example to show such inconsistence (Just arbitrarily choose a kind of typical configuration):
Common assumption: 
· RAN paging cycle = rf32
· UE specific DRX value = rf64
· Default paging cycle = rf128
· nB=4T
· Paging Narrowband Numbe (Nn) =3
· GWUS group number (Nw) =5
· UE_ID = 1234
	Calculation following RRC_IDLE rule
	PF: 18, 82, 146, 210, 274, 338, 402, 466, 530, 594, 658, 722, 786, 850, 914, 978
i_s = floor(UE_ID/N) mod Ns = floor(1234/64) mod 4=19 mod 4 =3
PNB = floor(UE_ID/(N*Ns)) mod Nn =floor(1234/(64*4)) mod 3=4 mod 3 =1 

	Calculation following RRC_INACTIVE rule
	PF: 18, 50, 82, 114, 146, 178, 210, 242, 274, 306, 338, 370, 402, 434, 466, 498, 530, 562, 594, 626, 658, 690, 722, 754, 786, 818, 850, 882, 914, 946, 978, 1010 
i_s = floor(UE_ID/N) mod Ns = floor(1234/32) mod 4=38 mod 4 =2
PNB = floor(UE_ID/(N*Ns)) mod Nn =floor(1234/(32*4)) mod 4=9 mod 3 =0 

	It can be seen the PF values calculated following RRC_INACTIVE rule contains the PF values calculated following RRC_IDLE rule. But the PNB, i_s values calculated following RRC_INACTIVE rule are totally different from the values calculated following RRC_IDLE rule.



In RAN2#113bis discussion, companies has mentioned that the issue with i_s calculation is from Release 15 hence impacts eLTE. Therefore, changes to i_s needs to be discussed in LTE/NR session than just eMTC session. Moreover, some companies think if i_s calculation issue is fixed for eLTE then it also applies to eMTC. However, after further thinking, we have a bit different view. In NR and eLTE, only i_s calculation has this issue. It may be tolerable with some special configuration. But in eMTC, the PNB calculation have more serious problem, e.g., whatever the nB value is, the PNB for UE in RRC_INACTIVE may be different from that in RRC_IDLE. So, eMTC should deal with this paging resources determination issue even NR and eLTE does not agree anything.
Proposal 2a: eMTC should deal with this paging resources determination issue even NR and eLTE does not agree anything.
The following solutions can be considered to address the issues described above:
· Solution 1: UE monitor the paging resources for both RAN paging and CN paging, in case RAN and CN paging resources are not overlapped.
· Solution 2: UE in RRC_INACTIVE should use the same rules as for RRC_IDLE to determine the paging resources (with Observation 3c, this is not applicable to PF calculation).
Solution 1 is obviously too power-consuming for UE. Solution 2 seems to be a compromise with both UE power consumption and NW implementation complexity taken into consideration. 
Proposal 2b: To separately describe PF calculation and PNB, i_s calculation for UE in RRC_INACTIVE. The legacy description is still applicable PF calculation. But PNB, i_s calculation should follow RRC_IDLE mode rule.
Specifically, there are two implementation alternatives for proposal 2b. One is focus on clarification for paging resources calculation (Alt1), the other is focus on clarification for DRX cycle (T) (Alt2). These two alternatives can be found in [5][6]. 

Issue #3: Clarification on general description for paging monitoring
In current TS 36.300, the paging monitoring description does not explicitly differentiate UE in RRC_IDLE and UE in RRC_INACTIVE, which may lead misunderstanding that UE does not monitor paging outside the PTW for UE in RRC_INACTIVE. 
Proposal 3a: To differentiate the paging monitoring description for UE in RRC_IDLE and UE in RRC_INACTIVE.
Moreover, in section 7.3 in TS 36.304, only NAS identity has been mentioned, that may also lead misunderstanding that UE only monitor CN paging for UE in RRC_INACTIVE.
Proposal 3b: To clarify a paging message including the UE's AS identity is also received by UE in RRC_INACTIVE.
The related change can be found in [7] and section 7.3 in [5] or [6].

Issue #4: Issues and suggestions for RAN3
[bookmark: OLE_LINK1]In RAN2#113bis meeting discussion, based on [1][3], more companies think LS to RAN3 is needed. Even some contributions have been submitted to the upcoming RAN3 meeting, we still think clarification/requirements from RAN2 needs to be delivered to RAN3. Based on this, RAN3 can clearly decide whether and how to make corresponding changes.
The following comments are provided during the discussion in last RAN2 meeting:
The following is what needs to be conveyed to RAN3 and let RAN3 decide how to make the necessary information available in the paging RAN.
·  When sending CN paging to UE then paging RAN only needs to know the idle mode T. In this case UE could be in RRC_INACTIVE or RRC_IDLE.
·  When sending RAN paging to UE in RRC_INACTIVE then paging RAN needs to know both the idle mode T and RRC_INACTVIE mode T because in this case paging RAN would use the RRC_INACTIVE mode T for PF calculation and RRC_IDLE mode T for i_s (eLTE & eMTC), PNB (eMTC) and WG (eMTC) calculation.

As proponent company, we agree with the intention of the above comments. But we still think the above comment is much relevant to specific solution (e.g., the description about idle mode T and RRC_INACTVIE mode T may be too specific). We’d better indicate suggestion to RAN3 as general as possible. 
Proposal 4: Send LS to RAN3 to indicate that other ng-eNB(s) (except the anchor ng-eNB) in the RAN paging area needs the separate information about the UE eDRX cycle, possible UE specific DRX cycle and the used RAN paging cycle. If not, other ng-eNB(s) cannot calculate the correct value for PNB, PF, i_s and paging would be failed.
The draft LS in [8] can be further discussed. 

Conclusions
In this contribution, we make the following observations proposals:
Observation 1: If ran-PagingCycle IE is not configured by RRC (for eMTC connected to 5GC) and the UE specific paging cycle is not allocated by upper layer, ambiguity exists on how to set the Paging DRX IE in TS 38.423. 
Observation 2: If RAN paging cycle is not configured by RRC, there is no suitable option to determine the DRX cycle(T) outside the PTW. 
Observation 3a: As determination rule of DRX cycle(T) for RRC_IDLE is different from that for RRC_INACTIVE, and as T is involved in the calculation of PNB, it’s possible that PNB calculation for RRC_IDLE is different from PNB calculation for RRC_INACTIVE. Such difference would cause determined PNB for monitoring/sending CN paging are different for UE and network and further cause paging failure.
Observation 3b: With similar reason, the issue in Observation 2 also exists for i_s.
Observation 3c: The PFs calculation corresponding to RRC_IDLE mode do overlap with PFs for RRC_INACTIVE state. Then there is no issue for PF calculation. As WUS is not supported for RRC_INACTIVE, it’s also no issue for wg.

Proposal 1a: It is specified in the ran-PagingCycle field description in TS 36.331 that “This field should be present in this release”.
Proposal 1b: In TS 36.304, it’s no need to consider the case that RAN paging cycle is not configured.

Proposal 2a: eMTC should deal with this paging resources determination issue even NR and eLTE does not agree anything.
Proposal 2b: To separately describe PF calculation and PNB, i_s calculation for UE in RRC_INACTIVE. The legacy description is still applicable PF calculation. But PNB, i_s calculation should follow RRC_IDLE mode rule.

Proposal 3a: To differentiate the paging monitoring description for UE in RRC_IDLE and UE in RRC_INACTIVE.
Proposal 3b: To clarify a paging message including the UE's AS identity is also received by UE in RRC_INACTIVE.

Proposal 4: Send LS to RAN3 to indicate that other ng-eNB(s) (except the anchor ng-eNB) in the RAN paging area needs the separate information about the UE eDRX cycle, possible UE specific DRX cycle and the used RAN paging cycle. If not, other ng-eNB(s) cannot calculate the correct value for PNB, PF, i_s and paging would be failed.
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