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Discussion
2.1 Issue #1:
In TS 36.304[1], the DRX cycle(T) for paging is specified as following:
	[bookmark: _Toc29237941][bookmark: _Toc46499546][bookmark: _Toc52492278][bookmark: _Toc37235840][bookmark: _Toc60911205]7.1	Discontinuous Reception for paging
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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. In RRC_INACTIVE state, if extended DRX is not configured by upper layers as defined in 7.3, 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. Otherwise, in RRC_INACTIVE state when extended DRX is configured by upper layers, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, if allocated by upper layers and the default paging cycle during the PTW as defined in 7.3, and by the RAN paging cycle outside the PTW.
//SKIP THE UNRELATED PART//


As we know, the default paging cycle is always provided, and the UE specific paging cycle is optionally allocated by upper layers. So, “if allocated by upper layers” should apply to the UE specific paging cycle. There is a correct example in the previous text, e.g., “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”. We think this might be just an editorial error when introducing this part specification change for UE in RRC_INACTIVE.
Proposal 1: To agree the editorial change to TS 36.304 as following:
 “……In RRC_INACTIVE state, if extended DRX is not configured by upper layers as defined in 7.3, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, if allocated by upper layers and the default paging cycle, if allocated by upper layers. Otherwise, in RRC_INACTIVE state when extended DRX is configured by upper layers, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, if allocated by upper layers and the default paging cycle during the PTW as defined in 7.3, and by the RAN paging cycle outside the PTW.”

2.2 Issue #2:
In RRC_IDLE, if a UE specific extended DRX value of 512 radio frames is configured, T is always equals to 512. That means neither PTW (Paging Time Window) nor default DRX cycle/UE specific cycle would be applied to T determination. This can be seen as a special case and the intention of such T determination is to try to make use of the half HSN value of the extended DRX cycle. We can see such special process hasn’t been considered for the RRC_INACTIVE case. 
Observation 1: In RRC_IDLE, the half HSN value of the extended DRX cycle has special process, e.g., PTW would not be applied and T is always equals to 512. Such special process hasn’t been considered for the RRC_INACTIVE case.
We think the similar special process for the half HSN value of the extended DRX cycle also need to be considered for the RRC_INACTIVE case, e.g., PTW would not be applied and cycle of 512 radio frames is always used. Moreover, as RAN paging cycle would be additionally considered in RRC_INACTIVE, the final T should be min (RAN paging cycle, 512).
Proposal 2: For UE in RRC_INACTIVE, if extended DRX value of 512 radio frames is configured by upper layers according to 7.3, T is determined by the shortest of the RAN paging cycle and 512 radio frames.

2.3 Issue #3:
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 2: 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 and wg for WUS. Moreover, based on roughly quantitative analysis, we think the issues for PNB, PF, i_s and wg are a bit different, as following:
· [bookmark: _GoBack]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 and wg values calculated based on the DRX cycle(T) which is determined by RRC_INACTIVE mode rule are different from the PNB, i_s and wg 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 and wg.
Observation 3: With similar reason, the issue in Observation 2 also exists for i_s and 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 
=floor(floor(1234/(64*4)) /3) mod 5 =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 
=floor(floor(1234/(32*4)) /3)mod5 =3

	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 and wg values calculated following RRC_INACTIVE rule are totally different from the values calculated following RRC_IDLE rule.


The straightforward way to resolve this issue is that, if UE needs to monitor CN paging in RRC_INACTIVE, for PNB, i_s and wg calculation, the DRX cycle T determination should follow the RRC_IDLE mode rule. For example, if eDRX cycle is not configured, T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value.
Proposal 3: To separately describe DRX cycle T determination for PF calculation and for PNB, i_s and wg calculation. The legacy description is still applicable to DRX cycle T determination for PF calculation. But for PNB, i_s and wg calculation, the DRX cycle T determination should follow RRC_IDLE mode rule. E.g.:
· If extended DRX is not configured, T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value.
· If extended DRX is configured, T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value during the PTW as defined in 7.3, and by the RAN paging cycle outside the PTW. 
Based on the Proposal 1, Proposal 2 and Proposal 3, we provide the related CR in [4].

2.4 Issue #4:
As the value range of RAN paging cycle is [rf32, rf64, rf128, rf256, rf512, rf1024], the value range of UE specific paging cycle and the default paging cycle are is [rf32, rf64, rf128, rf256], it is possible that the RAN paging cycle is larger than the shortest of (the UE specific paging cycle, and the default paging cycle).
According to the description in TS 36.304, if extended DRX is configured, the UE specific paging cycle is allocated by upper layers and if the RAN paging cycle is larger than the shortest of (the UE specific paging cycle, the default paging cycle), the UE will monitor paging with different DRX cycle (T) value during the PTW and outside the PTW. This can be seen in the following Figure 1, here the RAN paging cycle =rf512, the default paging cycle=rf256, the UE specific paging cycle=rf128:
· During the PTW, DRX cycle (T) = the shortest of (the RAN paging cycle, the UE specific paging cycle, the default paging cycle) = rf128.
· Outside the PTW, DRX cycle (T) = the RAN paging cycle = rf512.
[image: case 3]
Figure 1: DRX cycle (T) during the PTW and outside the PTW
Observation 4: If extended DRX is configured, the UE specific paging cycle is allocated by upper layers and the RAN paging cycle is larger than the shortest of (the UE specific paging cycle, the default paging cycle), the UE will monitor paging with different DRX cycle (T) value during the PTW and outside the PTW.
Moreover, in RAN2 specification, for DRX cycle (T) determination, only UE behavior is described. eNB should follow the same behavior. e.g.:
· When eNB receives CN initiated paging for an eMTC UE, it cannot differentiate whether the UE is in RRC_IDLE or RRC_INACTIVE state. It will usually assume that the UE is in RRC_IDLE and determine the DRX cycle (T) based on the UE specific eDRX and/or UE specific DRX provided in the NGAP PAGING. Since eNB only sends CN paging during the PTW, the DRX cycle T used for CN paging transmission by ng-eNB is the same as the DRX cycle T used for CN paging reception by UE.
· When eNB needs to send RAN initiated paging, eNB can clearly know that the eMTC UE is in RRC_INACTIVE, and can follow the DRX cycle determination for UE in RRC_INACTIVE state. 
To determine the DRX cycle T for UE in RRC_INACTIVE, the paging ng-eNB should know the Paging eDRX information (e.g. to determine the PTW time position), the shortest of (the UE specific paging cycle, the default paging cycle) and the RAN paging cycle.
And since Paging eDRX Information and UE specific paging cycle can be included in Core Network Assistance Information for RRC INACTIVE IE [3], the anchor ng-eNB can always acquire enough information and follow the same behavior as UE in all the cases above. 
But for other ng-eNB(s) (except the anchor ng-eNB) in the RAN paging area, since currently only one DRX parameter (e.g. Paging DRX IE) is included in RAN PAGING message [5], there is no way for the other ng-eNB(s) to acquire enough information, e.g., to know whether extended DRX is configured and how the other parameters are configured for this UE. Therefore, the other ng-eNB(s) cannot follow same behavior as the UE. 

In order to address this issue, from RAN2 perspective, we think at least whether extended DRX is configured for this UE should be indicated to the other ng-eNB(s).
Moreover, in RAN3, there are two different interpretation for the DRX parameter (e.g. Paging DRX IE) included in RAN PAGING message and there is also thought that ng-eNB can anyway handle this. Per our understanding, no matter which interpretation the other ng-eNB would assume, there are problems and the other ng-eNB(s) still needs to acquire other information by some ways. The summary can be seen in the following table:
	Interpretation for Paging DRX IE in RAN PAGING message
	Potential issues
	Other information needed

	RAN paging cycle
	Taking the example in Figure 1, if eDRX is configured, during PTW, the UE will use rf128 as DRX cycle (T) while the ng-eNB may have to use the rf256 as T (e.g., the shortest one of (the RAN paging cycle, the default paging cycle)). Such inconsistence between UE and the other ng-eNB(s) would cause unnecessary RAN paging latency during PTW and also UE power consumption.
	The extended DRX parameter, if configured.
And the shortest of the RAN paging cycle and UE specific DRX

	The shortest of the RAN paging cycle and UE specific DRX
	The ng-eNB cannot know explicitly RAN paging cycle information which need to be used independently outside the PTW. If eDRX is configured, the ng-eNB may have to directly use this Paging DRX IE outside the window. At the same time, the UE would use RAN paging cycle.
Such inconsistence between UE and the other ng-eNB(s) would cause RAN paging lost outside the PTW as ng-eNB’s cycle is shorter than UE’s cycle.
	The extended DRX parameter, if configured.
And UE specific DRX


Furthermore, based on the Proposal 3, in order that other ng-eNB(s) (except the anchor ng-eNB) can correctly calculate PNB, i_s and wg, they also needs to acquire the Paging eDRX information, UE specific DRX cycle and RAN paging cycle information separately via the RAN PAGING message.
So, it is necessary to send LS to RAN3 to ask clarification on the meaning/usage of the Paging DRX IE in RAN PAGING message, mention that the current Paging DRX information is not enough for other ng-eNB(s) (except the anchor ng-eNB) in the RAN paging area to perform same DRX cycle T determination as UE, and further ask provision of the paging eDRX information, UE specific DRX and RAN paging cycle separately in the RAN PAGING message.
Proposal 4: Send LS to RAN3 to indicate that the meaning of Paging DRX in RAN PAGING message is not clear and it is also not enough for other ng-eNB(s) (except the anchor ng-eNB) in the RAN paging area to perform same DRX cycle T determination as UE.
Proposal 4a: In the LS to RAN3, RAN2 asks provision of the following information in RAN PAGING message:
· Paging eDRX information
· UE specific DRX
· RAN paging cycle.
[bookmark: OLE_LINK1]Based on Proposal 4 and 4a, we provide the draft LS to RAN3 in [6].

Conclusions
In this contribution, we make the following observations proposals:
Observation 1: In RRC_IDLE, the half HSN value of the extended DRX cycle has special process, e.g., PTW would not be applied and T is always equals to 512. Such special process hasn’t been considered for the RRC_INACTIVE case.
Observation 2: 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 3: With similar reason, the issue in Observation 2 also exists for i_s and wg.
Observation 4: If extended DRX is configured, the UE specific paging cycle is allocated by upper layers and the RAN paging cycle is larger than the shortest of (the UE specific paging cycle, the default paging cycle), the UE will monitor paging with different DRX cycle (T) value during the PTW and outside the PTW.

Proposal 1: To agree the editorial change to TS 36.304 as following:
 “……In RRC_INACTIVE state, if extended DRX is not configured by upper layers as defined in 7.3, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, if allocated by upper layers and the default paging cycle, if allocated by upper layers. Otherwise, in RRC_INACTIVE state when extended DRX is configured by upper layers, T is determined by the shortest of the RAN paging cycle, the UE specific paging cycle, if allocated by upper layers and the default paging cycle during the PTW as defined in 7.3, and by the RAN paging cycle outside the PTW.”
Proposal 2: For UE in RRC_INACTIVE, if extended DRX value of 512 radio frames is configured by upper layers according to 7.3, T is determined by the shortest of the RAN paging cycle and 512 radio frames.
Proposal 3: To separately describe DRX cycle T determination for PF calculation and for PNB, i_s and wg calculation. The legacy description is still applicable to DRX cycle T determination for PF calculation. But for PNB, i_s and wg calculation, the DRX cycle T determination should follow RRC_IDLE mode rule. E.g.:
· If extended DRX is not configured, T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value.
· If extended DRX is configured, T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value during the PTW as defined in 7.3, and by the RAN paging cycle outside the PTW. 

Proposal 4: Send LS to RAN3 to indicate that the meaning of Paging DRX in RAN PAGING message is not clear and it is also not enough for other ng-eNB(s) (except the anchor ng-eNB) in the RAN paging area to perform same DRX cycle T determination as UE.
Proposal 4a: In the LS to RAN3, RAN2 asks provision of the following information in RAN PAGING message:
· Paging eDRX information
· UE specific DRX
· RAN paging cycle.
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