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1. Introduction
This discussion paper focuses on for what case and why it is necessary for an NG-RAN node (or its DU part) to calculate eDRX Paging Time Window (PTW) when paring a UE in RRC_INACTIVE state, and what information is needed for such calculation.
2. Discussion
2.1. [bookmark: OLE_LINK78][bookmark: OLE_LINK79]Background: how paging works if no PTW
As specified in Section 7.1 of TS 38.304/36.304, the UE may use Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE state in order to reduce power consumption. The UE monitors one paging occasion (PO) per DRX cycle. Ordinarily NG-RAN only expects UEs to monitor these POs, and thus paging indications (if any) are only sent on these POs.
The (periodicity of) DRX cycle of ordinary DRX—as well as eDRX without PTW—has been well-presented in RAN3, and it is well-known that the real DRX cycle used by a given UE is the shortest one among the one broadcast in SIB and the one(s) configured by dedicated signalling if any. There is no gap in RAN3 specs for supporting this feature.
The method on selecting PO within a DRX cycle is well-presented in RAN3 too. In TS 38.304/36.304 the selection method is represented by an index “i_s”, whose value depends on the least significant bits (LSBs) of 5G-S-TMSI, unfortunately a DRX cycle, as well as some other factors.
The initial design was that the DRX used in calculating i_s was the DRX cycle actually used by the UE. But later we found a bug that RRC_INATIVE UE may miss all CN paging if the DRX cycle configured by the last serving node is shorter than the one broadcast in the camped node and the one configured by the CN if any, just because the i_s used by the UE—calculated according to the DRX cycle configured by the last serving node—may be different with the i_s used by the network.
The only reasonable network implementation seems to be that, if CN configures a DRX cycle, the last serving node configures the RAN DRX cycle not smaller than the CN DRX cycle; if CN does not configure a DRX cycle, the last serving node configures the RAN DRX cycle as the maximum possible value of the default DRX cycle that can be broadcast in SIB. All of these are only for disabling the feature RAN DRX cycle, which is of course suboptimal and against our motivation.
We made quite some effort on fixing this bug, and eventually a Rel-17 CR is passed in RAN2, specifying that the UEs should always use the DRX cycle for receiving CN paging to calculate i_s in some cases. Nevertheless, this patch is not mandatory in use due to backward-compatibility. The eventual description in TS 38.304/36.304 is (following is the one in TS 38.304; the wording in TS 36.304 is different but the meaning is the same):
	In RRC_INACTIVE state, if the UE supports inactiveStatePO-Determination and the network broadcasts ranPagingInIdlePO with value "true", the UE shall use the same i_s as for RRC_IDLE state. Otherwise, the UE determines the i_s based on the parameters and formula above.



If such criterion is not met (i.e. either the UE or the network is not willing to use the new feature), the implementation described above has to be used.
Observation 1: We have acknowledged that paging message will be missed if the network and the UE uses different DRX cycle to calculate the index i_s (which indicates which PO should be monitored within a DRX cycle), and have made quite some effort on specs to prevent it from occurring.
It should have solved every problem, but unfortunately again, there is another feature: eDRX PTW.
2.2. Why PTW matters
PTW, configured by the CN, is not a new feature. It is already there for E-UTRA when we introduced the RRC_INACTIVE state in Rel-15 and allowed their co-existence in Rel-16—along with yet another bug.
Let’s see how PTW infects i_s in E-UTRA (quoted from Section 7.1 of TS 36.304):
	The following Parameters are used for the calculation of the PF, i_s, PNB, wg, and the NB-IoT paging carrier:
-	T: DRX cycle of the UE.
///////////////////////////////////////////skip unrelated///////////////////////////////////////////
In RRC_INACTIVE state if extended DRX is configured by upper layers according to 7.3:
-	///////////////////////////////////////////skip unrelated///////////////////////////////////////////
-	If a UE specific extended DRX value other than 512 radio frames is configured:
-	During the PTW, T is determined by the shortest of the RAN paging cycle, if configured, the UE specific paging cycle, if allocated by upper layers, and the default paging cycle. Outside the PTW, T is determined by the RAN paging cycle, if configured.



That is to say, the index i_s within the PTW may be different from the one outside the PTW if the minimum of the three does not equals to the RAN paging cycle. What makes the situation even worse is that, if the Rel-17 new feature described in Section 2.1 above is not used (e.g. the UE is a Rel-16 one), the last serving node (as analysed above) has to configure the RAN paging cycle as a large enough value in order to prevent the bug of missing CN paging—and this “large enough value” can easily exceed the default paging cycle broadcast in the current serving cell. The result is that, the last serving node has no way to prevent the case of “i_s in PTW ≠ i_s outside PTW” from happening.
eDRX—along with PTW—was introduced in to NR as well in Rel-17. The case in NR is not much better than in E-UTRA:
	The following parameters are used for the calculation of PF and i_s above:
T: DRX cycle of the UE.
///////////////////////////////////////////skip unrelated///////////////////////////////////////////
In RRC_INACTIVE state, if eDRX is configured by RRC, i.e., TeDRX, RAN , and/or upper layers, i.e., TeDRX, CN, as defined in clause 7.4:
-	///////////////////////////////////////////skip unrelated///////////////////////////////////////////
-	If TeDRX, CN is longer than 1024 radio frames:
-	If TeDRX, RAN is not configured:
-	During CN configured PTW, T is determined by the shortest of the UE specific DRX value (s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information. Outside the CN configured PTW, T is determined by the UE specific DRX value configured by RRC;
-	else if TeDRX, RAN is no longer than 1024 radio frames:
-	During CN configured PTW, T is determined by the shortest of the UE specific DRX value, if configured by upper layers and TeDRX, RAN, and a default DRX value broadcast in system information. Outside the CN configured PTW, T is determined by TeDRX, RAN.
///////////////////////////////////////////skip unrelated///////////////////////////////////////////
In RRC_INACTIVE state, if the UE supports inactiveStatePO-Determination and the network broadcasts ranPagingInIdlePO with value "true", the UE shall use the same i_s as for RRC_IDLE state. Otherwise, the UE determines the i_s based on the parameters and formula above.
///////////////////////////////////////////skip unrelated///////////////////////////////////////////
In RRC_INACTIVE state, if eDRX value configured by upper layers is longer than 1024 radio frames, during CN PTW, the UE shall use the same i_s as for RRC_IDLE state.



For NR, the DRX value used to calculate i_s is the minimum of two (the one configured by CN and the one broadcast in the current serving cell) within the PTW, and is the RAN (e)DRX cycle outside the PTW if the current serving cell did not use the Rel-17 new feature described in Section 2.1 above. The problem exists as well.
Observation 2: It is a normal case that “i_s in PTW ≠ i_s outside PTW” for RRC_INACTIVE UEs, and in some cases the network has no way to prevent it from happening.
So according to RAN2 specs, the NG-RAN should use one i_s value within the PTW, and use another i_s value outside the PTW when paging such RRC_INACTIVE UEs.
And in order to perform this, the NG-RAN should know when PTWs start and when PTWs end.
PTWs—similar to POs—occur periodically, as specified in Section 7.4 of TS 38.304 or Section 7.3 of TS 36.304.
Its periodicity is indicated by the eDRX cycle itself—there is such IE within RAN3 specs, so NG-RAN knows it.
Its length is indicated by a dedicated IE—there is such IE within RAN3 specs, so NG-RAN knows it as well.
Its start point is calculated by a formula whose inputs include a value “UE_ID_H”, which is eventually hashed from the 32 LSBs of 5G-S-TMSI (there is no other input in hashing).
But NG-RAN does not know this: the CN neither provides UE_ID_H nor provides the 32 LSBs of 5G-S-TMSI toward NG-RAN for CM_CONNECTED UEs!
Observation 3: NG-RAN lacks enough information to determine the start point of PTW.
Therefore, RAN3 specs should be enhanced in order to support delivering either information.
2.3. UE_ID_H or 32 LSBs of 5G-S-TMSI
The next question is which one to deliver, the UE_ID_H or 32 LSBs of 5G-S-TMSI.
The definition of 32 LSBs of 5G-S-TMSI is clear—and we have already introduce an IE to deliver the 16 LSBs of 5G-TMSI, e.g. Section 9.3.3.52 of TS 38.413:
	[bookmark: _Toc64446516][bookmark: _Toc73982386][bookmark: _Toc88652476][bookmark: _Toc97891520][bookmark: _Toc99123702][bookmark: _Toc99662508][bookmark: _Toc105152586][bookmark: _Toc105174392][bookmark: _Toc106109390]9.3.3.52	Extended UE Identity Index Value
This IE is used by the NG-RAN node to calculate the Paging Frame and Paging Occasion as specified in TS 36.304 [29], the Paging Frame and Paging Occasion for eDRX and the UE_ID based subgroup ID as specified in TS 38.304 [12].
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Extended UE Identity Index Value
	M
	
	BIT STRING (SIZE(16))
	






The motivation of this introduction includes many aspects, such as UE_ID based subgrouping. How many LSBs is needed varies among scenarios and usages, spanning from 11bits to 15bits. For simplicity, we define the IE delivered among NG-RAN network interfaces as a universal 16 LSBs (contrary to the complex choice structure used in E-UTRAN).
But raising the length from 16 to 32 is different from raising it from 11 to 16. We may expect some opposition from SA3 citing privacy issue.
Another direction is to deliver the UE_ID_H instead. But like the case for LSBs of 5G-S-TMSI, the length of UE_ID_H also varies among scenarios: for E-UTRA its length is 10 or 12, while for NR its length is 13.
Fortunately, UE_ID_Hs—regardless of scenarios—are always truncated from a 32 bit intermediate string called “Hashed_ID”, defined as the MSBs of it. And the generation of Hashed_ID is entirely the same for all of the three scenarios.
Just like what we did for LSBs of 5G-S-TMSI, we can introduce into RAN3 specs an IE indicating the 13 MSB of that Hashed_ID.
Regardless of which option is adopted, the new IE should be introduced into NGAP (CN assistance info for Inactive), XnAP (RAN paging) and F1AP. (Change on W1AP is not proposed, as eDRX is not supported over W1AP yet.)
Proposal: We propose RAN3 to introduce either IEs into NGAP, XnAP, and F1AP in order to solve the abovementioned problem:
-	Option 1: 32 LSBs of 5G-S-TMSI;
-	Option 2: 13 MSBs of Hashed_ID (defined in TS 36.304/TS 38.304).
Our preference is Option 2.
3. Conclusion
Proposal: We propose RAN3 to introduce either IEs into NGAP, XnAP and F1AP in order to solve the abovementioned problem:
-	Option 1: 32 LSBs of 5G-S-TMSI;
-	Option 2: 13 MSBs of Hashed_ID (defined in TS 36.304/TS 38.304).
Our preference is Option 2.
Based on the proposal, we draft 6 CRs [1–6].
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