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Introduction

In the last RAN3-97bis meeting, several companies [1][2][3] have discussed the appropriate S1-AP procedure for successful paging of CE-capable UEs after idle-mode mobility from 2/3G based on SA2 LS [4] and have agreed WF proposed in [5]:
WA: For idle mode mobility from 2G/3G, select solution 1C (to page the UE in both CE paging channel and normal paging channel in case the S1 PAGING includes neither the “UE Radio Capability for Paging” nor the “Assistance Data for Paging”.
WA: For idle mode mobility from RAN areas where the RAN did not provide “UE Radio Capability for Paging” to MME, inter-MME case, select solution 1C (see above).
WA: For idle mode mobility from RAN areas where the RAN did not provide “UE Radio Capability for Paging” to MME, intra-MME case, the issue can be avoided by having homogeneous support in the pool area

In this contribution, we provide some analysis between the solution selected in the working assumptions above and the solution endorsed in the SA2 LS [4], based on which we propose to adopt the latter relying on the standalone UE Radio Capability Match procedure in TS 23.401 [6].
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Discussion

In the last RAN3-97bis meeting, the Solution 1C in the Way Forward [5] is selected as working assumptions. The Solution 1C suggests to page the UE in both CE paging channel and normal paging channel in case that the S1 DL Paging message includes neither the “UE Radio Capability for Paging” nor the “Assistance Data for Paging”, which happens for an idle UE after inter-RAN reselection to LTE (where MME does not have the UE capability information). 

Of course, the UE may be in normal or enhanced coverage after inter-RAT reselection to LTE. Thus, if NW does not have enough information about which channel to page over (PDCCH in normal paging channel or mPDCCH in CE paging channel), then simply paging over both channels until the NW receives the capability information from the UE may work.

Observation 1: The current WA (Solution 1C) to page the UE over both normal and CE paging channels until the NW receives the capability information from the UE works to the problem stated in the SA2 LS.
However, the Solution 1C has impact on radio interface, especially to Cat-M UEs who monitor mPDCCH only. Many Cat-M IoT devices are roaming and paging over normal PDCCH for these devices will incur huge waste of radio resources, considering that paging is performed by all eNBs within the TAs assigned. 

Observation 2: The current WA (Solution 1C) has impact on radio resources, especially to Cat-M UEs who monitor mPDCCH only, for which paging over normal PDCCH is useless and will incur huge waste of radio resources, considering that many IoT devices are roaming and paging is performed by all eNBs within the TAs assigned.

Moreover, the main cause of the problem is because of no UE radio capability information in the MME. The direct way to resolve the problem would be to trigger the UE radio capability report toward the MME, as no more paging issue will exist once MME has this missing information. The solution endorsed in the SA2 LS [4] (Solution #3) directly tackles this part and proposes to use the dedicated UE Radio Capability Match Request procedure to trigger such radio capability report before UE is going back to Idle after the first TAU. The Solution 1C (the current WA) also relies on this UE radio capability report to the MME but triggered by the Initial Context Setup procedure later. In a nutshell, both solutions relies on the UE radio capability report to the MME. However, the Solution 1C only has potentially huge impact on radio resources.

Observation 3: The main cause of the problem is no UE radio capability information in MME, where both Solution 1C and Solution #3 (endorsed in SA2 LS) rely on the UE radio capability report to the MME. But Solution 1C may have huge impact on radio resources but Solution #3 does not.

Furthermore, the UE Radio Capability Match procedure (as defined in TS 23.401[6]) is a standalone procedure. This procedure is typically used during the Initial Attach procedure, during Tracking Area Update procedure for the "first TAU following GERAN/UTRAN Attach" or for "UE radio capability update" or when MME has not received the Voice Support Match Indicator (as part of the MM Context). This procedure can be extended to update the UE radio capability at MME as shown in figure 1 below. 


[image: image1]
Figure 1: NW based solution endorsed by SA2 (Solution #3 in R3-173592/S2-175972)
It is proposed to add new “update needed” IE to the UE Radio Capability Match Request message in TS 36.413 [7]. The key benefit is that this is a future proof mechanism which can be used to update any radio capability parameters at MME, e.g. supported UE category, supported bands or band combinations, support of FDD or TDD modes. From the specification management perspective, relying on a dedicated and standalone procedure will be better as we evolve in the future. 

Observation 4: The UE Radio Capability Match used by Solution #3 is a standalone procedure with no impact to the TAU procedure and future proof, which can be used to update any radio capability parameters.

Therefore, based on the observations above, we propose to consider the Solution #3 endorsed in the SA2 LS [4] instead of the current working assumption of Solution 1C having potentially huge impact on radio resources. 

Proposal 1: RAN3 to adopt the Solution #3 (as shown in Figure 1) endorsed in the SA2 LS R3-173592/S2-175972.
Proposal 2: RAN3 to send LS response to SA2 informing this agreement.
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Conclusion

In the present contribution we make the following observations:

Observation 1: The current WA (Solution 1C) to page the UE over both normal and CE paging channels until the NW receives the capability information from the UE works to the problem stated in the SA2 LS.

Observation 2: The current WA (Solution 1C) has impact on radio resources, especially to Cat-M UEs who monitor mPDCCH only, for which paging over normal PDCCH is useless and will incur huge waste of radio resources, considering that many IoT devices are roaming and paging is performed by all eNBs within the TAs assigned.

Observation 3: The main cause of the problem is no UE radio capability information in MME, where both Solution 1C and Solution #3 (endorsed in SA2 LS) rely on the UE radio capability report to the MME. But Solution 1C may have huge impact on radio resources but Solution #3 does not.

Observation 4: The UE Radio Capability Match used by Solution #3 is a standalone procedure with no impact to the TAU procedure and future proof, which can be used to update any radio capability parameters.

Based on the discussion in the present contribution and the observations above we propose: 

Proposal 1: RAN3 to adopt the Solution #3 (as shown in Figure 1) endorsed in the SA2 LS R3-173592/S2-175972.

Proposal 2: RAN3 to send LS response to SA2 informing this agreement.

The corresponding CR to TS 36.413 [7] and the draft LS response to SA2 are provided in [8] and [9], respectively.
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