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Discussion and decision
1 Introduction
In the RAN2 # 95 meeting [1], following agreements were made for UEs in lightly connected.

	· To take as a baseline that Rel-13 legacy PO/PF calculations are used for the RAN-initiated paging. The input parameters for PO/PF calculation can be changed if necessary.

· To define a UE ID for paging calculation. Select the UE ID from (a) NAS UE ID (i.e. S-TMSI), (b) Rel-13 UE Resume ID, (c) a new RAN UE ID or (d) IMSI mode.

· To define a UE ID conveyed in paging message. Select the UE ID from (a) NAS UE ID (i.e. S-TMSI), (b) Rel-13 UE Resume ID, (c) a new RAN UE ID or (d) IMSI mode.


In this document, we address the above FFS analyzing the suitable options for the light connection UEs. In addition, eDRX support for the lightly connected UEs and the details of the RAN-based paging DRX cycle are discussed.
2 Discussion

UE ID for paging calculation

This section analyses the initial details of the UE ID to be used for PO/PF calculations when a lightly connected UE is paged via RAN-initiated paging. From the agreements in RAN2#95 meeting and email discussion [95#31] discussion point 2, different kind of UE ID(s) could be considered:

· Option a) S-TMSI is used, similarly to legacy paging.

· Option b) Rel-13 UE Resume ID is used.
· Option c) A new network configured ID is defined.
· Option d) UE_ID (as in legacy, for example, UE_ID = IMSI mod 1024)
In legacy PO/PF calculations, from the UE ID, only 10 bits of LSB, if P-RNTI is monitored in PDCCH, and 14 bits of LSB, if P-RNTI is monitored in MPDCCH (for example, UE_ID = S-TMSI mod 1024 or UE_ID = resumeIdentity mod 1024) is used for a UE to uniquely identify its UE ID on a given PO/PF.

On other hand, it might be preferable to align the PO/PF between RAN-based paging and CN-based paging is used (which would require that the same UE ID is used for legacy PO/PF calculations) e.g. if networks might do seamless fallback between both paging mechanisms or if there is concern for any UE miss-match. Therefore, option d) is preferred for RAN-based paging. It is understood that MME has to share the UE_ID with eNB and eNB has to store the UE_ID when UE is in light connection. 

Proposal 1. The same UE ID on legacy PO/PF calculation for CN-based paging is used for PO/PF calculation in RAN-based paging.
UE ID conveyed in paging message
From the agreements in RAN2#95 meeting and email discussion [95#31] discussion point 3, different kind of UE ID(s) could be considered:

· Option a) S-TMSI is used, similarly to legacy paging.

· Option b) Rel-13 UE Resume ID is used.
· Option c) A new network configured ID is defined.
· Option d) UE_ID (as in legacy, for example, UE_ID = IMSI mod 1024)
Since eNB is only exposed to few bits of IMSI, option d is not preferred to be used in the paging message since it would not provide the uniqueness required for paging. A new network configured ID can also be defined for the RAN-initiated RRC paging, however, (option c) does not look justified as eNB already has known UE ID, for example, existing UE's IDs that are already stored by the UE (S-TMSI and Rel-13 UE Resume ID) could be used.

In option b, Rel-13 UE Resume ID can be used as alternative UE ID to be used in the paging message. In this option, the eNB would not require to store the S-TMSI for the purpose of paging message. Moreover, in the RAN2#95 meeting [2], it is agreed that S-TMSI would be used for PH and PTW calculations in eDRX. Therefore in the case, light connection UE supports eDRX, it is necessary that eNB is able to calculate the PH and PTW for eDRX, in which case, eNB needs to store the S-TMSI (UE_ID_H is derived from S-TMSI). Option b might be preferable as it is fully RAN controlled; on other hand, this option would require that the legacy RRC paging message is modified to include the new Rel-13 UE Resume ID.

On summary, in option a, MME requires to share the S-TMSI over S1AP and eNB requires to store it while UE is in lightly connected. The benefit is that the legacy RRC paging message can be reused without modification. This has no impact in the legacy paging procedure. As described in section 2.1, MME has to share the UE_ID with eNB, S-TMSI can also be shared from the same S1AP signaling without any additional signaling. 

Proposal 2. "S-TMSI" is used as UE ID within the paging message for the RAN-initiated paging. Inform SA2 and RAN3 for MME to share the S-TMSI with the eNB for RRC_CONNECTED UEs that support light connection.
RRC RAN-initiated paging message
In the RAN2#95 meeting, the following agreement is made

To discuss the preference of using legacy RRC paging message vs defining a new RRC RAN-initiated paging message for UEs in lightly connected.

As described in the previous sections and email discussion [95#31] discussion point 2, legacy UE ID is used for the PO/PF calculations and RAN-initiated paging message. This would mean that there is no reason for defining any new RAN-initiated paging message as the legacy RRC paging message can be re-used. 
It is possible that a new RNTI is defined for lightly connected mode UEs to monitor the paging frame. Then UEs can differentiate the RAN-initiated or CN-initiated paging message. However, this has the complexity of monitoring the two RNTIs at UE and its need and foreseen benefit are not clear. Therefore, we suggest using a single RRC paging message (legacy one) to page UEs in idle mode and UEs in light connection.
Proposal 3. Legacy RRC paging message is used as baseline for RAN-initiated paging (extension can be discussed).
RAN-based paging DRX cycle
As explained on [3] we foreseen beneficial to define a RAN-based paging DRX cycle which is specific to UEs aiming to provide a more flexible way to meet the different UE's requirements such as mobility, QoS, traffic pattern and MT reachability delays. This RAN-based paging DRX cycle could be configured by the eNB via dedicated signalling (e.g. via RRC connection reconfiguration or via RRC connection release).
Proposal 4. To define a RAN-based paging DRX cycle that can be configured per UE basis via dedicated signaling.
In general, values of the UE specific RAN based paging DRX cycle can be defined similar to the legacy values of the paging DRX cycles and legacy calculations for PO/PF as specified in LTE specification TS 36.304 [4] can be applied. Note that values of Rel-13 legacy default DRX cycle are only 32, 64, 128 and 256 radio frames. For RAN-based paging DRX, we suggest considering more values that could be used, such as, 2, 4, 8, 16, 32, 64, 128, 256, 512 radio frames that are divisors of 1024 (since SFN wraps around in every 1024 SFNs). 

It might be desirable that some UEs uses shorter DRX cycles such as 8 and 16 radio frames (80ms and 160ms) which are smaller than the values of legacy default DRX cycles; e.g. UE might start using services requiring smaller MT reachability delays, such as, VoIP and healthcare monitoring.
Observation 1 In addition to legacy default DRX cycles, DRX cycles such as 4, 8, 16 and 512 can be defined as RAN-based DRX cycles.

Proposal 5. To discuss and agree on the values of RAN-based paging DRX cycles to be defined as 2, 4, 8, 16, 32, 64, 128, 256 and 512 radio frames.

Legacy procedure for calculations of PO/PF in LTE can be re-used in lightly connected UEs, with the advantage previously mentioned. If a network requires to enable fall-back to the CN-based paging procedure from RAN-initiated paging would be possible, as long as RAN-based paging DRX cycle (details explained on [3]) used by the UEs is smaller or equal to the default DRX cycle. In this case, PO using RAN-based paging DRX cycle and PO using the default DRX cycle are aligned at every default DRX cycle.
Proposal 6. To discuss whether the DRX cycle used for the RAN-based paging is (a) always the RAN-configured paging DRX cycle (which is configured by eNB per UE basis) or (b) the shortest of RAN-configured paging DRX cycle and default DRX cycle (which is broadcasted).
eDRX for RAN-based paging

In lightly connected UEs, eDRX is also applicable to save power. It is probable that there are larger number of UEs being in lightly connected mode than in idle mode. Some UEs would go to sleep for longer time or need longer value of DRX cycle. If eDRX is applicable to lightly connected UE, then it is FFS how to handle the paging when lightly connected UE is in long eDRX sleep. It is because the response for DL data might be delayed. 

Assuming that there is preference to allow the usage of eDRX for lightly connected UEs, eNB has to use same UE_ID_H that is used for calculating legacy PH and PTW start. According to agreement on eDRX in the RAN2#95 meeting [2], as it is explained in previous sections the eNB would also require to store the required information in order to know when to page these lightly connected UEs configured with eDRX (e.g. UE_ID_H or S-TMSI). Moreover for the PTW, the eNB could configure its own length. The eNB would be able to configure larger value of PTW length if UE needs to be reachable for longer time in the light connection.

Proposal 7. To discuss whether it is preferred for lightly connected UEs to be able to use eDRX.

3 Summary 
Proposal 1.
The same UE ID on legacy PO/PF calculation for CN-based paging is used for PO/PF calculation in RAN-based paging.
Proposal 2.
"S-TMSI" is used as UE ID within the paging message for the RAN-initiated paging. Inform SA2 and RAN3 for MME to share the S-TMSI with the eNB for RRC_CONNECTED UEs that support light connection.
Proposal 3.
Legacy RRC paging message is used as baseline for RAN-initiated paging (extension can be discussed).
Proposal 4.
To define a RAN-based paging DRX cycle that can be configured per UE basis via dedicated signaling.
Observation 1 In addition to legacy default DRX cycles, DRX cycles such as 4, 8, 16 and 512 can be defined as RAN-based DRX cycles.
Proposal 5.
To discuss and agree on the values of RAN-based paging DRX cycles to be defined as 2, 4, 8, 16, 32, 64, 128, 256 and 512 radio frames.
Proposal 6.
To discuss whether the DRX cycle used for the RAN-based paging is (a) always the RAN-configured paging DRX cycle (which is configured by eNB per UE basis) or (b) the shortest of RAN-configured paging DRX cycle and default DRX cycle (which is broadcasted).
Proposal 7.
To discuss whether it is preferred for lightly connected UEs to be able to use eDRX.


4 Reference

[1] Draft Report of 3GPP TSG RAN WG2 #95, Gothenburg, Sweden, August 22 - 26, 2016.

[2] R2-165935, LS on eDRX Paging Hyper-frame and PTW_Start Calculation, Source RAN2, To SA2, RAN3, CT1.

[3] R2-164988, Details on RAN-initiated paging design, Intel Corporation, August 2016.
[4] TS 36.304: E-UTRA; User Equipment (UE) procedure in idle mode.
