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1. Introduction
At RAN2#94 meeting, CRs for introduction of NB-IoT were agreed and should be approved by RAN#72. In this contribution, we consider fixing the Paging UE_ID which was not updated to take into account the increased DRX cycle length in NB-IoT.
2. Discussion
In LTE, paging resources are distributed among UEs based on UE_ID, which is defined based on IMSI.
Legacy LTE

In legacy LTE, UE_ID = IMSI mod 1024, i.e. it corresponds to the 10 LSBs of IMSI. This allows to correctly distribute UEs within up to 2^10 paging groups, which corresponds to the maximum configuration T = 2.56s (DRX cycle), Ns = 4 (nB=4T, 4 subframes used within each paging frame).

NB-IOT

For NB-IOT, it was agreed to use cell-specific DRX cycles {1.28s, 2.56s, 5.12s, 10.24s}, while Ns can still be {1, 2, 4} However, the UE_ID was not updated to take the longer DRX cycle into account. This leads to issues in the following configurations (please refer to formula in TS 36.304):
- T=1024RF (10.24s), nB=4T (Ns=4) or 2T (Ns=2)
N=T=1024.
i_s = floor(UE_ID/N) mod Ns = 0, always. So these configurations behave as if nB=T is configured (only 1 subframe is used instead of 4 or 2).
- T=512RF (5.12s), nB=4T (Ns=4)

N=T=512
i_s = floor(UE_ID/N) mod Ns = 0 or 1, never 2 or 3. So these configuration behaves as if nB=2T is configured (only 2 subframes used instead of 4).
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Figure 1 - Legacy LTE (Left), NB-IoT (Right)

3. Proposal

In order to correctly handle these configurations, it is proposed to update the UE_ID to use 12 LSBs of IMSI for NB-IoT. It can be noted that for eMTC, the UE_ID has already been updated to use the 14 LSBs of IMSI to account for up to 16 paging narrowbands.
Text proposal

It is proposed to update the agreed CR [1] to include this change in a new revision.
Currently agreed CR [1] states

-
UE_ID:
IMSI mod 1024, if P-RNTI is monitored on PDCCH or NPDCCH.

IMSI mod 16384, if P-RNTI is monitored on MPDCCH.

The text proposal on top of CR [1] is as follows:

-
UE_ID:
IMSI mod 1024, if P-RNTI is monitored on PDCCH.
IMSI mod 4096, if P-RNTI is monitored on NPDCCH.
IMSI mod 16384, if P-RNTI is monitored on MPDCCH.

LS to RAN3
Similarly as for the UE_ID change for eMTC, it is proposed to send an LS to RAN3 to take this change into account, and possibly include the new UE Identity in the S1AP Paging message to the eNB.
Motivation for fixing the issue in RAN#72
Once NB-IoT will be introduced in 3GPP specifications, it will be difficult to change the UE_ID due to backward compatibility issues. If the NW implements the change and the UE does not, or vice-versa, the POs monitored by the UE and the ones used by the NW to send the paging message may not match, which would lead to some UEs not able to receive paging at all.
4. Conclusion 
In this contribution, we have discussed the update of UE_ID for NB-IoT. It is proposed to agree on the following:
- update the UE_ID used for NB-IoT, as per the text proposal above (this can be included in a revision of [1])
- send a LS to RAN3 to take this change into account
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