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Introduction
In high frequency deployments, paging, like other signals have to be beamformed. Since, by the nature of the paging procedure, the location of the intended recipient is unknown, paging has to be transmitted in the form of beam sweeping in high frequencies. This creates a lot of control signalling overhead, especially since the paging signals typically have to be transmitted in multiple cells.
To combat this issue, a group paging concept has been proposed where the paging identifier is a shortened identifier associated with multiple UEs or a group of UEs. Since the paging identifier is non-UE unique, a UE receiving a paging indication containing its group paging identifier needs to contact the network to find out whether it is actually being paged or not. This concept is also known as response-driven paging, see [3] for further details.
This contribution discusses some issues related to the group paging identifier in conjunction with CN initiated and RAN initiated paging.
[bookmark: _Ref178064866]Discussion
As mentioned above, beam sweeping of paging can be a source of significant control signalling overhead, especially in deployments with a large number of DL beams, e.g. when a complete beam sweep consists of 64 beams.
R2-168124 [1], R2-1702779 [2], R2-1802335 [3] and R1-1708724 [4] address this concern by introducing the concept of response-driven paging (also referred to as group paging), whereby the initial DL message over the radio interface in the paging procedure is shortened by limiting the contents to short paging identifier(s), instead of using the full UE paging identifier(s). Such a shortened identifier can be seen as a UE group identifier, which is referred to as a group paging identifier. The response-driven paging concept reduces the DL overhead by reducing the amount of data transmitted in the paging beam sweep (which can be a substantial gain when a large number of beams is used) at the expense of some increase of the UL overhead and DL signalling following possible response(s) from UE(s) receiving matching group paging identifier(s).
Each UE is explicitly or implicitly allocated a group paging identifier to look for in a paging indication[footnoteRef:1]. Hence, when a UE receives a paging indication with a matching group paging identifier, it does not know whether it is itself or some other UE(s) with the same allocated group paging identifier that is the actual target of the page. To resolve this ambiguity, the UE contacts the network, which triggers the network to provide the additional paging information needed by the UE.[footnoteRef:2] [1:  The first DL signal in the response-driven paging procedure is herein referred to as “paging indication” rather than “paging message” to distinguish it from a full-fledged paging message, which contains all the information a paged UE needs.]  [2:  Hence the term ”response-driven paging”.] 

This ambiguity resolution has different forms in the contributions that have proposed response-driven paging. In R2-168124 [1] and R2-1702779 [2] the UE goes through a random access procedure to indicate its identity to the network, so that the network can respond to the UE whether it is targeted by the page or not. R2-1802335 [3] proposes a more streamlined ambiguity resolution, which creates less total overhead (in particular the resulting increase of the UL overhead is smaller in this proposal), whereby the UE only transmits a (special for this purpose) random access preamble which triggers the network to respond with a full paging message (i.e. including the list of UE ID(s) of the UE(s) being paged).
There are currently two proposals discussed for how to allocate a group paging identifier to a UE. Both proposals are based on implicit allocation by deriving the group paging identifier from a UE ID. In one of the proposals, the UE ID is hashed into a bit in a bitmap, where each bit in the bitmap corresponds to one of the configured group paging identifiers (or paging groups). In the other proposal, the group paging identifier is derived by truncating the UE ID, or a certain unique part of the UE ID, from the most significant bit (MSB) direction or from the least significant bit (LSB) direction to a shorter identifier. In a generalized form the second proposal could be that the UE ID is hashed to a shorter identifier using an arbitrary hash function.
When regular paging is used, the UE ID included in the Paging message differs depending on whether the page is initiated by the CN or the RAN. For CN initiated paging the proposed UE ID is the S-TMSI (or in exceptional cases when S-TMSI is not available, the IMSI), while for RAN initiated paging the proposed UE ID is the I-RNTI. A UE in RRC_IDLE state only expects to receive CN initiated paging, while a UE in RRC_INACTIVE state not only has to expect to receive RAN initiated paging, but may also be paged via CN initiated paging, in case of state mismatch between the UE and the network. The same Paging message is expected to be used in both cases and the UE finds out whether a received page was initiated by the CN or by the RAN from the type of UE ID included in the Paging message. The UE is expected to behave accordingly, i.e. resume the RRC connection in case of RAN initiated paging and establish a new RRC connection in case of CN initiated paging.
Response-driven paging can obviously be used together with both CN initiated and RAN initiated paging. From the properties of CN initiated and RAN initiated paging follows that that the group paging identifier is derived from the S-TMSI for CN initiated paging and from the I-RNTI for RAN initiated paging. This circumstance creates the issue that a UE cannot unambiguously determine whether it is targeted by the page even if it finds a possible match in the paging message (derived from the S-TMSI for a UE in RRC_IDLE state and derived from the I-RNTI or the S-TMSI for a UE in RRC_INACTIVE state), since it does not know whether the group paging identifier was derived from the S-TMSI or from the I-RNTI. If this issue is not resolved, this will result in a greater number of network accesses due to false group paging identifier matches, when UEs contact the network to find out whether they are being paged.
[bookmark: _Toc497914056][bookmark: _Toc506395425][bookmark: _Toc506418117]Due to the expected use of different UE IDs for CN initiated and RAN initiated paging, a UE cannot unambiguously determine whether it is targeted by the page when response-driven paging is used, even if it finds a possible match in the paging message, since it does not know whether the group paging identifier was derived from the S-TMSI or the I-RNTI. If left unresolved, this issue will cause an increased number of network accesses due to false group paging identifier matches, when UEs contact the network to find out whether they are being paged.
The ambiguity of which UE ID that the group paging identifier is derived from can be removed by mandating that the same UE ID is always used, irrespective of whether the paging is initiated by the CN or the RAN. A UE always has an allocated S-TMSI, regardless if the UE is in RRC_IDLE state or in RRC_INACTIVE state, whereas an I-RNTI is available only in RRC_INACTIVE state but not in RRC_IDLE state. Hence, the preferred choice of UE identifier to derive the group paging identifier from is the S-TMSI.
Proposal 1		The group paging identifier (or paging group) allocated to a UE for response-driven paging should always be derived from the UE’s S-TMSI, irrespective of whether the paging is initiated by the CN or the RAN and irrespective of whether the UE is in RRC_IDLE state or in RRC_INACTIVE state.
Note that it is only when the group paging identifier is derived that the S-TMSI should be used for RAN initiated paging. When a UE which receives a page with a matching group paging identifier requests the full paging message (or the list of UE ID(s) of the paged UE(s)) from the network, the network will return the UE ID(s) that would have been used with regular paging, i.e. the S-TMSI for CN initiated paging and the I-RNTI for RAN initiated paging.
Proposal 2		When a UE which receives a page with a matching group paging identifier requests the list of UE ID(s) of the paged UE(s) from the network, the network returns S-TMSI(s) for CN initiated paging and I-RNTI(s) for RAN initiated paging.
To enable that the group paging identifier (or paging group) is derived from the S-TMSI for RAN initiated paging, the CN must transfer the UE’s S-TMSI, or the part of the S-TMSI from which the group paging identifier is derived, to the RAN. This is preferably done when the UE context is established in the gNB. For CN initiated paging the S-TMSI is transferred to the RAN when the UE is to be paged.
Proposal 3	To support derivation of the group paging identifier from the S-TMSI for RAN initiated response-driven paging, the CN transfers the S-TMSI, or a part of the S-TMSI from which the group paging identifier is derived, to the RAN when the UE context is established in the RAN.
In rare error cases it may happen that no S-TMSI is available for a UE that is to be paged. To handle such cases, the UE is paged with the IMSI instead of the S-TMSI in LTE and this principle will assumedly also be reused in NR. In such cases, response-driven paging with a group paging identifier (or paging group) derived from the S-TMSI obviously cannot be used. Instead, regular paging with the IMSI as the UE ID should be used when no S-TMSI is available.
Proposal 4	In error cases where the S-TMSI is not available when a UE is to be paged, regular paging (i.e. not response-driven paging) with the IMSI as the UE ID should be used.
Conclusion
In section 2 we made the following observations:
Observation 1	Due to the expected use of different UE IDs for CN initiated and RAN initiated paging, a UE cannot unambiguously determine whether it is targeted by the page when response-driven paging is used, even if it finds a possible match in the paging message, since it does not know whether the group paging identifier was derived from the S-TMSI or the I-RNTI. If left unresolved, this issue will cause an increased number of network accesses due to false group paging identifier matches, when UEs contact the network to find out whether they are being paged.

Based on the discussion in section 2 we propose the following:
Proposal 1	The group paging identifier (or paging group) allocated to a UE for response-driven paging should always be derived from the UE’s S-TMSI, irrespective of whether the paging is initiated by the CN or the RAN and irrespective of whether the UE is in RRC_IDLE state or in RRC_INACTIVE state.
Proposal 2	When a UE which receives a page with a matching group paging identifier requests the list of UE ID(s) of the paged UE(s) from the network, the network returns S-TMSI(s) for CN initiated paging and I-RNTI(s) for RAN initiated paging.
Proposal 3	To support derivation of the group paging identifier from the S-TMSI for RAN initiated response-driven paging, the CN transfers the S-TMSI, or a part of the S-TMSI from which the group paging identifier is derived, to the RAN when the UE context is established in the RAN.
Proposal 4	In error cases where the S-TMSI is not available when a UE is to be paged, regular paging (i.e. not response-driven paging) with the IMSI as the UE ID should be used.

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref481679773][bookmark: _Ref174151459][bookmark: _Ref189809556]R2-168124, Paging in NR at HF operation, Nokia, Alcatel-Lucent Shanghai Bell, RAN2#96, 14th – 18th November 2016
[bookmark: _Ref481679792]R2-1702779, Configurable Paging Procedure for NR, Nokia, Alcatel-Lucent Shanghai Bell, RAN2#97bis, 3rd – 7th April 2017
[bookmark: _Ref497914853]R2-1802335, Response-driven paging to reduce beam sweeping overhead in NR, Ericsson, RAN2#98, 15th – 19th May 2017
[bookmark: _Ref481679803]R1-1708724, On NR paging design, Ericsson, RAN1#89, 15th – 19th May 2017

