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Introduction
In high frequencies, paging, like other control signals supporting RRC_IDLE and RRC_INACTIVE state, may be provided using beam sweeping in NR. To reduce the overhead associated with such signal delivery, it has been proposed to use group paging, where the paging identifier is associated with multiple UEs and a UE receiving a page message containing its group paging identifier has to contact the network to find out whether it is actually being paged. This concept is also referred to as response-driven paging.
This contribution discusses and proposes improvements of this concept.
[bookmark: _Ref178064866]Discussion
As pointed out in the previous contributions R2-168124 [1], R2-1702780 [2] and R2-1702779 [3] and in RAN1 contribution R1-1708724 [4], the overhead of a beam sweep with many beams may be substantial and should preferably be kept minimal. When it comes to paging delivery, R2-168124 [1], R2-1702780 [2] and R2-1702779 [3] have proposed a group paging scheme referred to as response-driven paging. With this concept, shorter paging identifiers (referred to as paging indicators) are used, where multiple UEs can be assigned the same paging indicator. To resolve the ambiguity of paging with such a paging indicator, a UE receiving a page message containing its paging indicator has to contact the network to find out whether it is actually being paged or not.
The response-driven paging reduces the amount of data transmitted in the paging beam sweep, which is good, but it does so at the expense of a higher load on the UEs and the uplink. A UE addressed by its paging indicator will have to perform random access (transmit a preamble and receive a Random Access Response (RAR)) and provide its UE ID to the gNB in message 3, irrespective of whether it is actually being paged. For each responding UE, this turns out to be two UL transmissions (preamble + Msg3) and two DL transmissions (RAR + page ACK/NACK (assuming the NACK option is used)). One of the consequences of this is that the energy consumption increases for UEs in RRC_IDLE or RRC_INACTIVE state.
This response procedure could be streamlined by slightly changing the approach. Instead of providing its UE ID to the gNB, a UE finding its paging indicator in a paging message could instead just indicate this to the network, i.e. indicate that it has received a paging message containing the UE’s paging indicator, but without providing its UE ID. To indicate this to the gNB the UE would only transmit a PRACH preamble, which is dedicated for this purpose and common for all UEs. When receiving this preamble, the gNB (instead of sending a regular RAR) responds with a message containing the UE ID(s) of the UE(s) actually being paged. This could be seen as replacing the RAR with a paging message. 
[bookmark: _Toc498000305][bookmark: _Toc501362968]The approach that a UE receiving a paging indication containing its paging indicator only transmits a PRACH preamble and receives the UE ID(s) of the paged UE(s) in response is more resource efficient and saves energy in the UE compared with the previously proposed response-driven paging approach where the UE provides its UE ID to the gNB in an additional message to be informed of whether it is being paged.
[bookmark: _Toc498000347][bookmark: _Toc501363008]With the response-driven paging option, a UE receiving a paging message containing its paging indicator should transmit a for this purpose allocated PRACH preamble (common for all UEs) and receive the UE ID(s) of the paged UE(s) in response.
When transmitting this response message, the gNB should preferably beamform the transmission towards the requesting UE(s). If supported by the gNB, the gNB could make use of directional reciprocity to transmit the power in the same directions as it received the preamble from. Otherwise, the gNB can use the DL beam selection framework agreed in RAN1, where different PRACH transmission resources are associated with different SS Block beams, so that the PRACH transmission resource used for the preamble transmission gives the gNB information about the DL beam to use. This framework includes that a group of SS Block beams may be associated with the same PRACH transmission resource. In this case, a different set of preambles for regular random access is associated with each SS Block beam in the group of SS Block beams that are associated with the same PRACH transmission resource. This way, the PRACH transmission resource and the preamble combined indicates the preferred DL beam to the gNB. The PRACH transmission resource indicates the group of SS Block beams and the preamble indicates the SS Block beam within the group (based on which set of preambles the received preamble belongs to). In such deployments, a single preamble dedicated for triggering the paging message in conjunction with response-driven paging would not be enough. Instead, there should be a group of preambles reserved for response-driven paging, matching the group size of the SS Block beam groups, i.e. the number of preambles reserved for response-driven paging should equal the number of SS Block beams in a group of SS Block beams associated with the same PRACH transmission resource, so that a preamble indicates both that it concerns response-driven paging (triggering of the paging message with UE ID(s)) and (together with the PRACH transmission resource) which DL beam to use for the paging message with the UE ID(s). Since the SS Block beam grouping may vary between cells, the reserved preambles and their mapping to beams in a SS Block beam group should preferably be configured in the system information.
[bookmark: _Toc501362969][bookmark: _Toc481678211][bookmark: _Toc481683517][bookmark: _Toc484610152][bookmark: _Toc484610244][bookmark: _Toc490262680][bookmark: _Toc498000306]When a gNB receives a preamble indicating request for transmission of the UE ID(s) of the paged UE(s), the gNB could beamform the response towards the requesting UE(s) either using directional reciprocity or using the framework where each SS Block beam is mapped to a PRACH transmission resource or a combination of a PRACH transmission resource and a PRACH preamble.
[bookmark: _Toc501363009][bookmark: _Toc481678223][bookmark: _Toc490123470][bookmark: _Toc490262684][bookmark: _Toc493579009][bookmark: _Toc498000348]When a gNB receives a preamble indicating request for transmission of the UE ID(s) of the paged UE(s), the gNB should beamform the response to target the UE(s) requesting the transmission.
[bookmark: _Toc501363010]If the PRACH transmission resource and preamble are used to indicate a preferred DL beam, i.e. if the SS Block beams are divided into groups with each group associated with a different PRACH transmission resource, then multiple preambles – equally many as the number of beams in a group of SS Block beams – should be reserved for triggering the gNB to transmit the paged UE ID(s) in conjunction with response-driven paging.
[bookmark: _Toc498000349]As proposed in R2-1702779 [3], response-driven paging and regular paging can be used in parallel and it can be the choice of the network which one to use on a case by case basis.
[bookmark: _Toc493579010][bookmark: _Toc498000350][bookmark: _Toc501363011]Use of the response-driven paging should be optional, at the discretion of the network, and the network may choose to use it or not on a case by case basis.
A paging indicator should be shorter than the regular UE ID used with regular paging (e.g. the S-TMSI in LTE). This enables a straightforward way of allocating paging indicators to UEs. If a paging indicator of N bits is used, the paging indicator allocated to a UE could consist of N bits derived from the UE ID. For example, the N bits could be the N most significant or the N least significant bits of the UE’s UE ID, but several other ways of hashing the UE ID into N bits could also be used. 
[bookmark: _Toc481678212][bookmark: _Toc481683518][bookmark: _Toc484610153][bookmark: _Toc484610245][bookmark: _Toc490262681][bookmark: _Toc498000307][bookmark: _Toc501362970]The paging indicator (with a length of N bits) allocated to a UE should be derived from the UE ID. For instance, the paging indicator could be equal to the N most significant or N least significant bits of the UE’s UE ID used for regular paging.
A UE is inherently aware of its UE ID. Hence, using the most or least significant bits of a UE’s UE ID as the paging indicator, or using another hashing algorithm to derive the paging indicator from the UE ID eliminates the need for explicit allocation of the paging indicator.
[bookmark: _Toc481678213][bookmark: _Toc481683519][bookmark: _Toc484610154][bookmark: _Toc484610246][bookmark: _Toc490262682][bookmark: _Toc498000308][bookmark: _Toc501362971][bookmark: _Hlk506232260]Using the most or least significant bits of a UE’s UE ID as the paging indicator or using another hashing algorithm to derive the paging indicator from the UE ID eliminates the need for explicit allocation of the paging indicator.
[bookmark: _Toc481678224][bookmark: _Toc490123471][bookmark: _Toc490262685][bookmark: _Toc493579011][bookmark: _Toc498000351][bookmark: _Toc501363012]The paging indicator associated with a UE is derived from the UE ID, e.g. equal to a number of most or least significant bits of the UE’s UE ID (and hence implicitly allocated).
It should be noted that a UE ID does not necessarily consist of a set of random bits and all bits of a UE ID are not necessarily equally suitable for derivation of a paging indicator in a manner that distributes UEs evenly between the available paging indicators. For instance, the LTE S-TMSI consists of the MME Code (MMEC) and the M-TMSI, where the MMEC is shared by many UEs and these UEs will also be located in a limited geographical region. In this example, it would be preferable to derive the paging indicator from the M-TMSI part of the LTE S-TMSI. Although the specific structure of the S-TMSI is likely to be different in NR than in LTE, the same property of including one or more (network entity related) part(s) shared by many UEs and a part that is unique among the UEs having the same shared part can be expected to be retained. In general, it is preferable that the paging indicator is derived from a part of the UE ID that is shared by as few UEs as possible in a limited geographical region.
If the UE ID from which the paging indicator is derived includes one or more part(s) that is/are shared by many UEs in a limited geographical region, the paging indicator should preferably be derived from another part of the UE ID, which is shared by as few UEs as possible in a limited geographical region.

Conclusion
In section 2 we made the following observations:
Observation 1	The approach that a UE receiving a paging indication containing its paging indicator only transmits a PRACH preamble and receives the UE ID(s) of the paged UE(s) in response is more resource efficient and saves energy in the UE compared with the previously proposed response-driven paging approach where the UE provides its UE ID to the gNB in an additional message to be informed of whether it is being paged.
Observation 2	When a gNB receives a preamble indicating request for transmission of the UE ID(s) of the paged UE(s), the gNB could beamform the response towards the requesting UE(s) either using directional reciprocity or using the framework where each SS Block beam is mapped to a PRACH transmission resource or a combination of a PRACH transmission resource and a PRACH preamble.
Observation 3	The paging indicator (with a length of N bits) allocated to a UE should be derived from the UE ID. For instance, the paging indicator could be equal to the N most significant or N least significant bits of the UE’s UE ID used for regular paging.
Observation 4	Using the most or least significant bits of a UE’s UE ID as the paging indicator or using another hashing algorithm to derive the paging indicator from the UE ID eliminates the need for explicit allocation of the paging indicator.

Based on these observations and the discussion in section 2 we propose the following:
Proposal 1	With the response-driven paging option, a UE receiving a paging message containing its paging indicator should transmit a for this purpose allocated PRACH preamble (common for all UEs) and receive the UE ID(s) of the paged UE(s) in response.
Proposal 2	When a gNB receives a preamble indicating request for transmission of the UE ID(s) of the paged UE(s), the gNB should beamform the response to target the UE(s) requesting the transmission.
Proposal 3	If the PRACH transmission resource and preamble are used to indicate a preferred DL beam, i.e. if the SS Block beams are divided into groups with each group associated with a different PRACH transmission resource, then multiple preambles – equally many as the number of beams in a group of SS Block beams – should be reserved for triggering the gNB to transmit the paged UE ID(s) in conjunction with response-driven paging.
Proposal 4	Use of the response-driven paging should be optional, at the discretion of the network, and the network may choose to use it or not on a case by case basis.
Proposal 5	The paging indicator associated with a UE is derived from the UE ID, e.g. equal to a number of most or least significant bits of the UE’s UE ID (and hence implicitly allocated).
Proposal 6	If the UE ID from which the paging indicator is derived includes one or more part(s) that is/are shared by many UEs in a limited geographical region, the paging indicator should preferably be derived from another part of the UE ID, which is shared by as few UEs as possible in a limited geographical region.
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