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Introduction
[bookmark: _Ref178064866]The NR paging related agreements in 3GPP include that paging can be initiated by either the CN or the RAN. CN initiated paging is designed for RRC_IDLE state, while RAN initiated paging is designed for RRC_INACTIVE state.
Furthermore, to address the excessive DL control signaling overhead when paging is delivered through beam sweeping, especially when a large number of beams, e.g. 64, is utilized, the concept of response-driven paging has been proposed.
This contribution addresses an issue related to the mixing of CN initiated and RAN initiated paging, in particular in conjunction with response-driven paging, but its resolution brings benefits also to regular paging.
Discussion
As stated above, CN initiated paging is designed for paging in RRC_IDLE state, while RAN initiated paging is designed for paging in RRC_INACTIVE state. With CN initiated paging the UE is assumedly addressed with a UE ID assigned by the CN, i.e. the S-TMSI (except in rare cases where the S-TMSI is not available and the IMSI has to be used instead), while RAN initiated paging is addressed to a UE ID assigned by the RAN, i.e. the I-RNTI. A UE in RRC_IDLE state should only expect to receive CN initiated paging. However, for robustness reasons, a UE in RRC_INACTIVE state should be prepared to receive either RAN initiated or CN initiated paging. During normal operation, a UE in RRC_INACTIVE state would only receive RAN initiated paging, but in cases of state mismatch between the UE and the network, a UE in RRC_INACTIVE state may be paged by CN initiated paging. The same Paging message is expected to be used for both CN initiated and RAN initiated paging. The RRC_INACTIVE UE distinguishes the source of the paging from the type of UE ID in the paging message, i.e. the S-TMSI (or the IMSI) for CN initiated paging and the I-RNTI for RAN initiated paging, and acts accordingly, i.e. attempts to resume the RRC connection in case of RAN initiated paging and initiates establishment of a new RRC connection in case of CN initiated paging. To facilitate monitoring of both CN initiated and RAN initiated paging, the paging occasion algorithm(s) should be designed such that a paging occasion for CN initiated paging always coincides with a  paging occasion for RAN initiated paging.
As mentioned above, the response-driven paging concept has been proposed to address excessive DL control signaling associated with beam swept paging delivery. With this concept, which is elaborated in R2-168124 [1], R2-1702779 [2], R2-1802335 [3] and R1-1708724 [4], a shortened paging identifier (instead of a full UE ID) is used in the initial DL message in the paging procedure. The same short paging identifier can be allocated to multiple UEs and the paging identifier is therefore referred to as a group paging identifier.
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.
Each UE is 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 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, 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).
With the proposed introduction of group paging, both CN initiated and RAN initiated paging can be delivered using either regular paging or response-driven paging. Which of these paging types to use is presumably decided by the RAN. 
When the mixing of CN initiated and RAN initiated paging is combined with response-driven paging, a yet unaddressed issue arises. As mentioned above, with regular paging the UE can distinguish the two cases based on the type of UE ID (the I-RNTI or the S-TMSI), but with response-driven paging the group paging identifier in the paging indication does not provide this possibility.
[bookmark: _Toc497914056][bookmark: _Toc506395425][bookmark: _Toc506418117][bookmark: _Toc506469913]When response-driven paging is used, a UE cannot distinguish between RAN initiated and CN initiated paging, based on the paging indication.
As a consequence, an RRC_IDLE UE which finds a matching group paging identifier always has to contact the network to find out if it is being paged, even though this effort in many – possibly most – cases could have been avoided, if the UE could have determined from the paging indication that the page was initiated by the RAN.
[bookmark: _Toc506469914]When a UE in RRC_IDLE state finds a matching group paging identifier in a paging indication, it always has to contact the network to find out if it is being paged, even though this effort in many, possibly most, cases could have been avoided, if the UE could have determined from the paging indication that the page was initiated by the RAN.
To address this issue, a means should be introduced that allows a UE to determine as early as possible whether a page is initiated by the CN or the RAN. The earlier the better, since a UE in RRC_IDLE state may skip further processing of a received paging transmission, if it determines that the page was initiated by the RAN.
Proposal 1		Means should be introduced to allow a UE to determine as early as possible whether a page is initiated by the CN or the RAN.
The earliest possible opportunity to determine this would be through the transmission on the PDCCH and then two straightforward means would be to either use different P-RNTIs for CN initiated and RAN initiated paging or use explicit indication in the DCI. 
[bookmark: _Toc506469915]Two straightforward means to enable a UE to determine from the PDCCH transmission whether a page is initiated by the CN or by the RAN would be to use different P-RNTIs for CN initiated and RAN initiated paging or to use explicit indication in the DCI.
Of these two, differentiated P-RNTIs provides the earliest determination, since the UE would be able to determine already from the DCI CRC check, whether the page is initiated by the CN or by the RAN. On the other hand, with indication through the P-RNTI, the network cannot mix CN initiated and RAN initiated paging for different UEs in the same Paging message. Using explicit indication in the DCI requires that the UE parses the DCI, which means that somewhat more effort is needed before the UE can determine whether the page is initiated by the CN or by the RAN, but an advantage of this alternative could be that the network could mix CN initiated and RAN initiated paging for different UEs in the same paging message, if one indicator per paged UE is included in the DCI.
Proposal 2		Either differentiated P-RNTIs or explicit indication in DCI on the PDCCH should be used to indicate whether the CN or the RAN initiated the paging. RAN2 should discuss pros and cons of these two alternatives and select one of them.
Although the greatest gains are achieved in conjunction with response-driven paging, both these alternatives provide benefits also when regular paging is used. When regular paging is used, a UE in RRC_IDLE state may abort the processing of the DCI on the PDCCH and skip reading the Paging message on the PDSCH, if it determines that the page was initiated by the RAN.
[bookmark: _Toc506469916]Early determination of the initiator of a page is beneficial also for regular paging, since a UE in RRC_IDLE state may abort the processing of the DCI on the PDCCH and skip reading the Paging message on the PDSCH, if it determines that the page was initiated by the RAN.
Conclusion
In section 2 we made the following observations:
Observation 1	Means should be introduced to allow a UE to determine as early as possible whether a page is initiated by the CN or the RAN.
Observation 2	When a UE in RRC_IDLE state finds a matching group paging identifier in a paging indication, it always has to contact the network to find out if it is being paged, even though this effort in many, possibly most, cases could have been avoided, if the UE could have determined from the paging indication that the page was initiated by the RAN.
Observation 3	Two straightforward means to enable a UE to determine from the PDCCH transmission whether a page is initiated by the CN or by the RAN would be to use different P-RNTIs for CN initiated and RAN initiated paging or to use explicit indication in the DCI.
Observation 4	Early determination of the initiator of a page is beneficial also for regular paging, since a UE in RRC_IDLE state may abort the processing of the DCI on the PDCCH and skip reading the Paging message on the PDSCH, if it determines that the page was initiated by the RAN.

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	Either differentiated P-RNTIs or explicit indication in DCI on the PDCCH should be used to indicate whether the CN or the RAN initiated the paging. RAN2 should discuss pros and cons of these two alternatives and select one of them.
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