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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 by 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. With response-driven paging, a page is addressed to a shorter group ID and a UE which finds a matching group ID has to contact the network to find out whether it is targeted by the page. Response-driven paging will however not be supported in release 15.
This contribution addresses an issue related to reception of CN initiated and RAN initiated paging and their impact on the energy efficiency of the UEs in RRC_IDLE and RRC_INACTIVE states.
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 addressed with a UE ID assigned by the CN, i.e. the 5G-S-TMSI (except in rare cases where the 5G-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. by means of 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 will be used for both CN initiated and RAN initiated paging. A UE distinguishes the source of the paging from the type of UE ID in the paging message, i.e. the 5G-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 in case of CN initiated paging, enters RRC_IDLE state and initiates establishment of a new RRC connection. 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.
The two states RRC_IDLE and RRC_INACTIVE are both designed to save energy in the UE. In both those states monitoring the paging channel is an important task and cause of energy consumption. Minimizing the effort and energy consumption associated with monitoring of paging is thus in line with the design purpose of the RRC_IDLE and RRC_INACTIVE states and in line with efficient system design in general.
When a UE in RRC_IDLE or RRC_INACTIVE state monitors a paging occasion, it receives a PDCCH transmission, checks that the CRC matches when scrambled with the P-RNTI and, if a match is found, goes on to decode the DCI containing a PDSCH scheduling allocation for an RRC Paging message (unless the paging concerns indication of system information update or activation of ETWS or CMAS in which case all the information may be confined to the Paging DCI). Furthermore, if response-driven paging (which is elaborated in R2-168124 [1], R2-1702779 [2], R2-1802335 [3] and R1-1708724 [4]) is introduced in later releases a page monitoring UE which finds a matching group ID will not only receive DL transmissions, but has to contact the network to retrieve additional information to determine whether it is targeted by the page.
To make the RRC_IDLE and RRC_INACTIVE state and the page monitoring as lean and energy efficient as possible a UE that is not targeted by the page should preferably be able to determine this as early as possible during the page monitoring process so that it can abandon the process and turn off its receiver circuitry. One way to facilitate this is to leverage the fact that a UE in RRC_IDLE state can only be paged by CN initiated paging. Hence, if a UE in RRC_IDLE state can determine early on that the page is initiated by the RAN, the UE can abandon the page monitoring (during that paging occasion) and go back to DRX sleep. Therefore, a means should be introduced that allows a UE to determine as early as possible whether a page is initiated by the CN or by 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.
[bookmark: _Toc510648865][bookmark: _Toc510648909][bookmark: _Toc510732437]If a UE in RRC_IDLE state can determine early during the page monitoring whether a page is initiated by the CN or by the RAN, it can save energy by going back to DRX sleep as soon as it determines that the CN is not the source of the page.
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 by 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: _Toc510648866][bookmark: _Toc510648910][bookmark: _Toc510732438]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, without parsing the DCI, which may be a slight advantage in favor of indication through differentiated P-RNTIs.
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.
A UE in RRC_IDLE state may thus save energy by determining the source of the page at an early stage of monitoring a paging occasion. This is a non-negligible improvement of the energy efficiency for a UE in RRC_IDLE state when regular paging is used. However, if response-driven paging is introduced in a later release, e.g. release 16, even more substantial gains could be achieved. With response-driven paging, a UE cannot even determine the source of the page from the PDSCH message, since the group ID does not provide the distinction of 5G-S-TMSI and I-RNTI, thereby forcing a UE to contact the network to find out whether it is targeted by the page as well as the source of the page. Hence, a UE in RRC_IDLE state that determines from the DCI that a response-driven page is initiated by the RAN would not only be able to skip decoding of the PDSCH message, but could also skip contacting the network to acquire more paging information, thus saving both energy and transmission resources.
[bookmark: _Toc510648867][bookmark: _Toc510648911][bookmark: _Toc510732439]Allowing a UE to determine the source of the page already from the DCI on the PDCCH would provide even more substantial gains in terms of energy saving and overhead reduction if used together with a response-driven paging (which may be supported in future releases).
Conclusion
In section 2 we made the following observations:
Observation 1	If a UE in RRC_IDLE state can determine early during the page monitoring whether a page is initiated by the CN or by the RAN, it can save energy by going back to DRX sleep as soon as it determines that the CN is not the source of the page.
Observation 2	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 3	Allowing a UE to determine the source of the page already from the DCI on the PDCCH would provide even more substantial gains in terms of energy saving and overhead reduction if used together with a response-driven paging (which may be supported in future releases).

Based on the discussion in section 2 we propose the following:
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 by the RAN.
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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