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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 UEs in RRC_IDLE state, while RAN initiated paging is designed for UEs in RRC_INACTIVE state.
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 state.
Discussion
As stated above, CN initiated paging is designed for paging of UEs in RRC_IDLE state, while RAN initiated paging is designed for paging of UEs 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 RRC 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. a UE in RRC_INACTIVE state 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 parse 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 enter sleep mode again. 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 before reading the paging message on PDSCH and potentially before parsing the DCI. 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][bookmark: _Toc513474812]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][bookmark: _Toc513474813]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 is a slight advantage compared to the solution of using an explicit indication in the DCI. In addition, utilizing the P-RNTI as the means of indication does not consume any of the reserved bits in the DCI.
Proposal 2		Differentiated P-RNTIs should be used to indicate whether the CN or the RAN initiated the paging. 
Differentiated P-RNTIs would provide a single indication applicable to the entire paging transmission. However, a paging transmission may be addressed to multiple UEs and may contain a mixture of RAN initiated and CN initiated pages. In addition, a paging transmission may contain ETWS/CMAS/SI update notifications. Looking at the above motivation for the use of the differentiated P-RNTIs, it is clear that the case where energy is saved is when a UE in RRC_IDLE state can skip parsing and processing of information (as well as reading of the paging message on PDSCH) associated with RAN initiated paging. 
[bookmark: _Toc513474814]A paging transmission may contain only RAN initiated pages, only CN initiated pages or a mixture of RAN initiated and CN initiated pages and/or ETWS/CMAS/SI update notifications, and the desired energy savings for UEs in RRC_IDLE state can be achieved only when the paging transmission only contains RAN initiated pages.
Hence, it is rational to assign a new P-RNTI to indicate that a paging transmission concerns only RAN initiated paging. For all other cases, i.e. when the paging transmission contains a mixture of RAN initiated and CN initiated pages and/or an ETWS/CMAS/SI update notification, the regular (old) P-RNTI should be used. The new P-RNTI could be denoted RP-RNTI (as in “RAN initiated Paging RNTI).
Proposal 3		A new P-RNTI, denoted RP-RNTI, should be introduced to be used for scrambling of the CRC of the DCI on the PDCCH when a paging transmission contains only RAN initiated page(s). For all other cases of paging, i.e. when the paging transmission contains a mixture of RAN initiated and CN initiated pages and/or an ETWS/CMAS/SI update notification, the regular (old) P-RNTI should be used.
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][bookmark: _Toc513474815]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).
Section 3 contains text proposals to include the proposed RP-RNTI in the affected specifications, which include TS 38.321, TS 38.213 and TS 38.304. Since TS 38.213 is RAN1’s responsibility, a LS should be sent to RAN1 asking them to implement the suggested text proposal. A draft of such a LS is provided in our companion contribution R2-1806801 [5].
Proposal 4		RAN2 should send a LS to RAN1, asking them to include the text proposal for TS 38.213, as described in section 3.2. A draft LS is provided in R2-1806801 [5].

[bookmark: _Ref513703249]Text Proposals
[bookmark: _Hlk513703225]Introduction of the RP-RNTI, in accordance with proposal 3, would potentially impact three specifications: TS 38.321, TS 38.213 and TS 38.304.
Proposed Text Changes in TS 38.321 (Affecting Sections 5.5 and 7.1)
[bookmark: _Toc510431886]5.5	PCH reception
When the MAC entity needs to receive PCH, the MAC entity shall:
1>	if a PCH assignment has been received on the PDCCH for the P-RNTI or if the UE is in RRC_INACTIVE state and a PCH assignment has been received on the PDCCH for the RP-RNTI:
2>	attempt to decode the TB on the PCH as indicated by the PDCCH information;
2>	if the TB on the PCH has been successfully decoded:
3>	deliver the decoded MAC PDU to upper layers.
:
:
:
[bookmark: _Toc510431942]7.1	RNTI values
RNTI values are presented in Table 7.1-1.
Table 7.1-1: RNTI values.
	Value (hexa-decimal)
	RNTI

	0000
	N/A

	0001–FFEF
	RA-RNTI, Temporary C-RNTI, C-RNTI, CS-RNTI, TPC-CS-RNTI, TPC-PUCCH-RNTI, TPC-PUSCH-RNTI, TPC-SRS-RNTI, INT-RNTI, SFI-RNTI, and SP-CSI-RNTI

	FFF0–FFFCD
	Reserved

	FFFD
	RP-RNTI

	FFFE
	P-RNTI

	FFFF
	SI-RNTI



Table 7.1-2: RNTI usage.
	RNTI
	Usage
	Transport Channel
	Logical Channel

	P-RNTI
	Paging and System Information change notification
	PCH
	PCCH

	RP-RNTI
	Paging concerning only RAN initiated paging
	PCH
	PCCH

	SI-RNTI
	Broadcast of System Information
	DL-SCH
	BCCH, BR-BCCH

	RA-RNTI
	Random Access Response
	DL-SCH
	N/A

	Temporary C-RNTI
	Contention Resolution
(when no valid C-RNTI is available)
	DL-SCH
	CCCH

	Temporary C-RNTI
	Msg3 transmission
	UL-SCH
	CCCH, DCCH, DTCH

	C-RNTI
	Dynamically scheduled unicast transmission
	UL-SCH
	DCCH, DTCH

	C-RNTI
	Dynamically scheduled unicast transmission
	DL-SCH
	CCCH, DCCH, DTCH

	C-RNTI
	Triggering of PDCCH ordered random access
	N/A
	N/A

	CS-RNTI
	Configured scheduled unicast transmission
(activation, reactivation and retransmission)
	DL-SCH, UL-SCH
	DCCH, DTCH

	CS-RNTI
	Configured scheduled unicast transmission
(deactivation)
	N/A
	N/A

	TPC-CS-RNTI
	Configured scheduling uplink power control
	N/A
	N/A

	TPC-PUCCH-RNTI
	PUCCH power control
	N/A
	N/A

	TPC-PUSCH-RNTI
	PUSCH power control
	N/A
	N/A

	TPC-SRS-RNTI
	SRS trigger and power control
	N/A
	N/A

	INT-RNTI
	Indication pre-emption in DL
	N/A
	N/A

	SFI-RNTI
	Slot Format Indication on the given cell
	N/A
	N/A

	SP-CSI-RNTI
	Activation of Semi-persistent CSI reporting on PUSCH
	N/A
	N/A



[bookmark: _Ref513703585]Proposed Text Changes in TS 38.213 (Affecting Section 10.1)
[bookmark: _Toc510987670][bookmark: _Ref491451763][bookmark: _Ref491466492]10.1	UE procedure for determining physical downlink control channel assignment 
A set of PDCCH candidates for a UE to monitor is defined in terms of PDCCH search spaces. A search space can be a common search space or a UE-specific search space. A UE shall monitor PDCCH candidates in one or more of the following search spaces
-	a Type0-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;
-	a Type0A-PDCCH common search space for a DCI format with CRC scrambled by a SI-RNTI on a primary cell;
-	a Type1-PDCCH common search space for a DCI format with CRC scrambled by a RA-RNTI, or a TC-RNTI, or a C-RNTI on a primary cell;
-	a Type2-PDCCH common search space for a DCI format with CRC scrambled by a P-RNTI or a RP-RNTI on a primary cell;
-	a Type3-PDCCH common search space for a DCI format with CRC scrambled by INT-RNTI, or SFI-RNTI, or TPC-PUSCH-RNTI, or TPC-PUCCH-RNTI, or TPC-SRS-RNTI, or C-RNTI, or CS-RNTI(s), or SP-CSI-RNTI; and
-	a UE-specific search space for a DCI format with CRC scrambled by C-RNTI, or CS-RNTI(s), or SP-CSI-RNTI.
Proposed Text Changes in TS 38.304 (Affecting Section 7.1)
[bookmark: _Toc506417760][bookmark: _Toc468872192]7.1	Discontinuous Reception for paging
The UE may use Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE state in order to reduce power consumption. The UE monitors one paging occasion (PO) per DRX cycle and one PO can consist of multiple time slots (e.g. subframe or OFDM symbol) where paging DCI can be sent [4]. In multi-beam operations, the length of one PO is one period of beam sweeping and the UE can assume that the same paging message is repeated in all beams of the sweeping pattern. The paging message is same for both RAN initiated paging and CN initiated paging. The PDCCH transmission is scrambled with the RP-RNTI for RAN initiated paging. For CN initiated paging, SI update notification and cases with a mixture of RAN initiated and CN initiated paging, the PDCCH transmission is scrambled with the P-RNTI.
[bookmark: _967898916][bookmark: _967899918][bookmark: _967900323][bookmark: _968057577][bookmark: _968059040][bookmark: _968059095][bookmark: _968059297][bookmark: _968059420][bookmark: _968059442][bookmark: _968060540][bookmark: _968065686][bookmark: _968484165][bookmark: _968484813][bookmark: _968484821][bookmark: _968485490][bookmark: _968491067][bookmark: _968491141][bookmark: _968493680][bookmark: _969080957][bookmark: _969081935][bookmark: _969082143][bookmark: _981793738][bookmark: _981793736]One Paging Frame (PF) is one Radio Frame, which may contain one or multiple Paging Occasion(s). 
The UE initiates RRC Connection Resume procedure upon receiving RAN paging. If the UE receives a CN initiated paging in RRC_INACTIVE state, the UE moves to RRC_IDLE and informs NAS.
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	A paging transmission may contain only RAN initiated pages, only CN initiated pages or a mixture of RAN initiated and CN initiated pages and/or ETWS/CMAS/SI update notifications, and the desired energy savings for UEs in RRC_IDLE state can be achieved only when the paging transmission only contains RAN initiated pages.
Observation 4	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	Differentiated P-RNTIs should be used to indicate whether the CN or the RAN initiated the paging.
Proposal 3	A new P-RNTI, denoted RP-RNTI, should be introduced to be used for scrambling of the CRC of the DCI on the PDCCH when a paging transmission contains only RAN initiated page(s). For all other cases of paging, i.e. when the paging transmission contains a mixture of RAN initiated and CN initiated pages and/or an ETWS/CMAS/SI update notification, the regular (old) P-RNTI should be used.
Proposal 4	RAN2 should send a LS to RAN1, asking them to include the text proposal for TS 38.213, as described in section 3.2. A draft LS is provided in R2-1806801 [5].
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