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Introduction
[bookmark: _Hlk501103438]RAN1 has discussed the usage of “short” paging messages in NR, i.e. sending of paging related information in Paging DCI on PDCCH, without transmitting a regular paging message on PDSCH. Information that might be suitable for the Paging DCI message is, according to RAN1, indicators for System Information modifications and indicators for CMAS and ETWS notifications.
At their last meeting, RAN1 agreed to support this type of paging messages in NR. So far, RAN2 has not discussed this topic.
This paper discusses some aspects related to inclusion of a short paging message in DCI on PDCCH, i.e. a DCI Paging message.
Discussion
[bookmark: _Hlk498438933][bookmark: _Hlk492025588]In some paging use cases, the paging information transmitted on PDSCH is expected to be short and will only utilize a fraction of the paging message capacity. These paging messages could e.g. contain PWS emergency information and indications of System Information changes. It is also expected that transmission of Paging Group identifiers, if the concept of Response-driven paging is supported, will occupy a minor part of the paging message capacity.
[bookmark: _GoBack]According to a RAN1 contribution [1], the DCI Paging message sent on PDCCH may carry up to 50 bits of L3 information. With this in mind, a short paging message as discussed above (containing PWS emergency notifications etc.) can easily fit into the DCI as a DCI Paging message transmitted on PDCCH, i.e. without the need to send a regular paging message on PDSCH.
It is obvious that sending of short paging messages (or DCI Paging messages) will save DL transmission resources, which is especially important in deployments where multi-beam operation is supported. It is also clear that the exclusion of a regular paging message transmitted on PDSCH will reduce the time the UE needs to receive the paging information.
[bookmark: _Hlk502906306][bookmark: _Hlk501117715]It shall be observed that a similar concept with “short” paging messages has already been agreed in LTE with the support of Direct Indication Information in Rel-13 [2]. When Direct Indication Information is transmitted on MPDCCH, the regular Paging message, transmitted on MPDSCH, is not sent.
Given that RAN1 has agreed to support the usage of short paging messages on PDCCH without sending a regular paging message on PDSCH, RAN2 should acknowledge the RAN1 agreement and start a discussion on how to utilize this feature, e.g. for which use cases to use transmission of DCI Paging messages on PDCCH.
[bookmark: _Toc498732539][bookmark: _Toc498719545][bookmark: _Toc498670809][bookmark: _Toc498670421][bookmark: _Toc494747024][bookmark: _Toc494713817][bookmark: _Toc494440137][bookmark: _Toc501121264][bookmark: _Toc501187166][bookmark: _Toc501437132][bookmark: _Toc501437191][bookmark: _Toc501454187][bookmark: _Toc501703802][bookmark: _Toc503448459][bookmark: _Toc503448592]RAN2 should acknowledge the RAN1 agreement to support DCI Paging messages transmitted on PDCCH when paging information fits into the DCI Paging message space.
[bookmark: _Hlk501099852]If the PDCCH transmission does not contain the regular DCI information, the DCI Paging message conveys the paging information itself. Assuming the DCI Paging message has the capacity of carrying approximately 50 bits of information, the following type of information could be included in the DCI Paging message.
Table 1: Information element (IE) candidates in a DCI Paging message transmitted on PDCCH
	systemInfoModification
	Indication of a change to a System Information message.

	systemInfoModification-eDRX
	Indication of a change to a System Information message. This indication applies only to UEs using eDRX cycle longer than the BCCH modification period.

	etws-Indication
	Indication of an ETWS primary notification and/ or an ETWS secondary notification.

	cmas-Indication
	Indication of a CMAS notification.

	[bookmark: _Hlk503259414]pagingIndicator
	One or more paging indicators used at Response-driven paging. 



All information elements except the pagingIndicator are defined in the LTE Paging message [2] with a length of one bit. Similar sizes can also be expected in NR.
[bookmark: _Hlk503259938]The systemInfoModification IE is possibly replaced by a value tag (SystemInformationValueTag) as proposed in a companion paper [3]. Also the etws-Indication IE and the cmas-Indication IE could be replaced by a generic indicator, as proposed in another companion paper [4].
The need for a systemInfoModification-eDRX IE (or equivalent information element) will be discussed when support of longer paging DRX cycles (e.g. extended DRX) is eventually discussed in RAN2.
[bookmark: _Hlk501451008]Provided the concept of Response-driven paging is supported, the pagingIndicator may vary in length depending on which paging identifier solution is finally agreed in 3GPP (truncated UE ID, UE ID hashing into a bitmap etc.). However, the upper limit of a single pagingIndicator information element will likely not exceed the length of the S-TMSI as defined in LTE.
In case multiple UEs are paged simultaneously, multiple pagingIndicator IEs may be included in the DCI Paging message (this depends on the size of the pagingIndicator IE as well as on the available space in the DCI). If the compound size of the pagingIndicator IEs of UEs to be paged exceeds the available space in the DCI Paging message, then some or all pagingIndicator IEs have to be transmitted on PDSCH.
It shall be observed that the information elements listed in Table 1 are just examples of fields that could be provided in the DCI Paging message transmitted on PDCCH. As the RAN2 discussion related to these information elements have just started, the final solution in respect to number of information elements, implication of information elements, information element names etc. is likely to be different.
[bookmark: _Toc498732540][bookmark: _Toc498719546][bookmark: _Toc498670810][bookmark: _Toc498670422][bookmark: _Toc501121265][bookmark: _Toc501187167][bookmark: _Toc501437133][bookmark: _Toc501437192][bookmark: _Toc501454188][bookmark: _Toc501703803][bookmark: _Toc503448460][bookmark: _Toc503448593][bookmark: _Hlk501454110]As a minimum, an indicator (or a value tag) for System Information updates and an indicator for Public Warning System notifications should be included in the DCI Paging message transmitted on PDCCH. Also a paging indicator used at Response-driven paging should optionally be included in the DCI Paging message, given that the Response-driven paging concept is agreed in RAN2.
[bookmark: _Hlk502906659]Whether the DCI Paging message shall be defined as a regular RRC message in 3GPP TS 38.331, or as the LTE Direct Indication Information definition in 3GPP TS 36.331, can be discussed. However, one can see at least one benefit with a regular RRC message definition in which the DCI Paging message is defined as a variant of the Paging message. Depending on the amount of paging information to be transmitted at a given point, the RRC Paging message could either be sent as a Paging message on PDSCH or as a DCI Paging message on PDCCH. 
[bookmark: _Toc501121266][bookmark: _Toc501187168][bookmark: _Toc501437134][bookmark: _Toc501437193][bookmark: _Toc501454189][bookmark: _Toc501703804][bookmark: _Toc503448461][bookmark: _Toc503448594]The DCI Paging message is preferably defined as a regular RRC message in 3GPP TS 38.331.

[bookmark: _Hlk493165034]Conclusion
In this paper we propose the following:
Proposal 1	RAN2 should acknowledge the RAN1 agreement to support DCI Paging messages transmitted on PDCCH when paging information fits into the DCI Paging message space.
Proposal 2	As a minimum, an indicator (or a value tag) for System Information updates and an indicator for Public Warning System notifications should be included in the DCI Paging message transmitted on PDCCH. Also a paging indicator used at Response-driven paging should optionally be included in the DCI Paging message, given that the Response-driven paging concept is agreed in RAN2.
Proposal 3	The DCI Paging message is preferably defined as a regular RRC message in 3GPP TS 38.331.
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