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1 Introduction
In the RAN1 #87 meeting, there were agreements on paging in multi-beam operation in [1]. During the RAN1 AH_NR meeting in Spokane, five options for paging channel design were summarized in [2]. In the RAN1 #88 meeting, some conclusions were agreed as shown in [3].
	Agreements-1:
· For paging in multi-beam operation, support beam sweeping for paging, and study the following methods:

· Alt-1: Multiplexing paging with SS blocks

· FFS: Details of paging 

· Alt-2: Adding another round of beam sweeping for paging 

· Note: Another round of beam sweeping is different from the beam sweeping of SS burst set 

· Other alternatives are not precluded

· Companies report their assumption for paging

Agreements-2:
· Companies are encouraged to compare the following options for channel design for paging, taking the necessity of beam sweeping into consideration

· Opt-1: Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted over PCH carried by NR-PDSCH

· Opt-2: Paging message is transmitted in a non-scheduled physical channel 

· Where the paging indication may be carried by NR-PBCH or some other channel(s)

· Opt-3: Paging message is transmitted over PCH carried by NR-PDSCH without DCI. The resource is semi-statically configured

· Opt-4: Paging message (e.g., only for SI change indication) is transmitted over NR-PDCCH without NR-PDSCH

· Opt-5: Paging message is transmitted by PDSCH and paging indication is transmitted non-scheduled physical channel

· Companies are encouraged to provide their views on 

· Definitions of paging occasion and paging periodicity

· Content and payload of paging message

· RAN1 sends a LS to RAN2, asking about

· Paging payload and capacity requirement
Agreements-3:
· Support the paging channel design at least for RRC idle mode as follows:

· Paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH

· FFS: 

· Paging indication triggers UE beam reporting (if supported) 

· Opt-1: paging indication is in DCI

· Opt-2: paging indication is in non-scheduled physical channel

· How to indicate SI update if it is supported in paging 


From the above agreements point of view, the emphasis of these three agreements is different. For agreements-1, it asks whether another round is needed. Note that “paging” itself includes paging DCI and paging message, from the current conclusion, we think the term “paging” in agreements-1 at least includes paging DCI. For agreements-2, it is more emphasis on where the message is carried. However, in the RAN1 #88 meeting, these five options were down-selected into LTE-like paging scheduling in agreements-3. Meanwhile, note that there are obvious differences between paging transmission manner by sweeping in agreements-1 and paging transmission manner using trigger in agreements-3, although triggering is FFS (for convenience, we call them “sweeping mode” and “trigger mode”, respectively).
In this contribution, we will discuss three aspects. In the first aspect, we will analyze two paging modes and the requirements for coexistence between the two modes. In the second aspect, we will discuss paging control information. The last aspect is about paging occasion and paging periodicity.
Observation 1: The term “paging” in the agreements-1 at least includes paging DCI.
2 Discussion
2.1 Paging mode
2.1.1 Sweeping mode
In this section, we consider various structures and schemes for the transmission of paging DCI and paging message. In other words, Opt-1 is used as the baseline in this discussion.

For Alt1, if FDM between paging DCI and SS blocks is used, perhaps not enough REs are mapped for paging message due to uncertain overhead of paging message, structure of SS blocks and system bandwidth. In other words, it is difficult to confirm whether frequency multiplexing of the paging message is feasible. Here, we think paging DCI could be multiplexed firstly. The paging message needs to be considered further. Four Alternatives are given based on different transmission methods of paging message as shown in the Fig1.
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Fig1. FDM between paging DCI and SS blocks

· Alt1-1: multiplexing of paging message with data transmission in a normal slot with the same beam direction

· Alt1-2: a separate paging message set for paging message transmission
· Alt1-3a: one or more symbols are added to the SS blocks to fit also the paging message

· Alt1-4a: the paging message is transmitted on a special resources using quasi-omnidirectional and repeating transmission

Some advantages/disadvantages of the alternatives above can be observed. For Alt1-1, higher delay for the reception of urgent paging messages can be expected. This may resolved if the paging message can be scheduled right after the SS burst set. Meanwhile, one disadvantage of Alt1-1 could be that in case of analog/hybrid BF, the beamforming configuration of a whole data slot may be constrained in advance by the time the DCI is transmitted. This may impact the data transmission flexibility in the data slot. This means that mini slots could be useful for sweeping transmission. For Alt1-2, there is also a potential limitation on the flexibility of normal data transmission due to extra sweeping. But the paging message set could be skipped if no paging message needs to be transmitted. For Alt1-3a, no new rounds of one beam sweeping are introduced, but the expanded structure of SS blocks needs to be considered. The extra symbols added in each block of all SS burst set are almost wasted if no paging is transmitted, because this symbol is not easy to reuse for other purposes. For Alt1-4a, the link budget and inter-cell interference could be improved if SFN-like transmission is used for paging message transmission, but synchronization timing is needed between TRPs or gNBs.

For Alt1, if TDM between paging (including paging DCI and paging message) and SS blocks is used, one or more symbols are added to the SS blocks to map paging DCI and paging message. This structure still keeps the beam sweeping to only the SS blocks instead of adding another round of beam sweeping with a paging message set. Note that FDM for paging DCI and paging message is used under this structure, i.e, paging message is also transmitted by beam mode, here, we can denote it as Alt1-3b. Similarly, we can get Alt1-4b. Note that the difference between Alt1-3a and Alt1-3b as well as between Alt1-4a and Alt1-4b is that the first (a) uses frequency multiplexing of paging in the SS blocks, whereas the second (b) uses time multiplexing in the SS blocks. Similarly, Alt1-3a, Alt1-3b and Alt1-4b all have the same disadvantage that the extra symbols added in each block of all SS burst set are almost wasted if no paging is transmitted.
Observation 2: It is inefficient for TDM between paging and other signal or channel in the SS blocks.
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Fig2. TDM of paging (including paging DCI and paging message) in SS blocks

· Alt1-3b: one or more symbols are added to the SS blocks to map paging DCI and paging message, and paging message is transmitted by beam sweeping and multiplexed with paging DCI in FDM

· Alt1-4b: one or more symbols are added to the SS blocks to map paging DCI, and the paging message is subsequently transmitted by quasi-omnidirectional and repeating transmission

For Alt2, there is no essential difference between Alt1 in TDM and Alt2 other than another round of beam sweeping. Thus, FDM for paging DCI and paging message still can be used like Alt1-3b, SFN-like still can be used like Alt1-4b, and we can respectively denote it as Alt2-1 and Alt2-2 as shown in the Fig3.
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Fig3. Another round for beam sweeping

· Alt2-1: another round of beam sweeping is added to map paging DCI and paging message. The paging message is transmitted by beam sweeping and frequency multiplexed with paging DCI.

· Alt2-2: another round of beam sweeping is added to map paging DCI. The paging message is subsequently transmitted by quasi-omnidirectional and repeating transmission

At this point, at least the eight Alternatives presented above should be considered. Eventually, further narrowing down is necessary. However, it is still uncertain whether FDM of the paging message provides enough REs to carry the paging message payload. Depending on the paging payload, Alt2 could be narrowed down according to whether paging could be mapped into the SS blocks.

However, there may be other issue when sweeping structure including SS burst set or another round is used. The flexibility of data transmission may be constrained to some extent when one or more continuous slot(s) are used for sweeping structure transmission, especially if a long sweeping structure is used. Configuring a long sweeping structure in a discontinuous manner may be useful to avoid negative impact on the flexibility of data transmission.
Observation 3: Whether enough REs could be mapped paging in the SS blocks is still uncertain due to structure of SS blocks and system bandwidth even if there is a LS to RAN2 to confirm overhead of paging.

Proposal 1: NR needs to consider optimal structure of paging depending on overhead of paging and structure of SS blocks.
2.1.2 Trigger mode
A challenging problem for sweeping mode is that an excessive beam sweeping structure limits simultaneous data transmission. Due to this reason, trigger mode has been proposed so that paging can be transmitted directly in the best DL Tx beam. For “paging indication” in “Paging indication triggers UE beam reporting (if supported)” in agreements-3, it is used to trigger UE reporting. The intent is that a UE that has received the paging indication reports the best DL Tx beam to gNB so that gNB can accurately use the corresponding beam to send information to the UE. The UE’s reporting of best DL Tx beam could use methods discussed for random access, such as association between DL Tx beam and subset of RACH resources and/or subsets of RACH preamble indices. This mode can be seen as non-sweeping mode, i.e., trigger mode. When paging is indicated, this means that the PO has a paging message, but it does not indicate which UE’s paging message. However, trigger mode may require excessive random access resources for UE beam reporting. Here, we list the respective advantages and disadvantages of sweeping mode and trigger mode:
· For sweeping mode
· Advantages: Better paging performance (higher reliability, lower latency) can be expected, since the additional step with beam reporting through PRACH is avoided. Furthermore, no PRACH resources need to be reserved.
· Disadvantages: The more sweeping structure, the greater blocking for NR-PDSCH due to sweeping structure

· For trigger mode
· Advantages: When DL data load is larger, trigger mode can avoid the blocking for NR-PDSCH brought by sweeping mode if sweeping mode is used
· Disadvantages: The additional UE beam reporting step may fail, which impacts paging performance. Dedicated PRACH resources are required.
Based on the above comparison between the two modes, we think that both could be used rather than choosing one.
Observation 4: There are obvious difference and respective advantages and disadvantages for sweeping mode and trigger mode.
2.1.3 Coexistence of sweeping mode and trigger mode paging
Based on the above analysis, the requirement for coexistence between two modes can be seen. Assuming this requirement, we provide several use case.

In general, UE transmission, e.g. PRACH, following paging is not needed when the paging message includes only SI update or similar type (ETWS/CMAS/EAB/SI update-eDRX). For such messages, initiating a random access process with trigger mode paging might not be suitable, since the reported best DL Tx beam will not be used for completing the 4-step random access procedure. Moreover, SI update should be transmitted in each PO so that all UEs in all directions can receive the SI update information. In this case, trigger mode paging may results in unnecessary PRACH transmission by many UEs. Thus, sweeping mode is more suitable for SI update only. Contrarily, UE will establish connection when the paging message includes a coming call, which means that random access process is needed anyway. Thus, trigger mode is more suitable for paging message delivery for the coming call case. Therefore, gNB may define two kinds of PO corresponding to SI update only and the coming call with/without SI respectively.
When UL random access load is larger, sweeping mode may be more suitable. On the other hand, when DL data load is larger, trigger mode may be more suitable. Therefore, gNB may define cell-specific paging mode.
For UEs in connected mode, it is often easy to obtain the best DL Tx beam for gNB. Thus, trigger mode is more suitable. Therefore, the mode of paging message delivery may be selected according to UE’s state.
Proposal 2: NR needs to support simultaneously use of sweeping mode and trigger mode for paging delivery.
2.2 Paging control information
For supporting different paging mode coexistence, there are mainly three types of information could be considered to be contained in paging control: paging message scheduling information, paging indication and paging reason classification instruction. 
For paging reason classification instruction, this information can be contained into paging control when paging reason includes SI modification indication. A major benefit is paging message can be omitted especially for only SI modification. And modified SI can be obtained by UEs in advance for interval between paging message scheduling and paging message in case of missing SI reception occasion. In current discussion of broadcast signal/channel, there are two different sets of SI would be defined as minimum SI and other SI. Different transmission mechanism for above two sets of SI will require different action for terminals. So a further indication for distinguishing SI set may be needed in paging reason classification instruction. 
For paging indication, one or more bits can be involved. The main functions of paging indication is that triggering DL beam reporting and further grouping UEs belong to the same PO. Each bit of paging indication is corresponding to a group of UE.
As the introduction of paging indication, two different options as shown in Fig4 can be considered for paging message scheduling information transmission. 
· Option 1: as shown in Fig4(a), paging indication and paging message scheduling are transmitted in the same PDCCH with sweeping manner, and paging message carried in PDSCH with on demand manner. 

· Option 2: as shown in Fig4(b), paging indication is transmitted in a non-scheduled channel (e.g. PBCH) or PDCCH with sweeping manner, paging message scheduling and paging message are transmitted in the PDCCH and PDSCH with on demand manner. 
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Fig4. Different options for paging indication and paging message scheduling information transmission
Comparing with option 2, the option 1 shows some disadvantages as follows: 

· Higher paging message scheduling overhead due to sweeping transmission

· Unnecessary transmission of the paging message scheduling information on all DL Tx beams in some cases
· Scheduling flexibility constraint: the paging message needs to be scheduled a long time in advance, without knowing which beam that will be reported
Therefore, option 2 seems to be a reasonable option for paging indication and paging message scheduling information transmission. Furthermore, non-scheduled channel (e.g. PBCH) should be considered for paging indication transmission as lower complexity for UE reception. 
Proposal 3: Three types of information could be considered to be contained in paging control: paging message scheduling information, paging indication and paging reason classification instruction.

Proposal 4: Paging indication is transmitted in a non-scheduled channel (e.g. PBCH) with sweeping manner, paging message scheduling and paging message are transmitted in the PDCCH and PDSCH with on demand manner.
2.3 Paging occasion and paging periodicity
In general, SS Burst set contains one or more SS burst. When Alt1 is used, gNB transmits the same paging to different direction by the SS block structure during the SS burst set, i.e., each SS burst set only completes one paging. Thus, there is no difference between paging frame (PF) and paging occasion (PO), which results in a necessity to reconsider paging timing. UE only needs to confirm that its paging may be transmitted in a certain SS burst set, and receive potential paging. Preferably, UE might have already obtained optimal downlink Tx and Rx beam before the UE receives the paging so that UE could receive paging in the SS blocks by optimal beam. On the other hand, with a larger SS burst set periodicity many UEs may correspond to the same paging occasion. To alleviate this situation, other paging occasion other than SS burst set should also be considered, such as, equal interval increasing another round for paging occasion between SS burst set. Actually, this way is similar with Alt2. Thus, this way and Alt2 all need to consider paging occasion or the periodicity of paging definition or configuration.
Observation 5: A larger SS burst set periodicity means fewer paging occasions. Alt2 can add paging occasions between SS burst sets.
Proposal 5: Paging in NR needs to consider new PF/PO timing.
3 Conclusions
Based on the discussion above, we have the following observations and proposals: 

Observation 1: Text “paging” in the agreement-1 at least included paging DCI.
Observation 2: It is inefficient for TDM between paging and other signal or channel in the SS blocks.

Observation 3: Whether enough REs could be mapped paging in the SS blocks is still uncertain due to structure of SS blocks and system bandwidth even if there is a LS to RAN2 to confirm overhead of paging.

Observation 4: There are obvious difference and respective advantages and disadvantages for sweeping mode and trigger mode.
Observation 5: A larger SS burst set periodicity means fewer paging occasions. Alt2 can add paging occasions between SS burst sets.
Proposal 1: NR needs to consider optimal structure of paging depending on overhead of paging and structure of SS blocks.
Proposal 2: NR needs to support simultaneously use of sweeping mode and trigger mode for paging delivery.

Proposal 3: Three types of information could be considered to be contained in paging control: paging message scheduling information, paging indication and paging reason classification instruction.

Proposal 4: Paging indication is transmitted in a non-scheduled channel (e.g. PBCH) with sweeping manner, paging message scheduling and paging message are transmitted in the PDCCH and PDSCH with on demand manner.

Proposal 5: Paging in NR needs to consider new PF/PO timing.
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