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Introduction
This contribution is revised from R1-1712063. In the RAN1 #87 meeting, there were agreements on paging in multi-beam operation in [1]. During the RAN1 #88 meeting, some conclusions for paging design were agreed as shown in [2]. In the RAN1 #90 meeting, one consideration on beam sweeping overhead is agreed.
	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 
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]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:
· 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 
Agreements-3:
· Paging mechanism should be decided for Rel-15, where the issue of beam sweeping overhead for paging transmission should be considered, especially for high frequency band with up to 64 SS-block beams
· E.g., paging occasion design with beam sweeping
· E.g., techniques to reducing the paging sweeping beams 


From the above agreements point of view, the emphasis of these two 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, and LTE-like paging scheduling was selected. Meanwhile, note that there are obvious differences between paging transmission manner by sweeping in agreements-1 and paging transmission manner using trigger in agreements-2, although triggering is FFS (for convenience, we call them “sweeping mode” and “trigger mode”, respectively).
Observation 1: The term “paging” in the agreements-1 at least includes paging DCI.
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.
Discussion
Paging mode
As shown in the agreement, the issue of beam sweeping overhead for paging transmission should be considered. In our view adding another round of beam sweeping for paging and having paging TDM with SS blocks will give too much overhead. We propose that the beam sweeping of paging is FDMed with the beam sweeping of SS blocks. In section 2.1 we show two examples how to reduce the beam sweeping overhead:
· Paging occasion design with beam sweeping
· Reduction of the number of paging occasion means that more than 16 UEs need to be paged in one paging occasion or by compressing the UE ID corresponding to S-TMSI/IMSI. The paging capability may be limited in this case but it should be up to RAN2 to decide. 
· Techniques to reducing the paging sweeping beams. 
· In this case, one natural design is that paging DCI and paging message could be multiplexed in FDM to reduce the number of symbol for beam sweeping.
· Another an efficient manner is trigger mode as shown in the next section.
Based on the above analysis, we will further discuss the concrete paging mode that can reduce beam sweeping overhead.
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 section.
So far, 4 consecutive symbols will be adopted for each SS block. In order to minimize the length of SS block, it is not reasonable to introduce other signals TDMed with SS/PBCH in SS block. And frequency multiplexed DL control transmission during SS blocks is suggested. So paging DCI can be considered as one type of the DL control transmissions, and FDM with SS blocks is more reasonable way. 
Observation 2: It is inefficient for TDM between paging and other signal or channel within the SS blocks.
For Alt1, based on some related agreements in the previous meetings, e.g., a CCE is equal to six REGs and a REG is one PRB in one OFDM symbol, NR-PBCH bandwidth is 288 subcarriers, NR-SS bandwidth is about 144 subcarriers. This means that there are at least 288 subcarriers corresponding to two symbols for PSS and SSS that can be used for carrying the paging DCI. Those 288 subcarriers are mapped to 4 CCEs. 4 CCEs aggregation level may basically meet the requirement for carrying the paging DCI. On the other hand, paging DCI can still be multiplexed in FDM manner as long as the total bandwidth is less than minimum carrier bandwidth. So far, several candidate minimum carrier bandwidth is abundant except bandwidth of SS block. Even for wideband CC in gNB side and non CA capacity in UE side, UE can receive paging DCI or paging message through retuning bandwidth. In this case, UE needs to receive SS block in advance for synchronization, training or measurement.  For the above reasons, therefore, we assume paging DCI could be multiplexed firstly. The paging message needs to be considered further. Three alternatives are given based on different transmission methods of paging message as shown in the Fig1.


Fig1. FDM between paging DCI and SS blocks
· [bookmark: OLE_LINK43][bookmark: OLE_LINK44]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
· Alt1-3: 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 be 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 beam sweeping transmission. For Alt1-2, there is also a potential limitation on the flexibility of normal data transmission due to extra beam sweeping. But the paging message set could be skipped if no paging message needs to be transmitted. For Alt1-3, 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 Alt2, in case that there are requirements for more and flexible paging occasion, Alt2 can be considered. As shown in Fig2, another round of beam sweeping is introduced for paging transmission. FDM for paging DCI and paging message and SFN-like paging message transmission can still be used as shown in Alt2-1 and Alt2-2 respectively.


Fig2. Another round of 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 five alternatives presented above should be considered. Further down selection is necessary. We prefer that FDM manner is used between at least paging DCI and SS block which can reduce beam sweeping overhead. Another round of beam sweeping for paging is an enhanced manner used for supplementing FDM manner.
[bookmark: OLE_LINK1]Proposal 1: FDM manner is used between at least paging DCI and SS block.
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-2, 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 just choosing one of the modes.
Observation 3: 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, we can see that there are some advantages to support both two modes. Several use cases are discussed below:.
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 high, sweeping mode may be more suitable. On the other hand, when DL data load is high, 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 support simultaneously use of sweeping mode and trigger mode for paging delivery.
Paging control information
For supporting the coexistence of different paging modes, there are mainly three types of information that could be considered to be included in the paging control: 
· paging message scheduling information, 
· paging indication, 
· paging reason classification instruction. 
[bookmark: _Toc475052065]For paging reason classification instruction, this information can be contained into the 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 during the interval between the 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, namely minimum SI and other SI. Different transmission mechanism for above two sets of SI will require different action for UEs. 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.
For trigger mode, as the introduction of paging indication, two different options as shown in Fig3 can be considered for paging message scheduling information transmission. 
· Option 1: as shown in Fig3(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 Fig3(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. 


Fig3. Different options for paging indication and paging message scheduling information transmission
Comparing with option 2, option 1 have 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. 
Proposal 3: Three types of information should be considered to be contained in paging control: paging message scheduling information, paging indication and paging reason classification instruction.
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]Proposal 4: For trigger mode, paging indication is transmitted in a sweeping manner, FFS for the resource carrying paging indication. Paging message scheduling information and paging message are transmitted in the PDCCH and PDSCH with on demand manner.
Paging occasion and paging periodicity
In general, SS Burst set contain one or more SS blocks. When Alt1 is used, gNB transmits the same paging in different directions by the beam sweeping structure during the SS burst set, i.e., each SS burst set with one or more SS blocks 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. A paging will be transmitted in each SS block of a certain SS burst set corresponding to a UE. So SS burst set should be defined as PO for UE paging reception under the case that Alt 1 is adopted. 
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 block by optimal beam. As discussed above, at least paging DCI will be transmitted at PO under the paging sweeping mode when paging arrived. Accordingly, at least paging indication will be transmitted at PO under the paging trigger mode when paging arrived.
[bookmark: OLE_LINK36][bookmark: OLE_LINK37]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 of sweeping resource for paging occasion between two neighboring SS burst sets, and the sweeping resources were not occupied by SS blocks. Actually, this way is similar with Alt2. Thus, this way and Alt2 both need to consider paging occasion or the periodicity of paging definition or configuration. That is to say, SS burst set or other round of beam sweeping structure can be defined as PO for UE paging reception.
[bookmark: OLE_LINK32][bookmark: OLE_LINK35]Observation 4: A larger SS burst set periodicity means fewer paging occasions. Alt2 can add paging occasions between SS burst sets.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 5: Paging in NR needs to consider new PF/PO timing, e.g. defining SS burst set or other round of sweeping structure as PO for UE paging reception.
Proposal 6: The time resource corresponding to a sweeping structure for paging DCIs transmission should be defined as PO in paging sweeping mode, and the time resource corresponding to a sweeping structure for paging indications transmission should be defined as PO in paging trigger mode. 
Conclusions
Based on the discussion above, we have the following observations and proposals: 
Observation 1: The term “paging” in the agreements-1 at least includes paging DCI.
Observation 2: It is inefficient for TDM between paging and other signal or channel within the SS blocks.
Observation 3: There are obvious difference and respective advantages and disadvantages for sweeping mode and trigger mode.
Observation 4: A larger SS burst set periodicity means fewer paging occasions. Alt2 can add paging occasions between SS burst sets.
Proposal 1: FDM manner is used between at least paging DCI and SS block.
Proposal 2: NR support simultaneously use of sweeping mode and trigger mode for paging delivery.
Proposal 3: Three types of information should be considered to be contained in paging control: paging message scheduling information, paging indication and paging reason classification instruction.
Proposal 4: For trigger mode, paging indication is transmitted in a sweeping manner, FFS for the resource carrying paging indication. Paging message scheduling information 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, e.g. defining SS burst set or other round of sweeping structure as PO for UE paging reception.
Proposal 6: The time resource corresponding to a sweeping structure for paging DCIs transmission should be defined as PO in paging sweeping mode, and the time resource corresponding to a sweeping structure for paging indications transmission should be defined as PO in paging trigger mode. 
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