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Introduction
In the RAN1 #90bis meeting, several relevant agreements were made. In this contribution, we will mainly analyze the four options for down selection and discuss remaining issues on paging.
	Agreements-1:
· For paging, RAN1 to down-select from the following options
· Option 1: Paging DCI followed by Paging Message
· Note: These do not imply that they are consecutive
· Option 2: Paging group indicator triggering UE feedback and Paging DCI followed by Paging Message
· Option 3: Paging group indicator and Paging DCI followed by Paging Message
· Option 4: Paging DCI indicates use of Option 1 or 2. 
· RAN1 to send LS to RAN2 on whether Paging DCI and Paging Message can be in the same or different POs, including the above options.
Agreements-2:
· At least Option 1 (Paging scheduling DCI followed by Paging Message) is supported
· From RAN1 perspective, paging scheduling DCI and Paging Message are sent at least in the same slot
· From RAN1 perspective, NR supports LTE-like UE grouping where UE is specifically configured of its PO/slot. This is considered part of Option 1.
· Details of UE grouping are up to RAN2 
· LS to RAN2 to inform the above agreements – Teck (Huawei) (R1-1718926), which is endorsed in R1-1719164 with the following updates:
· Update the note to “Note that in RAN1#86bis, the following agreements were made:
· NR supports at least same-slot and cross-slot scheduling for DL.”
Agreements-3:
· Paging DCI and Message numerology is the same as RMSI. 
Agreements-4:
· At least some parameters for Paging Occasions are explicitly signaled. 
· RAN1 understands this includes at least periodicity for the UE to monitor the paging scheduling DCI.
· Up to RAN2 to decide whether the above such information is in RMSI or OSI
· FFS: whether to support FDM of Paging Occasions and it’s configuration
Agreements-5:
· UE may assume QCL between SS Blocks, Paging DCIs and Paging Messages
· FFS: The details on the associations between SS blocks and possible subsets of Paging DCI/Messages.
Agreements-6:
· NR supports both slot and non slot based PDSCH  transmissions for Paging delivery
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the Paging PDSCH is supported
· FFS: Support of non-slot for PDCCH for Paging delivery



Discussion
Paging modes
From agreement-1, agreement-2 and R1-1719164, we note that option 1 is supported regardless of which of the four options that will be selected, and we also note that RAN1 has not precluded options 2, 3 or 4, i.e. further selection is anticipated.
Option 2 means that the paging group indicator and paging scheduling DCI are merged and transmitted together. The paging group indicator triggers UE feedback of the best DL Tx beam. 
Option 3 means that a paging group indicator that doesn’t trigger UE feedback is transmitted before the paging scheduling DCI so that UE power saving gain can be obtained. 
Option 4 is a combination between different options. For convenience of discussion, in this contribution, we call the case that paging scheduling DCI and paging message are both beam swept as “sweeping mode”, the case that a paging group indicator triggers UE feedback as “trigger mode”, and the case that the UE doesn’t need to receive paging scheduling DCI, unless indicated in a paging group indicator, as “power saving mode”, and the case that reduce UEID overhead as “compressing mode” (discussed further below).
Based on the above analysis, we will further discuss the concrete paging modes. Before discussion, here, we firstly give a clarification about the term "Paging Group Indicator" in agreements-1. In general, the paging group indicator addresses a smaller group of UEs than what is given by the PO/slot (as in agreements-2).However, the subsequent action by the UE, if addressed by the indicator, is different in the different modes. For trigger mode (UE feedback), "Paging Group Indicator" triggers UE feedback, and is sent independently or as a part of the paging scheduling DCI, and it is masked by P-RNTI. For power saving mode, the "Paging Group Indicator" informs UEs whether they should receive the subsequent paging scheduling DCI, and it can be only sent independently. For compressing mode, "Paging Group Indicator" is used to reduce UEID overhead, and it can be only sent in the paging message. This approach is not contradictory with the options 1-4 and should be up to RAN2 to decide. So, we will not discuss it further in this contribution.
2.1.1 Sweeping mode (option 1)
[bookmark: OLE_LINK1]In our understanding, the current mechanism of option 1 is that the paging scheduling DCI is followed by the paging message, which is also apart of other options. So, option 1 can be seen as a baseline functionality. In essence, to complete UE paging in all directions, paging scheduling DCI and paging message need to be swept in all beams in all cells in the paging area when option 1 is used. This can result in excessive beam sweeping of paging which can severely limit simultaneous data transmission, especially in deployments with many beams
2.1.2 Trigger mode (option 2)
[bookmark: _GoBack]To keep down the beam swept paging transmissions, trigger mode has been proposed so that paging message can be transmitted directly in the best DL Tx beam and in only one cell. AUE that has received the paging group indicator reports the best DL Tx beam and current cell to gNB by PRACH so that the gNB can accurately use the corresponding DL Tx beam for paging message transmission  to the UE. The UE’s reporting of best DL Tx beam should use methods already available for random access, i.e.  the association between DL Tx beam and subset of RACH resources and/or subsets of RACH preamble indices. In this mode, only the light-weight paging group indicator is beam swept in all cells where the UE can be. When UEs receive the paging group indicator, this means that the PO has a paging message, but it does not indicate to which UE in the indicated paging group. However, trigger mode require reserving some random access resources for UE beam reporting. Here, we list the respective advantages and disadvantages of sweeping mode and trigger mode:
· For sweeping mode (option 1):
· 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: More beam sweeping transmissions resulting in greater blocking of NR-PDSCH due to the sweeping, as well as increased network power consumption.
· For trigger mode (option 2)
· Advantages: The amount of beam swept paging transmissions in the network can be significantly reduced. Thus, when the DL data load is high, trigger mode can avoid excessive blocking of NR-PDSCH.
· 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, it is clear that there are situations and scenarios when one mode is preferable and other situations and scenarios where the other mode is preferable. Therefore, both modes should be supported.
Observation 1: There are obvious respective advantages and disadvantages for sweeping mode (option 1) and trigger mode (option 2).
For trigger mode, as the introduction of paging group indicator, two different approaches as shown in Fig1 can be considered.
· Approach(a): as shown in Fig1(a), the paging group indicator and the paging scheduling DCI are transmitted in the same PDCCH in a sweeping manner, and paging message carried in PDSCH in an on demand manner.
· Approach(b): as shown in Fig1(b), the paging group indicator is transmitted in a non-scheduled channel or PDCCH1 in a sweeping manner, paging scheduling DCI and paging message are transmitted in the PDCCH2 and PDSCH in an on demand manner.


Fig1. Different approaches for paging group indicator and paging scheduling DCI transmission
Comparing with approach(a), approach(a)has some disadvantages as follows:
· Higher paging scheduling DCI overhead due to sweeping transmission
· Unnecessary transmission of the paging scheduling DCI 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
Proposal 1: The paging group indicator is transmitted in a separate paging group indicator DCI, separate from the paging scheduling DCI when trigger mode (option 2) is used.
2.1.3 Power saving mode (option 3)
For option 3, one understanding seems that no paging group indicator means UE needn’t to receive paging scheduling DCI and can continue to sleep for power saving.  But the issue is mismatched understanding between gNB and UE when gNB actually transmitted paging group indicator but UE did not receive paging group indicator successfully. In other words, "no paging group indicator" can be not used for determining anything. Therefore, we prefer explicit notification to UE even if UE needn’t to detect paging scheduling DCI under sweeping mode. On the other hand, note that it is natural to have power saving for trigger mode if paging group indicator with triggering UE feedback is transmitted before paging scheduling DCI.
Proposal 2: Paging group indicator should be always explicitly presented when power saving mode (option 3) is used.
2.1.4 Coexistence of different modes (option 4)
Based on the above analysis, we can see that there are some advantages to support both sweeping mode and trigger mode. Several use cases are discussed below.
In general, UE transmission, e.g. in a random access procedure, following paging is not needed when the paging message includes only an SI update or a similar type (ETWS/CMAS/EAB/SI update-eDRX). For such paging messages, initiating a random access procedure 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 type paging message should be transmitted in each PO and with beam sweeping so that all UEs in all directions can receive the SI update information. In this case, trigger mode paging may result in unnecessary PRACH transmission by many UEs. Thus, sweeping mode is more suitable for SI update. On the other hand, UEs will need to establish a 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. Initiating the random access procedure already during the paging, i.e. the PRACH is transmitted already before the paging message, can shorted the random access procedure duration, resulting in faster transition to CONNECTED mode.
Observation2: Sweeping mode (option 1) is more suitable when the paging is not followed by a random access procedure, e.g. when the paging message is SI update. Trigger mode (option 2) is more suitable when the paging is followed by a random access procedure.
Proposal 3: NR should support simultaneously sweeping mode (option 1) and trigger mode (option 2) due to different use cases. This means option 4 should be supported.
UE power saving is an important  KPI in NR and power efficiency during paging is an important part of the overall UE power consumption. In order to further reduce power consumption, we think that a further modification on top of  option 4 should be considered. Firstly, concrete paging mode is selected, then two branches is listed. For sweeping mode branch, always explicit paging group indicator is used to indicate power saving even if UE needn’t to detect paging scheduling DCI, UE continue to sleep when UE receive paging group indicator is “YES”, and UE will detect paging scheduling DCI when UE receive paging group indicator is “NO”. For trigger mode branch, it is natural to have power saving if paging group indicator with triggering UE feedback is transmitted before paging scheduling DCI.
Proposal 4: NR should support modified option 4 if power saving requirement is strong, otherwise, NR should support the current option 4.
Remaining issues on paging
2.2.1 UE group corresponding to paging group indicator
As described in section 2.1.2, we propose to introduce paging group indicator for triggering UEs to feedback their best DL Tx beam for further paging transmission in trigger mode. In order to reduce the number of UE triggered falsely, UE under a same PO will be further divided into different groups. Paging group indicator will contain multi-bits bitmap for triggering UE feedback in grouping manner. Each bit of paging group indicator corresponds to one group of UE, so that the UE in the group without paged UE will not be triggered for beam reporting. This can significantly reduce the PRACH transmissions in triggered mode. 
One issue is how to further divide UEs under the same PO into different paging group? A UE-specific information, e.g. UE id can be considered to serve as the basis of grouping. It is worth noting that, referring to the current LTE system, the UE id is also used to determine which PO the UE belongs. So the least several significant bits will be the same for UEs under the same PO. In order to further divide UEs under the same PO into different groups, it is appropriate to use the middle several significant bits of the UE id. 
Proposal 5: UEs under the same PO should be divided into different paging groups based on a part of the UE id, e.g. the middle several significant bits of the UE id.
2.2.2 Detailed procedure of trigger mode
In Fig2, different procedure branches of trigger mode have been given. The paging group indicator will be transmitted by gNB in the paging occasion while DL data is arriving for some of UE belonging to the PO. As described in the above section, the paging group indicator contains a multi-bits bitmap for triggering one or more group of UE to report their best DL Tx beam. After beam report repetition, there are three procedure branches that can be further considered. 
· Branch 1: the gNB will transmit paging scheduling DCI in PDCCH and scrambled by P-RNTI, and followed by paging message in PDSCH.
· Branch 2: the gNB reuse MSG.2 to response UEs which being paged.
For branch 1 and 2, UE being paged need to access network by sending preamble again. 
· Branch 3: more steps of random access procedure will be introduced for paging transmission, so that some being paged UEs may complete random access during this procedure. 
Branch 3 seems to be an attractive option due to extra preamble transmission may be saved. And it may be feasible under the case that there are a small number of UE in a being paged group. But when there are large amounts of UEs sending preamble simultaneously, collision cannot be avoided effectively and few or no UE can access network successfully. Random access process will still be needed.



Fig2. Different procedure branches for trigger mode
Proposal 6: In Rel15, branch 1 should be served as the baseline procedure for trigger mode (option 2).
2.2.3 Configuration of PRACH for Trigger mode
In trigger mode, UEs report the preferred DL Tx beam. Since paging is used in idle mode, it is natural to consider the SSB based DL Tx beams. The same mechanism as in SSB random access procedure can be reused, i.e. the UE can select an SSB that is above a configured threshold.
One dedicated resource per SSB is required, where a resource is a combination of RACH occasion and preamble index. The same association framework as for contention based random access (CBRA) can be used. 
For example, if CBRA uses one-to-one mapping between SSBs and RACH occasions, then the same mapping should be used for RACH resources selection in paging trigger mode. In this case, one dedicated preamble can be assigned that is used in these RACH occasions, i.e. the DL Tx beam is indicated by the UE selection of RACH occasion. 
If CBRA uses many-to-one mapping between SSB and RACH occasions, then the paged UE selects different preamble indices for different selected SSBs in trigger mode, just as in CBRA. However, preamble indices not reserved for CBRA need to be used for the paging trigger mode.
In order to keep down the amount of reserved PRACH resources for trigger mode, it is sufficient if a single RACH resource (time/frequency/index) per SSB is reserved after each PO in which triggered paging can be used. These RACH resources can follow in time shortly after the paging group indicator is transmitted, but with sufficient time for UEs to decode the indicator and prepare the PRACH.
Observation3: Trigger mode (option 2) may be better to reuse at least part of PRACH process, especially for MSG.1.
2.2.4 Supporting for FDM
Regarding “FFS: whether to support FDM of Paging Occasions and it’s configuration” in the agreement-4. Note that TDM and FDM between SS block and CORESET/NR-PDSCH for RMSI had been supported. It seems to be natural to also support TDM and FDM between SS block and CORESET/NR-PDSCH for paging especially for the case this CORESET may carry NR-PDCCH for RMSI and paging simultaneously. However, there is an obvious difference between periodicity of paging and RMSI, i.e., it is impossible to share the same CORESET at every moment. In our view adding another round of beam sweeping for paging and having paging TDM with SS blocks will give too much blocking for normal NR-PDSCH. We propose that the beam sweeping of paging is FDMed with the beam sweeping of SS blocks as much as possible as long as there is no latency requirement for UE to acquire paging if the combined bandwidth for SS block and paging exceeds the UE capability.
Proposal 7:FDM manner should be used between at least paging scheduling DCI and SS block as long as there is no latency requirement for UE to acquire paging if the combined bandwidth for SS block and paging exceeds the UE capability.
2.2.5QCL between SS Blocks and paging
Regarding “FFS: The details on the associations between SS blocks and possible subsets of Paging scheduling DCI/Messages” in the agreement-5. Firstly, there are two possible alternatives about how to QCL, e.g, configurable manner and predefined manner. In our understanding, to do combination of PBCH contents between multiple SS block burst set, SS block index within the same direction corresponding to multiple SS block burst set remain unchanged even if actual transmitted SS block is up to gNB implementation. On the other hand, note that this QCL should be applied for idle UE, i.e., beam width corresponding to SS block and paging signal, especially for paging signal with sweeping. Thus, it is easy and feasible to pre-define QCL association in the specification. Secondly, we think that the associations between SS blocks and possible subsets of paging scheduling DCI/Messages can use the same mechanism for RMSI CORESET and RMSI timing configuration.
Proposal 8: QCL relationship between SS block and paging signal should be predefined and association can use the same mechanism for RMSI CORESET and RMSI timing configuration.
2.2.6Non-slot for NR-PDCCH for paging delivery
Regarding “FFS: Support of non-slot for PDCCH for Paging delivery” in the agreement-6. We note that non-slot for PDCCH for RMSI or PRACH are all FFS in RMSI or PRACH session. In our understanding, this is a common question for these three parts. We think that non-slot based PDCCH is required at least for the following two cases. It is natural to support non-slot based PDCCH when FDM between SS block and CORESET for paging is used. Another case is that multiple non-slot based PDCCH monitoring occasions for paging in a certain time domain (e.g., in one slot) are needed.
Proposal 9: NR should support non-slot based PDCCH for paging delivery.
Conclusions
Based on the discussion above, we have the following observations and proposals:
Observation 1: There are obvious respective advantages and disadvantages for sweeping mode (option 1) and trigger mode (option 2).
Observation2: Sweeping mode (option 1) is more suitable when the paging is not followed by a random access procedure, e.g. when the paging message is SI update. Trigger mode (option 2) is more suitable when the paging is followed by a random access procedure.
Observation3: Trigger mode (option 2) may be better to reuse at least part of PRACH process, especially for MSG.1.
Proposal 1: The paging group indicator is transmitted in a separate paging group indicator DCI, separate from the paging scheduling DCI when trigger mode (option 2) is used.
Proposal 2: Paging group indicator should be always explicitly presented when power saving mode (option 3) is used.
Proposal 3: NR should support simultaneously sweeping mode (option 1) and trigger mode (option 2) due to different use cases. This means option 4 should be supported.
Proposal 4: NR should support modified option 4 if power saving requirement is strong, otherwise, NR should support the current option 4.
Proposal 5: UEs under the same PO should be divided into different paging groups based on a part of the UE id, e.g. the middle several significant bits of the UE id.
Proposal 6: In Rel15, branch 1 should be served as the baseline procedure for trigger mode (option 2).
Proposal 7:FDM manner should be used between at least paging scheduling DCI and SS block as long as there is no latency requirement for UE to acquire paging if the combined bandwidth for SS block and paging exceeds the UE capability.
Proposal 8: QCL relationship between SS block and paging signal should be predefined and association can use the same mechanism for RMSI CORESET and RMSI timing configuration.
Proposal 9: NR should support non-slot based PDCCH for paging delivery.
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