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1	Introduction
In RAN1#91, the following agreements and conclusion were made pertaining to paging channel design [1]:
	Agreements:
· [OSI related part omitted]
· For paging,
· The following parameters for paging are explicitly signaled in the corresponding OSI/RMSI.
· It is up to RAN2 where the paging configuration is provided
· Paging occasion configuration, e.g., time offset, duration, periodicity
· [It is up to RAN2 how to configure the paging occasion.]
· PDCCH configuration which gives search space configuration including monitoring occasions within the paging occasion.
· For paging CORESET configuration, reuse the same configuration for RMSI CORESET as indicated in PBCH.
Agreements:
· UE may assume QCL between SS Blocks, Paging DCIs and Paging Messages.
· UE is not required to soft combine multiple Paging DCIs within one PO.
Agreements:
· NR supports sending of short paging messages e.g. systemInfoModification, cmas-Indication, and etws-Indication if supported in NR, in the Paging DCI.
Conclusion:
· No additional paging mechanism is supported in Rel-15




In this contribution we discuss the open issue related to determination of the paging monitoring occasions and the bandwidth of paging delivery in NR. This is an update to contribution R1-1802894.
2	On search space definition for paging
Since RAN1#91 agreement there has not been further discussion on the paging search space definition in RAN1. The expectation of RAN1 has been that RAN2 will in minimum determine the paging frame (PF) and paging occasion (PO) definitions, and then depending on the RAN2 conclusion develop needed functionality to support search space definition inside the PO. Based on our understanding the RAN2 has concluded that on one PO will contain the beam sweep (if needed) as stated in 38.304 [3] : “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.”. Hence it would appear that RAN1 would need to determine the monitoring pattern for the paging occasions. 
Considerations on the UE monitoring occasions
So far RAN1 has determined search space definition/monitoring occasions for RMSI, and also determined the RACH occasions in 38.213. RAN1 has also agreed that UE may assume that the paging DCI and message (i.e. PDCCH and PDSCH) will be QCL’ed with the SSB. Hence from UE perspective there would need to be some known mapping from the detected SSB indexes to a certain time window, similar as in RMSI. For RACH also the frequency resource is utilized, i.e. RACH occasions corresponding to one or more SSBs can be determined also in frequency domain. For DL, it has been agreed that paging shares the CORESET configuration (number of CORESET symbols  and number of RBs ) and frequency location with RMSI, i.e. for Type2-PDCCH common search space, the control resource set is same as the control resource set for Type0-PDCCH common search space. Thus, while it would have been in principle possible to redefine the BWP for PDSCH for each SSB index or UE ID space, it would not be possible to separate the CORESET configurations correspondingly based on current agreements.
Observation: Based on existing agreements it would not seem possible to frequency multiplex paging occasions in frequency domain. 
Currently based on the RAN2 approach, it would appear that UE would be in minimum aware of the time locations of the PO. I.e. based on the UE ID, UE would be aware of which PO to monitor. As noted above it would appear that the PO would cover and last the whole duration of the beam sweep. Simplest approach would be that, similarly to LTE, UE would monitor for the paging DCI over the whole PO, equipped only with the QCL agreement made earlier. I.e. RAN1 would define the monitoring time window to correspond to full beam sweep, and when exactly to schedule paging message that is QCL’ed with certain particular SSB index, would be fully under network control. This could result prolonged activity time for IDLE mode UEs and have negative impact to the stand-by times, and hence it would seem preferable to use similar approach as adopted for RMSI, where UE has to monitor only for limited number of slots for the Type0-DPCCH.
Observation: It would seem preferable to limit paging monitoring time (per SSB) for IDLE mode UEs
Hence, it could be considered, to adopt different patterns and monitoring occasions for different frequency ranges like done for RMSI. For paging it could be considered to limit the monitoring window to one slot for FR1 to limit the power consumption, while for FR2, to give some scheduling flexibility, longer monitoring occasion could be considered e.g. 2 slots. Other approach could be to account the used sub-carrier spacing and ensure that the total monitoring time would not exceed 1ms, similar as in LTE. This would correspond {1,2,4,8} slot monitoring window durations for {15, 30,60,120}kHz sub-carrier spacing, correspondingly. 
Proposal: Restrict the required monitoring time corresponding to one SSB in one paging sweep to 1ms.
Prior determining the detailed search space definitions, it would need to be discussed and agreed how, for TDD, the UL/DL slot pattern is accounted. Via SIB1 UE is configured with the common slot pattern (D/X/U), symbol partition inside bi-directional (flexible, X) slots, as well with the RACH occasions. For RACH it has been agreed that, both full uplink slots and flexible slots can be used for RACH transmission based on the PRACH configuration index. In order not to restrict the slot configuration, it would also be preferable to allow the paging occasions to use the bi-directional slots and flexible symbols in bi-directional slots. This would help to restrict the monitoring time corresponding to one SSB, while allowing freedom in determining the UL/DL slot pattern.
Proposal: Allow use of flexible slots and flexible symbols to be used for paging

One key difference to RMSI scheduling would be the selection of slots on which the paging can be scheduled. The current Type0-DPCCH monitoring occasions, define also the slots (in relation to the start of selected SFN) in a fixed manner. For UL/DL slot pattern configuration, system needs to account the SSB transmission pattern, SIB1 scheduling and RACH occasions, which set rather fixed limits for slot pattern selection. Therefore, it would be preferable to avoid need to introduce additional restrictions for slot pattern due to paging scheduling. Also having options to determine the PF and PO start occasions without strong restrictions. Thus, it should be able to determine the used slots for paging based on the availability (determined by the slot pattern and PO relation, accounting also RACH occasions), instead of mapping paging in fixed manner to each PO. So, once UE has determined it’s PO location (based on UE-ID), the valid paging slots (where search spaces would be located) would be identified accounting the UL/DL slot pattern. 
Hence, in similar train of thought as discussed for OSI [6], all slots within PO would not necessarily be valid slots for paging delivery, but would need to account availability based on e.g. UL/DL configuration, so that only DL and flexible slots could be used. Once the valid slots in PO are determined, then slots where SS for a given SSB index is located, could be simply determined in logical (consecutive) order of valid slots (instead of all slots) from the start of the PO.  
Proposal: Valid paging slots in PO should not be fixed based on predefined pattern, but be selected in PO (based on the UL/DL slot pattern, and to avoid overlap with RACH occasions and SSBs).

Approaches for search space definition:
For RMSI, the starting symbol of the search space, depends on the SSB index. Depending on the configuration and pattern, there can be up to 6 search space locations in slot. While in principle similar approach could be considered for paging search space definition, the search space pattern defined for RMSI multiplexing pattern 2 and 3 might not be desirable from data scheduling perspective. Firstly, if RMSI needs to be sent it multiple times in TTI to enable combining to meet coverage target, it would not be possible to multiplex paging with SSBs. Using pattern 3 for example, would imply that paging would need to be always scheduled middle of slot which might make multiplexing with data more difficult. Furthermore, pattern 2 would require to use slots where DL can be send at the end of the slot (for {240,120}kHz case). Also, while period of RMSI could be more frequent, depending on the expected paging load for large tracking areas, network may need to split UEs to several POs (based on UE ID), resulting need to repeat the sweep multiple times in each DRX cycle. This could then set further restrictions to the UL/DL slot pattern. Therefore, it would be preferable to enable delivering the paging in compliant manner with data scheduling. Thus, using similar search space pattern locations as for RMSI multiplexing pattern 1 would be preferred.
Observation: It would be preferable to enable paging scheduling to be compliant with data delivery/scheduling avoiding scheduling and UL/DL slot pattern restrictions.
As discussed in [4], this could be achieved in principle by two ways, either spreading the search space locations over the slot duration, or assigning them to the start of the slot. Both approaches are supported for RMSI pattern 1, as illustrated in Figure 1 below.
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[bookmark: _Ref494367451]Figure 1. PDCCH sweep in a slot for non-slot based paging scheduling, with 2 monitoring occasion candidates per slot
Hence, like discussed in [6], using the Type0-DPCCH monitoring pattern as defined for RMSI multiplexing pattern 2 and 3, would not seem preferable. As noted in [6], as for RMSI multiplexing pattern 2 and 3, only one search space configuration is supported for Type0-DPCCH, i.e. in Table 13-13 and Table 13-14 in Section 13 of 38.213 only one entry is used and the rest are reserved, it would be possible to reuse the 4 LSBs of pdcch-ConfigSIB1. Thus, as today, only single search PDCCH monitoring configuration is supported for Type0-DPDCCH, and this would be used regardless of value indicated in the 4 LSBs of pdcch-ConfigSIB1. Therefore, for RMSI multiplexing pattern 2 and 3, the 4 LSBs of pdcch-ConfigSIB1 could be basically reused for Type2-DPCCH (and Type0A-DPCCH) monitoring occasion definition for RMSI pattern 2 and pattern 3. For RMSI pattern 1 it would not be possible to re-use the bits for Type2-DPCCH (and Type0A-DPCCH) monitoring pattern independently of Type0-DPCCH monitoring pattern configuration, as most of the entries in Table 13-11 and Table 13-12 are used. However, as noted above, RSMI multiplexing pattern 1 could be seen as reasonable from data multiplexing perspective, thus it could be re-used. Basically, the determination of SS inside slot for Type2-DPCCH, could follow similar principles as defined for RMSI multiplexing pattern 1 for all RMSI patterns.  
Proposal: Starting symbol(s) of PDCCH monitoring occasion(s) in slots within a SI window are defined so that they offer good compatibility with data scheduling (follow principles of multiplex pattern 1).

[bookmark: _Hlk513820844]3	Extension of Initial active DL BWP
[bookmark: _Hlk513820865]The issue of changing the initial active DL BWP for RMSI multiplexing pattern 2 and 3 has been discussed in past meetings. We present the main part of the discussion related to initial active DL BWP extension in [7], including a text proposal to implement the change. Here just a brief summary is given and reader is invited to refer to companion contribution in [7].
The main merits identified for extending the initial active BWP that have been raised in the past meetings was to enable the utilization of full available bandwidth. This could be used limit the time required for beam sweep by enabling shorter PDSCH allocations via larger number of available RBs in frequency domain. This was not seen to complicate UE design/behaviour, as it could be typically expected that the UE keeps RX open over the combined bandwidth in order to detect SS/PBCH block for time and frequency synchronization tracking together with RMSI reception. Extending the initial active BWP could also be beneficial for mobility and RLM operation, by ensuring that SSB is always inside the active BWP from the beginning of the access procedure.
Proposal: Extend the initial active DL BWP to cover both PBCH defined CORESET and SSB for RMSI multiplexing pattern 2 and 3.

4	Conclusions 
In this contribution, we discussed about remaining open issues for paging and made following observations and proposals for determination of monitoring occasions:
Observation: Based on existing agreements it would not seem possible to frequency multiplex paging occasions in frequency domain. 
Observation: It would seem preferable to limit paging monitoring time (per SSB) for IDLE mode UEs
Proposal: Restrict the required monitoring time corresponding to one SSB in one paging sweep to 1ms.
Proposal: Allow use of flexible slots and flexible symbols to be used for paging
Proposal: Valid paging slots in PO should not be fixed based on predefined pattern, but be selected in PO (based on the UL/DL slot pattern, and to avoid overlap with RACH occasions and SSBs).
For the paging search space definition we observe and propose as follows:- 
Observation: It would be preferable to enable paging scheduling to be compliant with data delivery/scheduling avoiding scheduling and UL/DL slot pattern restrictions.
Proposal: Starting symbol(s) of PDCCH monitoring occasion(s) in slots within a SI window are defined so that they offer good compatibility with data scheduling (follow principles of multiplex pattern 1).
Furthermore, in Section 3, we make a proposal to extend the initial active DL BWP for RMSI multiplexing patter 2 and 3:-
Proposal: Extend the initial active DL BWP to cover both PBCH defined CORESET and SSB for RMSI multiplexing pattern 2 and 3.
For further details of the BWP extension proposal we invite the reader to refer to company contribution in [7].
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