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Introduction
RAN1#88 and RAN1#88bis made the following agreements on paging [1]:
Agreements:
· 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

In [2] we discussed aspects of NR paging design and in this contribution we discuss further details related to paging in NR.
[bookmark: _Ref481532168]Discussion
Self-contained paging
In LTE, paging is delivered like any downlink data using the PDCCH and the PDSCH. The paging message, transmitted on the PDSCH, is allocated transmission resources by a scheduling assignment on the PDCCH addressed to the P-RNTI (which is shared by all UEs). The delivery channel is cell-specific, since both the reference signals (CRS) and the scrambling are derived from the PCI. 
The same principle, i.e. delivering paging on a physical channel where the information needed to demodulate the physical channel can be derived from the camping cell PCI should be supported in NR, too.
Since paging is typically performed over larger areas, single-frequency network (SFN) transmission involving multiple cells or multiple transmission points serving the same cell is possible, with the benefit of improving the link budget. Hence, NR paging should support SFN transmission and allow a common configuration for the TRPs that transmit paging by the gNB. This is in addition to the search space configuration that has already been agreed in RAN1#88bis.
[bookmark: _Toc477431915][bookmark: _Toc477432301][bookmark: _Toc477432535][bookmark: _Toc477434828][bookmark: _Toc478047674][bookmark: _Toc481532319][bookmark: _Toc485287955][bookmark: _Toc485401232][bookmark: _Toc477431916][bookmark: _Toc477432302][bookmark: _Toc477431917][bookmark: _Toc477432303]NR paging should support two options for configuration of the information needed in order for the UE to demodulate the paging channel, like DMRS and its scrambling phase: (1) based on camping cell PCI or (2) configurable by the gNB in order to support SFN transmission.  
For demodulation, dedicated DMRS for paging will be included in the paging transmission using NR-PDCCH/PDSCH. However, re-synch after longer DRX periods requires additional coarse T/F synchronization support. The default assumption is that the sync will be provided by NR-SS. However, e.g. in deployments where NR-SS is distributed using SFN transmission and paging is transmitted from a single node, the T/F reference obtained from SS may degrade performance, e.g. due to the fact that the delay spread of the SFN channel may use up substantial parts of the CP region. Additionally, the NW may prefer to spread paging transmissions evenly over time, which, however, would lead to long wake time for the UE seeking for the paging message after detecting the SS. 
In NR, there are deployment scenarios with possible large timing offsets between received SS block and NR-PDCCH, where the synchronization signal in SSB may not be sufficient for receiving paging. In case of SFN transmission of SSB, and depending on the instantaneous fading realization, a large timing mismatch for paging reception may occur. Additionally, the Doppler difference with respect to the paging-transmitting TRP and the dominant TRP in the SFN profile may exceed a critical fraction of the SCS and also degrade NR-PDCCH reception. These effects are discussed in more detail in [4] where we show that an example T offset of up to 18 us compared to the tolerable 3.9 us, and a 1.2 kHz F-offset compared to the tolerable 0.75 kHz is created in the given examples. With such timing and frequency offsets, the NR-PDCCH detection performance will deteriorate. A silent node deployment scenario may cause timing errors up to 6.6 us to the closest pico node in an example deployment, also significantly degrading NR-PDCCH reception. 
[bookmark: _Toc485122758][bookmark: _Toc485148414][bookmark: _Toc485287952]In some deployments, NR-PDCCH carrying paging indication may not be reliably received using SSB as the sync source.
To support efficient and well-performing operation in such deployments, the paging NR-PDCCH/PDSCH transmission could be preceded by an additional, dynamically configurable (e.g. NR-PSS-like) synch signal. Such paging channel design may be said to be self-contained, i.e. the paging occasion provides all the signals needed for message reception and demodulation. Similar problems can arise also in RAR and additional system information (RMSI) distribution. Instead of individually addressing all scenarios where sync for NR-PDCCH reception is insufficient, the additional flexibly configurable sync signal could assist in multiple use cases [5]. Such a signal can be transmitted in close vicinity to NR-PDCCH when required by the deployment or a specific configuration. In [5], we further discuss using a signal similar to NR-PSS for such flexible sync provision.
[bookmark: _Toc477431918][bookmark: _Toc477432304][bookmark: _Toc477432536][bookmark: _Toc477434829][bookmark: _Toc478047675][bookmark: _Toc481532320][bookmark: _Toc485287956][bookmark: _Toc485401233]RAN1 should study flexibly configurable (non-SSB) sync signal provision to support receiver procedures in a wide range of deployments to support paging and other procedures.
Relationship of SSB to paging and beam sweeping support
The timing relation of paging transmission wrt. the preceding SSB should be flexible. In order to maintain scheduling freedom for gNBs, it should be possible to configure paging with timing arbitrary offset to the SSB that the UE is configured with or can derive based on known SSB and paging DRX periods and relative phases. The offsets can also vary due to paging period not being an integer multiple of the SSB period, but the UE can derive the current offset using to long-term frame and DRX period counters. Such flexible arrangement should of course include the possibility to configure them with period that are integer multiples of each other, and nearby in time in order to minimize the awake time for low-energy UEs with long DRX cycles. 
[bookmark: _Toc481532321][bookmark: _Toc485287957][bookmark: _Toc485401234]Timing offset between SSB reception and paging reception for a UE should be configurable by the NW and range from zero to multiple subframes, and the paging period need not be an integer multiple of the SSB period.
In low frequency bands, omnidirectional or wide-beam transmission will typically be used for paging delivery. 
In higher frequencies, sweeping of narrow beams may be used for paging, exactly as for SSB. In that case, the paging sweep may be aligned with the SSB sweep. Frequency-multiplexing paging in the same OFDM symbols as SSB is an efficient solution in terms of sweep duration. However, it comes with the disadvantage that a minimum BW UE could not perform simultaneous SSB and paging reception (assuming minimum BW for a UE is the same as the SSB BW). In this case, adjacent (or nearby) location of SSB and paging in time would be the preferred choice. NR should thus support adjacent and non-adjacent, and T- and F-multiplexed SSB/paging. This can be supported if NR allows the UE to be configured by the gNB with the paging resources. This is depicted in Figure 1.
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Figure 1: SSB and paging transmission in adjacently in frequency and time.

[bookmark: _Toc477432286][bookmark: _Toc477432539][bookmark: _Toc477434830][bookmark: _Toc478047676][bookmark: _Toc481532322][bookmark: _Toc485287958][bookmark: _Toc485401235]In beam sweeping scenarios, it should be possible to configure whether SSB and paging and are adjacent in time or in frequency.
Beam sweeping approaches for paging delivery has, however, the disadvantage of large overhead, especially if many UEs need to be paged. Furthermore, the UE may need increased active/wake time to monitor the paging channel since the UE – if moving – does not know which beam(s) in the sweep it can receive after waking up from DRX. Hence, use of omnidirectional or wide beam transmission with repetition to allow accumulation of multiple receptions for UEs at the cell edge should also be supported. The number of repetitions needed to provide coverage at the cell edge depend on the deployment density and the applied modulation and coding. Since paging is typically performed over larger areas, single frequency network (SFN) transmission involving multiple cells or multiple transmission points serving the same cell is possible. The SFN mechanism improves the link budget further and should, as mentioned above, also be supported by NR.
[bookmark: _Toc477431919][bookmark: _Toc477432305][bookmark: _Toc470174584][bookmark: _Toc470174680][bookmark: _Toc470941439][bookmark: _Toc470941820][bookmark: _Toc471404974][bookmark: _Toc471473153][bookmark: _Toc471514690][bookmark: _Toc477432537][bookmark: _Toc477434831][bookmark: _Toc478047677][bookmark: _Toc481532323][bookmark: _Toc485287959][bookmark: _Toc485401236]NR should support at least three different delivery mechanisms for paging: (1) omnidirectional or wide beam (e.g. sector) transmission, (2) sweeping of narrow beams, and (3) SFN transmission involving multiple cells or multiple TRPs serving the same cell.
Quasi-colocation of paging signals with SS blocks
Above, we have motivated the need to support both PCI-based and gNB-configured (non-PCI-based) paging channels for efficient operation in different deployments. When PDCCH/PDSCH is used for paging in the gNB-configured mode, the UE clearly should not assume that the SS Block provides any channel information that can be utilized for UE RX-beamforming during paging reception. 
For the PCI-based paging channel, quasi-colocation assumptions (QCL) may in some deployments aid the UE to receive paging signals using channel characterization obtained from reception of the SSB. For example, the UE RX may need to be turned on for a shorter time if it can determine the relevant paging beam from the SSB beam. However, whether paging actually is QCL with SS Block transmission depends on the given network deployment. For example, the SS Block could be transmitted using multiple beams (e.g. to support PRACH processing) while the paging message is sent via a wide PCI-based beam. Therefore, the QCL information should be explicitly signalled to the UE. 
[bookmark: _Toc478047678][bookmark: _Toc481532324][bookmark: _Toc485287960][bookmark: _Toc485401237]UE configuration for paging in the PCI-based paging mode should specify whether paging signals are QCL with SSB transmission.
Group paging
It has been presented that using long UE IDs when paging large numbers of UEs per second and using large beam sweep sets, the required paging load becomes prohibitive and can in some network configurations exceed the total network capacity. In these situations, a group paging approach may be used where multiple (e.g. on the order of 10) UEs in the area are assigned a common group ID. The paging procedure consists of first paging the group, then registering the directions of the replying UEs, and paging with full UEs in the registered directions only. [3] Alternatively, the [4] response procedure may be made lighter by using special paging response PRACH sequences and using the RAR immediately for indicating the paged UE ID.
The approach is useful for reducing the initial paging load, but it will also increase UL response signalling as many more UEs are prompted to access the system, as well as the energy consumption of these UEs. The group paging setting should therefore be configurable, to be “off” by default (i.e. conventional paging is used) but turned “on” in some deployments where the conventional paging is problematic, e.g. mmW deployments with large beam sweep sets. 
[bookmark: _Toc481532325][bookmark: _Toc485287961][bookmark: _Toc485401238]Group paging should be off by default but can be configured in deployments and scenarios where conventional paging load is excessive. 

Conclusion
In section 2, we made the following observations:
Observation 1	In some deployments, NR-PDCCH carrying paging indication may not be reliably received using SSB as the sync source.
Based on the discussion in section 2, we propose the following:
Proposal 1	NR paging should support two options for configuration of the information needed in order for the UE to demodulate the paging channel, like DMRS and its scrambling phase: (1) based on camping cell PCI or (2) configurable by the gNB in order to support SFN transmission.
Proposal 2	RAN1 should study flexibly configurable (non-SSB) sync signal provision to support receiver procedures in a wide range of deployments to support paging and other procedures.
Proposal 3	Timing offset between SSB reception and paging reception for a UE should be configurable by the NW and range from zero to multiple subframes, and the paging period need not be an integer multiple of the SSB period.
Proposal 4	In beam sweeping scenarios, it should be possible to configure whether SSB and paging and are adjacent in time or in frequency.
Proposal 5	NR should support at least three different delivery mechanisms for paging: (1) omnidirectional or wide beam (e.g. sector) transmission, (2) sweeping of narrow beams, and (3) SFN transmission involving multiple cells or multiple TRPs serving the same cell.
Proposal 6	UE configuration for paging in the PCI-based paging mode should specify whether paging signals are QCL with SSB transmission.
Proposal 7	Group paging should be off by default but can be configured in deployments and scenarios where conventional paging load is excessive.
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