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1 Introduction
In RAN1 #90 meeting, the following agreements were achieved for NR paging design:

Agreements:
· 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
In this contribution, we discuss some issues and propose some design principles in NR paging design. This is a re-submission of R1-1713833.
2 Discussion
In LTE, a paging cycle (DRX cycle) is defined to allow a UE in RRC_IDLE to sleep most of the time and only wake up at predefined time intervals to monitor the L1/L2 control signaling. The paging cycle for a UE can range from once per 256 up to once per 32 radio frames. The UE listens for paging at a specific subframe (paging occasion) in a specific frame (paging frame) in a paging cycle, which is determined by an equation taking as input the UE_ID and paging cycle. The UE_ID is defined with IMSI. Since different UEs have different IMSI, they will compute different paging instances. From a network perspective, paging may be transmitted more often than once per 32 frames. In LTE, with the most aggressive network configuration, the number of UEs that can be paged per second is up to 6400, e.g., the paging cycle is 32 frames, 32 PFs per paging cycle, and 4 POs per PF, up to 16 UEs can be paged within the same message in a PO.
NR strives to support both below 6GHz and above 6GHz. For below 6GHz, both single beam operation and multi-beam operation could be used for paging procedure. If a single beam is used for paging, the same paging mechanism and even parameter configurations as in LTE could be used in NR, and the paging overhead does not change much. Of course, multiple narrow beams can also be used to improve the paging coverage in NR. Normally for below 6GHz, the full digital RF architecture could be used, which means that the base station does not have to sweep different beams in time domain to page a UE, and it can transmit multiple beamformed PDCCH/PDSCH for paging to a UE simutanously. So in this case, the same paging mechanism and even parameter configurations as in LTE could also be used in NR, the only difference is that base station needs to transmit multiple beams in each PO to cover the whole cell area. If N beams are used for paging in NR, the overhead in frequency domain is roughly N times that of LTE as the price of increasing coverage, and the related frequency domain resource allocation signalling needs to be designed.
For above 6GHz, hybrid digital and analog RF architecture is more likely to be adopted and multi-beam operation is adopted. In this case, the overhead in time domain is roughly N times that of LTE as the price of increasing coverage. Because N could be high in above 6 GHz, to solve the time domain overhead, the following two solutions are identified:

· Solution 1: More UEs  (more than 16) could be considered to be paged within the same message compared with LTE. For example, UE_ID is IMSI mod 1024 in LTE. Other values could be considered or configured, e.g., 256, in NR for above 6GHz, so that more UEs could be paged in one PO. 

· Solution 2: Mini-slot based instead of slot based PDCCH and PDSCH for paging could be used. Base station could page a UE with a specific beam in each mini-slot, and UE needs to monitor the L1/L2 control signalling in multiple mini-slots. The definition of PO also needs to be extended to include multiple mini-slots. 

Moreover, for analog beams, the gNB cannot flexibly schedule data when it is sweeping paging beams. For multiple panel gNB, this may not be a big issue, because gNB may use one dedicated panel to sweep paging beams, and use other panel for data transmission. But for single panel gNB, further discussion is necessary on how to transmit data when the gNB sweep beams for common control channels.
3 Conclusion
In this contribution, we discuss some issues and propose some design principles in NR paging design. It is observed that for N beams paging, the overhead will be N times in frequency domain for sub 6GHz system, and N times in time domain for above 6 GHz system. Becsause N is high in above 6 GHz, some solution for solve overhead is identified, such as mini-slot or more concentrated POs. It is further proposed, for single panel mmW system, the time domain overhead issue should be further studied, as the data cannot be flexibly scheduled (FDMed with paging) in paging occasion due to analog beam constraints.  
