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1 Introduction
In the last NR Adhoc meeting hold in Japan, the following agreements were achieved for NR paging design [1]:

Agreements:
· 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. LS to be drafted in R1-1716912, which is agreed in R1-1716918
In this contribution, we discuss some issues and propose some design principles in NR paging design. This is a re-submission of R1-1716045.
2 Discussion
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 considering that full digital RF architecture is usually used. 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. If multi-beam operation is used to improve the paging coverage in NR, the beam sweeping can be carried out in  time domain and/or frequency domain. In this case, the paging overhead is roughly N times that of single beam operation if N-beam sweeping is used for paging. Additionally, UE’s wake up time may be longer than that of single beam based paging operation depending on how many beams sweep in time domain, which may increase UE’s power consumption. However, beam sweeping based paging operation in below 6GHz does not limit the scheduling flexibility of NR-PDSCH due to full digital RF architecture.
For above 6GHz, hybrid digital and analog RF architecture is more likely to be adopted and beam sweeping based paging operation needs to be carried out in time domain. Since the beam number may be very large in above 6GHz, this will not only greatly increase the overhead but also greatly limit the scheduling flexibility of NR-PDSCH. 
In order to reduce the overhead and the limitation, a trigger mode paging were proposed in the previous meetings, e.g., option 2 and option 3 in the above agreement. In option 2, a paging group indication is used to trigger a group of UEs to report their best DL Tx beams to gNB so that gNB can know which beam(s) need to be used for paging DCI and paging message. In this option, paging group indication transmission needs beam sweeping while paging DCI and paging message are transmitted according to UE’s beam reporting. In option-3, both paging group indication and paging DCI need beam sweeping, while paging message are transmitted according to UE’s beam reporting. Compared with Option 2, Option 3 has higher paging DCI overhead due to sweeping transmission, so Option 2 is slightly preferred. In option 1, there is no paging group indication and both paging DCI and paging message need beam sweeping, which means option 1’s paging overhead may be lager than Option 2. However, Option 2 need uplink resources to report best DL Tx beams, e.g., using RACH resources, which will increase UL random access load. So Option 2 can only be used in some cases, e.g., when UL random access load is low. Based on the above analyses, both Option 1 and Option 2 are needed, so Option 4 is slightly preferred.
Proposal 1: Option 4 is slightly preferred to use paging DCI to indicate use of Option 1 or 2.
Additionally, the following two solutions can also be considered to reduce the beam sweeping based paging overhead :

· 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 multiple panel gNB, NR-PDSCH scheduling flexibility limitation 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, this limitation should be carefully resolved.

3 Conclusion
In this contribution, we discuss some issues and propose some design principles in NR paging design.The following is proposed:

Proposal 1: Option 4 is slightly preferred to use paging DCI to indicate use of Option 1 or 2.

In addition, some solutions to reduce the beam sweeping based paging overhead is identified, such as mini-slot or more concentrated POs.  
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