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1. Introduction
At RAN1#87 meeting, the following agreements on paging were achieved [1]. In this contribution, the design considerations of NR paging channel are discussed.
	Agreements:
· For paging in multi-beam operation, support beam sweeping for paging, and study the following methods:

· Alt-1: Multiplexing paging with SS blocks

· FFS: Details of paging 

· Alt-2: Adding another round of beam sweeping for paging 

· Note: Another round of beam sweeping is different from the beam sweeping of SS burst set 
· Other alternatives are not precluded

· Companies report their assumption for paging


2. Paging Transmission in NR
2.1 Paging Transmission in Single-beam Operation 
At low frequencies, e.g., below-6GHz, it is possible to re-use the paging design in LTE, by single-beam operation. It is noted that a paging message is transmitted in PDSCH, scheduled by PDCCH. An example of LTE paging transmission is shown in Figure 1, where subframe 0 is a paging occasion (PO) subframe. 
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Figure 1
2.2 Paging Transmission in Multi-beam Operation
At higher carrier frequencies, beamforming is essential to compensate for path loss. One transmission beam cannot provide the full cell coverage. Paging needs to be transmitted using the multiple transmit beams, i.e., beam sweeping. The following options can be considered to support beam sweeping for paging transmission.

Option 1: PDCCH/PDSCH beam sweeping for paging transmission
If considering PDCCH/PDSCH based paging transmission, it is straightforward that a paging message can be transmitted by repeating PDCCH/PDSCH multiple times, each with different transmit beam. Assuming that one slot is the basic PO unit to transmit a paging message, a paging message can be transmitted during multiple slots, as shown in Figure 2. 
Depending on the number of antenna panels and supported beams, one or more antenna panels may be dedicated for paging transmissions in a PO slot. Assuming that there is one antenna panel dedicated for paging transmissions in a PO slot, the time to finish one paging transmission with N-beam sweeping is N slots. By increasing the number of antenna panels dedicated for paging transmissions in a PO slot, the time to finish a paging message transmission can be reduced. On the other hand, this also brings more scheduling restriction to other PDCCH/PDSCH transmissions due to the dedicated antenna panels for paging transmission. 
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Figure 2
Option 2: Dedicated channel for paging transmission
Considering the broadcast feature, fine resource granularity for beam sweeping can be used as well for paging transmission, similar as the SS block. For example, symbol level or mini-slot level beam sweeping can be used for paging transmission, as shown in Figure 3. For simplicity it is called as a paging block in this contribution. It is noted that this requires new paging channel design. In addition, the number of paging UEs in a PO unit varies from time to time. The paging design needs consider efficient support of variable payload size.
Similarly, this gives restriction of using other resources in the paging block. It is possible that the SS block and paging block can be multiplexed together. However, this may further depend on the final design of SS block, minimum system BW, and required paging capacity, etc. 
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Figure 3
Observation: There are following observations of the paging design options:
	
	Option 1: PDCCH/PDSCH based
	Option 2: Dedicated paging channel 

	Specification efforts
	· Re-using existing channels
· Common design with single beam operation case
	· New channel design required
· Different design from single beam operation case

	Flexibility of multiplexing with other signals/channels
	· Mandated specific beam(s) for paging 
· Scheduling restriction to other FDMed PDCCH/PDSCH
	· Mandated beam sweeping in the dedicated paging blocks

· Scheduling restriction to other FDMed signals/channels

	Expected duration for one  paging message 
	· Long

· TDD longer than FDD
	· Short

	Flexibility of TX parameters (#RBs, MCS, etc.)
	· Same as PDCCH/PDSCH
	· Limited (may depend on the final design)

	Variable payload size support
	· Same as PDCCH/PDSCH
	· Limited (Need special design to support variable payload size)


It is obvious that there are some tradeoffs between Option 1 and 2. In summary, Option 1 reuses existing channel design and requires less standardization efforts, and the longer paging delay is not critical considering the long DRX cycle. Option 2 requires new channel design and needs to handle several design issues, which requires more standardization efforts. Therefore, Option 1 is preferred and can be considered as the baseline, unless any critical issue is identified.
Proposal 1: Consider PDCCH/PDSCH based beam sweeping as the baseline for paging transmission in multi-beam operation. 
3. Other Design Considerations

Paging Reception in Multi-beam Operation
In order to receive the beamformed paging, UE has to monitor increased number of slots for paging as PO consists of several slots for TX beam sweeping, which leads to increased power consumption. This can be reduced if UE can determine the best DL TX beam using the signals/channels in SS block and then monitor the PO slot corresponding to the best DL TX beam. This approach requires that UE knows the mapping between DL TX beams and PO slots.
In a beamformed system UE may also perform RX beamforming. UE can wake up in advance before the PO slots to monitor the signals/channels in SS block, perform RX beam sweeping and determine the best RX beam. UE then uses this RX beam to receive paging in PO slots. 

Proposal 2: UE does not continuously perform beam tracking for paging reception. Study the following approaches to reduce power consumptions

- TX beam selection for paging reception: UE can determine the best/suitable DL TX beam using the signals/channels in SS block and then monitors the PO slot corresponding to the selected DL TX beam.
- RX beam selection for paging reception: UE wakes up in advance to monitor the signals/channels in SS block, perform RX beam sweeping and determine the best/suitable RX beam. UE then uses the selected RX beam to receive paging in PO slots. 
4. Conclusions
In this contribution, the paging transmission and reception design is discussed considering beamforming aspects. In summary, the proposals are as follows:
Proposal 1: Consider PDCCH/PDSCH based beam sweeping as the baseline for paging transmission in multi-beam operation. 
Proposal 2: UE does not continuously perform beam tracking for paging reception. Study the following approaches to reduce power consumptions

- TX beam selection for paging reception: UE can determine the best/suitable DL TX beam using the signals/channels in SS block and then monitors the PO slot corresponding to the selected DL TX beam.
- RX beam selection for paging reception: UE wakes up in advance to monitor the signals/channels in SS block, perform RX beam sweeping and determine the best/suitable RX beam. UE then uses the selected RX beam to receive paging in PO slots. 
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