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1. Introduction
In this contribution, we discuss design guidelines for paging, with emphases on paging multiplexing with existing broadcast signals in multi-beam operation scenarios and configuration of paging occasions.

2. Discussion
In LTE, Paging Frame (PF) and Paging Occasion (PO) are determined by following formulae using the DRX parameters provided in System Information. 
PF is given by following equation: 
· SFN mod T= (T div N)*(UE_ID mod N) 
· Index i_s pointing to PO from subframe pattern defined in 7.2 will be derived from following calculation: 
· i_s = floor(UE_ID/N) mod Ns 

System Information DRX parameters stored in the UE shall be updated locally in the UE whenever the DRX parameter values are changed in SI. If the UE has no IMSI, for instance when making an emergency call without USIM, the UE shall use as default identity UE_ID = 0 in the PF, and i_s formulas above. 

The following Parameters are used for the calculation of the PF, and i_s: 
· T: DRX cycle of the UE
· nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, and T/256 
· N: min(T,nB) 
· Ns: max(1,nB/T) 
· Nn : number of paging narrowbands provided in system information 
· UE_ID: IMSI mod 1024, if P-RNTI is monitored on PDCCH. 

NR should support similar paging functionality as LTE, as the paging requirements for NR should be similar. However, in multi-beam operation scenarios of NR, the paging message would need to be transmitted multiple times for a UE using different Tx beams (i.e. using beam sweeping operation). This is because the gNB would not know where the UE is exactly within the network and furthermore would not be aware the best Tx beams for the UE. Furthermore, it would be beneficial to have the possibility of transmitting the paging message during SS block transmissions, as SS block transmission would need to be beam swept in the same manner as paging messages. This would save considerable overhead as some gNBs with single antenna array panel may only transmit signals to one particular beam at a given instant. 
We can apply similar concept to paging, where paging burst set is applied to the reception of paging. The NR-PDCCH and NR-PDSCH is used to transmit scheduling information for paging and paging message, respectively. Figure 1 shows an example of paging transmissions in time domain. 



[bookmark: _Ref485390556]Figure 1. An example of paging transmission with paging burst set
In multi-beam operations, each paging within a paging burst set is transmitted using a different set of DL Tx beam. Like SS burst set, here we assume time on actual transmitted paging and paging burst set periodicity are configured via system information. With the structure of paging transmission, we observe that paging DRX cycle is equivalent to an integer M times of paging burst set periodicity and paging occasion is made up the selected paging burst set and time on actual transmitted paging within the paging burst set. 
Within SFN duration, paging burst sets are indexed in the order. UE ID can be used to distribute idle UEs into different paging occasions within a paging DRX cycle. In the case, the UE selects a paging burst set with the index to meet (UE id mod M) = 0. In multi-beam operation, further idle UEs’ distribution within the selected paging burst set does not sound making sense. The UE need to monitor all time on actual transmitted paging until the successful reception of paging. Once received, the UE can sleep during the remaining time. As a further enhancement, we can consider paging combining cross different time within the selected paging burst set. In omni-beam operation, further idle UEs’ distribution within the selected paging burst set is desirable if time on actual transmitted paging within a paging burst set is configured with multiple times.
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Furthermore, if the Paging opportunities are spread across all radio frames, the gNB may need to transmit multiple paging using different beams in every radio frame. An example of this is shown in Figure 2. As mentioned, for some gNBs, which only have a single antenna array panel, simultaneous multi-beam transmission would not be possible. Therefore, any unicast transmission for other UEs need to be stopped during paging message transmission. It is highly beneficial for some gNB to able to consolidate signals/channels that require beam sweep operation in the same slot and be able to frequency multiplex these signals. An example of consolidating Paging frames for different UEs into the same time duration in shown in Figure 3.
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[bookmark: _Ref485391007]Figure 3. Consolidation of Paging Frames of UEs into time periods SS blocks are transmitted.
From that aspect, the Paging Frame should be allowed to be aligned with radio frame that network performs Tx beam sweep. This is to minimize efficiency loss from tx beam sweep. During Tx beam sweep duration, other unicast data will be difficult to be scheduled. Therefore, we propose that network should have the ability to configure a subset of radio frames for potential paging frames. An example of subset of radio frames for potential paging frames is shown in Figure 4. Radio frames that determined as potential paging frames are never used for paging transmission for any UE.
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[bookmark: _Ref485400918]Figure 4. An illustrative example of potential paging frame configurations by the network

	The following are proposal based on discussion above.
Proposal 1:
· Paging DRX cycle is equivalent to M times of paging burst set periodicity. 
· The network can configure a subset of radio frames as potential paging frames. All UEs monitor paging messages from a subset of the potential paging frames.
· Paging occasion may be defined by a paging burst set and composed of multiple paging transmissions.

3. Conclusions
In this contribution, we discussed the methods on delivering the remaining minimum system information. Our proposals are summarized as below:
Proposal 1:
· Paging DRX cycle is equivalent to M times of paging burst set periodicity. 
· The network can configure a subset of radio frames as potential paging frames. All UEs monitor paging messages from a subset of the potential paging frames.
· Paging occasion may be defined by a paging burst set and composed of multiple paging transmissions.
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