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1. Introduction
In this contribution, we discuss paging design considering multi-beam based operation in NR system.

2. Discussion
CORESET configuration for Paging
RAN1 agreed that paging message is scheduled by DCI carried by NR-PDCCH and UE will blindly detect the NR-PDCCH carrying DCI for paging message within pre-configured search space. RAN1 already agreed that the network provides control channel search space for RMSI reception and UE is configured CORESET for RMSI reception. Similarly, control channel search space for paging should also be provided from the network and we prefer common control channel search space is used for RMSI, OSI, paging and etc.
Before directly discussing how to configure CORESET for paging, time and frequency information of CORESET for paging should be dealt with separately, similar to other types of broadcasting system information as discussed in our companion contribution on OSI delivery in [1]. Since the notion of CORESET itself includes time and frequency information, we cannot simply say that CORESET for paging is the same as that for RMSI, which is not really the same in terms of transmission interval/periodicity. In other words, the frequency range of paging transmission is not necessarily different from that of RMSI transmission but the transmission interval of paging and RMSI can be different. In this case, strictly speaking, CORESET for RMSI and paging is different each other, however, considering signaling overhead within PBCH or RMSI, RAN1 should strive for an efficient signaling mechanism for broadcast system information. Each system information type may have its own transmission interval or periods, however, the transmission frequency range/bandwidth for control search space can be the same among the broadcasting system information types. 
Proposal 1: 
· Frequency range for control channel search space for paging DCI is the same as that for RMSI transmission 
· Information on the transmission periodicity/interval (e.g. time information) for paging DCI transmission is indicated in the RMSI

Beam swept paging DCIs transmission
During RAN1 NR#3 meeting [3], RAN1 identified options for paging delivery. For option 1, it is quite similar to paging in LTE system with potential differences due to the note; the paging DCI and the following paging message are consecutive or non-consecutive. If the paging DCI and the following paging message are consecutive (Alt. 1 in the Figure 1), it is the same as paging in LTE system, which is possibly applied for NR system for below 6GHz frequency range. On the other hand, if paging DCI and the following paging message are non-consecutive (Alt. 2 in the Figure 1), we can imagine that paging DCI-only beam sweeping first and the corresponding paging messages are transmitted in later time instances as shown in Figure 1. 
Depending on the fact whether the paging DCI and the paging message are consecutive or not, duration/definition of PO is quite different. If they are consecutive (as in Alt. 1), PO can be defined as relatively longer time duration that paging DCI and paging message can be transmitted. Otherwise they are not consecutive (as in alt. 2), PO can be defined as relatively shorter time duration that only paging DCIs are transmitted. The Alt.2 is beneficial in multiple beam environment in terms of UE battery saving. When a UE is paged, the wake-up time for both alternatives is the same in average sense. However, when a UE is not paged, the UE only need to monitor paging DCI during shorter PO and can go to sleep. 
Observation 1: 
· In case of option 1 for paging delivery, depending on the fact whether the paging DCI and the paging message are consecutive or not, duration/definition of PO is quite different.
Observation 2: 
· Transmitting the paging DCI and the paging message non-consecutively is beneficial in multiple beam environment in terms of UE battery saving. 

Here in the Alt. 2, DCIs transmitted in PO are actually paging DCI that are masked with P-RNTI and potentially have scheduling information of paging message. The paging DCIs carries the time information when the paging messages are transmitted, for example in terms of offset from PO and/or transmission window. In this scheme, beam sweeping pattern for paging DCIs is the same as that for paging messages, of course, the beam sweeping pattern for paging DCI is the same as that of SS blocks, which can be elaborated with QCLed conditions between beams for paging DCI and SS blocks, and paging DCIs and paging messages. If the paging DCI does not have exact resource allocation information for paging messages, there can be additional DCIs to carry resource allocation for paging messages, where the additional DCI is masked with the same P-RNTI as used for the paging DCI in PO. 
Proposal 2: 
· For paging delivery, adopt the mechanism that the paging DCI and the corresponding paging message are non-consecutively transmitted.
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Figure 1. Options 1 - paging DCI and paging message transmission

In NR system for above 6 GHz frequency range, multiple paging messages and the corresponding DCIs (e.g., P-RNTI in LTE) are needed to be transmitted for each beam direction from a network perspective. Maximally 64 SS/PBCH blocks are to be transmitted with beam sweeping manner with 120kHz SCS. 
In this case, 32 slots of time resources (e.g. 4ms, 2 SS/PBCH blocks per slot and hence 32 slots are needed) are used to transmit SS/PBCH blocks, 64 slots (e.g. 8ms) are need for RMSI transmission assuming 1 slot based RMSI scheduling, and 64 slots (e.g. 8ms) are used for paging assuming 1 slot based paging message scheduling resulting in 20ms is required for broadcasting system information beam sweeping. With the 1-slot based RMSI and paging transmission, there can be no RACH resources within 20ms. 



Figure 2. Illustration of broadcast system information delivery (120 kHz SCS, 64 SS/PBCH blocks)

RAN1 agreed to apply non-slot based RMSI transmission, such as 7 symbols, 4symbols and 2 symbols. Table 1 shows the DL beam sweeping resources for broadcast system information, e.g. RMSI, paging and OSI assuming paging and OSI can be delivered non-slot based transmission. Within the 20ms time duration, at least 7.42 ms of time should be allocated for broadcast system information, which is not that small and note that RACH resource allocation within the duration in Table 1 is not considered. 
Observation 3: 
· Considerable amount of DL resources for beam swept broadcast system information transmission are required.


Table 1. Required DL resources for broadcast system information beam sweeping
(120 kHz SCS, 64 SS/PBCH blocks)
	SI scheduling unit
	SS/PBCH
Blocks
	RMSI
	Paging
	OSI
	Total

	1 slot
	4ms
	8 ms
(64 slots)
	8 ms
(64 slots)
	8 ms
(64 slots)
	28ms

	7 symbols
	4ms
	4 ms
	4 ms
	4 ms
	16ms

	4 symbols
	4ms
	2.28 ms
	2.28 ms
	2.28 ms
	10.84ms

	2 symbols
	4ms
	1.14 ms
	1.14 ms
	1.14 ms
	7.42ms



Therefore, considering beam sweeping nature in above 6GHz frequency range, paging with overhead reduction mechanism should be introduced. Hence, we support option 2 as well in order to reduce network overhead as shown in Figure 3, paging group indicator triggers UE feedback and DCI followed by paging message.  
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Figure 3. Option 3- Paging group indicator triggering UE feedback

[bookmark: _GoBack]On the paging group indicator, RAN1 identified options for the paging group indicator whether it is in the paging DCI or non-scheduled physical channel, i.e. dedicated sequence [2]. Dedicated sequence based paging group indication may lead some false alarm probability so we prefer paging group indication within paging DCI. In this option, we would like to clarify the terminologies, paging group indicator is in the paging DCI, and the following DCI is for resource allocation of paging message. PO in this option is the time duration when the paging group indicators are transmitted and the paging DCI carrying the paging group indicator is masked by P-RNTI. Similar to option 1, there should be assumed the same beam sweeping pattern of paging group indicator and the corresponding transmitted paging message based on the UE feedback, the same beam sweeping pattern of SS blocks and that of paging group indicators. In this scheme, instead of beam swept transmission of paging messages, specific paging message corresponding to the received UE feedback direction is transmission within configured window after UE feedback reception.
Triggering of UE feedback using paging group indication in paging DCI may have some benefits in terms of DL resource efficiency since this mechanism can prevent unnecessary beam sweeping of paging messages. The way that UE may trigger the beam report is as follows: 
· Upon receiving paging indication, UE can transmit UE feedback 
· By the detection of the UL received signals, gNB can identify a rough direction of UEs who need paging messages 
· gNB transmits paging messages to the targeted direction(s) only (with DCI carrying resource allocation of the paging message)
For this operation, paging indicator should be well designed in order not to avoid waste UL resource for the feedback transmission. If the paging indicator is UE-specifically designed, then this mechanism is expected to provide system efficiency. 
Proposal 3: 
· In order to reduce network overhead, paging group indicator should be considered and should be designed UE-specifically.

3. Conclusion
In this contribution, we discussed paging design in NR and our observations and proposals are as follows :
Observation 1: 
· In case of option 1 for paging delivery, depending on the fact whether the paging DCI and the paging message are consecutive or not, duration/definition of PO is quite different.
Observation 2: 
· Transmitting the paging DCI and the paging message non-consecutively is beneficial in multiple beam environment in terms of UE battery saving. 
Observation 3: 
· Considerable amount of DL resources for beam swept broadcast system information transmission are required.

Proposal 1: 
· Frequency range for control channel search space for paging DCI is the same as that for RMSI transmission 
· Information on the transmission periodicity/interval (e.g. time information) for paging DCI transmission is indicated in the RMSI
Proposal 2: 
· For paging delivery, adopt the mechanism that the paging DCI and the corresponding paging message are non-consecutively transmitted.
Proposal 3: 
· In order to reduce network overhead, paging group indicator should be considered and should be designed UE-specifically.
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Appendix
Agreement: RAN1#88 (2017.02) [2]
· 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 

Agreement: RAN1 NR#3 (2017.09) [3]
· 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
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