3GPP TSG RAN WG1 Meeting NR#3                                           	R1-1716456
Nagoya, Japan, 18th – 21st, September 2017

Agenda Item:	6.1.1.3
Source:	Xiaomi Technology
Title:	Consideration on NR paging design
Document for:	Discussion and Decision

Introduction
In RAN1 #87, the following was agreed on paging design [1]：
	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



In RAN1 #88, the flowing was agreed on paging channel design [2]:
	Agreements:
· 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 


In RAN1 #90, some general agreements agreed [3]:
	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 have some discussions and proposals on the multi-beam paging design considering to reduce both the overhead and UE power consumption in idle DRX state.

Discussion
Paging occasions in NR
In LTE, Paging Occasion (PO) is a subframe in a 10ms Paging Frame (PF), there could be up to 4 POs within a radio frame, basically each PO corresponds to a group of UE. Furthermore the PSS/SSS signal is transmitted around the POs for DL synchronization every 5ms which is rather important for paging reception of idle UE in DRX mode. Therefore a slight more than 5ms awake window in LTE could be enough for DL synchronization and paging reception before UE falls asleep again if no paging in the certain paging occasion it monitors.  
However in NR, the PO should be the similar concept although the PO may be defined by be multiple slots and not a subframe anymore, so we can use NR PO for discussing in the following chapters. As RAN1 agreed in previous meetings, the default SS burst set period is 20 ms and the transmission of SS blocks within SS burst set is confined to a 5 ms window, so if there are several POs evenly distributed in the 20ms period (take 20ms default periodicity as example), some group of UE may be awake for longer time since the NR PO they are configured may be more than 10ms away from the SS blocks transmitted. Note that usually UE needs wake up in advance before the PO to monitor the SS blocks for DL synchronizing calibration, thus the power consumption of idle mode UE is apparently increased than that of LTE. Although DL SYNC RS could be considered for paging reception in such case, it is adding some always-on signal in each beam which should be avoid in the beginning of NR discussion. 
Supporting beam sweeping for paging is agreed in RAN1#87 meeting, the more NR POs configured in time domain, the more overhead for beam sweeping according to [4], so the number of NR PO should be reduced for the paging beam sweeping overhead reduction. However, if the number of POs in a 20ms period is reduced to one, since the number of UEs paged in NR would be more than that of LTE, it would require large reserved resources for paging scheduling in one PO in order to avoid paging congestion, so PO number in NR should be reduced but keep being configurable as LTE.
Considering the UE power consumption issue as discussed above and if the number of POs is not be confined to one, the NR POs in a SS burst set should not be evenly distributed.
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Figure 1 NR POs configuration
Proposal 1: In NR, the PO should not be evenly distributed in a SS burst set and the possible locations should be as near as possible to the SSBs.

Paging transmission and multiplexing with SS blocks
It is agreed that paging message is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH, however, the overhead in multi-beam scenario may be huge since the gNB needs to sweep paging to multiple directions assuming that it has no idea which beam could be retrieved by a given or a group of UEs. 
If there is only one PO defined per 20 ms, FDM of SS blocks with the paging DCI carried by NR-PDCCH and the paging message addressed could be considered to avoid another round of paging beam sweeping. However, FDM manner is confined by the minimum UE bandwidth, so that the bandwidth besides SSB may not be enough. Furthermore in one PO case, the maximum number of UEs that could be paging simultaneously is increased, which in reverse challenges the frequency resources for above FMD multiplexing. 
If more than one PO is defined for paging transmission in a 20ms period, it seems FDM could not solve the overhead issue totally because the paging in the other POs could not be frequency multiplexed with the SS blocks anyway if paging scheduling mechanism similar as LTE is adopted in NR. 
Observation 1: For multiple POs per 20 ms SS burst set periodicity, FDM of paging with SSBs for the first PO could not reduce the overhead in the other POs.
In order to reduce the overhead and the actual awake time of idle mode UE, A two-step paging transmission design could be considered. Paging indication without paging message could be the first step and the PO of the paging indication as discussed in above should be configured to only one in each 20ms period by default. Also the paging indication could be FDMed with the SS blocks since the network dominates the paging indication size, it is expected that the multiplexing of paging indication with SS blocks in frequency domain is enough by balancing the UE numbers of UE in a paging indication group.
Whether the paging indication is a scheduled or a non-scheduled channel could be for further study, however, paging indication should be a UE group based mechanism in which N subgroup could be defined. 
In such design, all UE should retrieve the paging channel FDMed with the SS blocks in the first step, if there is no paging indication derived, then the UE continue to sleep, thus the UE power is saved for most of the occasions. If there is paging indication decoded, and it is not for paging message, e.g system information update, no further paging message beams need to be swept, which saves the overhead for paging of none packet arrival.
Only when the cause derived from the paging indication is for paging of packet arrival, UE retrieves the second step PO, in which gNB configures NR-PDCCH search space addressing the paging messages only for the UEs being paged. The number of the second step POs in the SS burst set could be configurable, however, in order to reduce the overhead of paging beam sweeping, the least POs as possible should be supported for configuration.
Proposal 2: A two-step PO design could be considered with the first step PO periodicity being the same as that of the SS burst set. UE retrieves the second step PO only if the paging indication for paging of packet arrival is derived.
QCL assumption for paging
It was agreed in RAN1#90 that a UE may assume that antenna ports used for transmissions of SS/PBCH blocks with same index recurring with the SS/PBCH burst set periodicity are quasi-collocated with respect to spatial, average gain, delay, and Doppler parameters. Since it is possible to support paging channel discussed in above chapter FDMed with the SS/PBCH block for each beam, the QCL relation between SS/PBCH block and paging channel should also be assumed by UE at least at this stage. 

Proposal 3: The QCL relation between SS/PBCH and paging channel should be assumed by UE if FDM is supported.

Conclusions
In this contribution, we have some discussions on the issues in NR paging design for beam sweeping, a two-step paging approach may be considered to reduce the overhead and UE power consumption for paging transmission and reception according the SS block mapping agreed in previous meeting.  Some observation and proposals are listed.
Observation 1: For multiple POs per 20 ms SS burst set periodicity, FDM of paging with SSBs for the first PO could not reduce the overhead in the other POs.
Proposal 1: In NR, the PO should not be evenly distributed in a SS burst set and the possible locations should be as near as possible to the SSBs.
Proposal 2: A two-step PO design could be considered with the first step PO periodicity being the same as that of the SS burst set. UE retrieves the second step PO only if the paging indication for paging of packet arrival is derived.
Proposal 3: The QCL relation between SS/PBCH and paging channel should be assumed by UE if FDM is supported.
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