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1 Introduction

RAN#71 in March approved a NR SID [1]. An initial aspect of this SID is for RAN2 to study/agree on the radio protocol architecture and procedures. Paging is an important radio protocol procedure.  In this contribution we discuss the RAN2 aspects of paging transmission/reception in NR.
2 Discussion
2.1 Paging in LTE
In LTE [2] idle mode UE monitors paging every DRX cycle. UE monitors one paging occasion (PO) in a specific paging frame (PF) per DRX cycle. One PF is one radio frame which may contain one or multiple PO(s). There can be up to four POs in a PF. One or more radio frames can be a PF. UE determines the PF and PO for its paging using the DRX parameters provided in system information.  

PF is determined using the equation : SFN mod T= (T div N)*(UE_ID mod N)
· T : DRX Cycle of the UE. T is determined by the shortest of the UE specific DRX value, if allocated by upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied.
· nB: Total number of POs in a DRX cycle
· N: Number of PFs in a DRX cycle = min (T,nB)
· UE ID: IMSI mod 1024
PO is determined using the equation : i_s = floor (UE_ID/N) mod Ns
· Ns: Number of POs in a PF = max (1, nB/T)
· i_s to subframe number (i.e. PO) in PF is pre-defined for each Ns value
For e.g. if nB: 4T; T = 256rf; and UE ID = 1024 then PF & PO monitored by this UE is shown in Figure 1.
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Figure 1
In a PO, paging message is transmitted using PDSCH. PDCCH is addressed to P-RNTI if there is a paging message in PDSCH. P-RNTI is common for all UEs. So UE identity (i.e. IMSI or S-TMSI) is included in paging message to indicate paging for a specific UE. Paging message may include multiple UE identities to page multiple UEs. Up to 16 UEs can be paged at a time in a paging occasion.
2.2 Paging in NR- General Aspects
Paging message can be used in NR to page UE(s) and to provide notifications such as system information update, ETWS notification etc. Monitoring the DL continuously for receiving the paging message is not desirable for UE’s power consumption. So similar to LTE, UE in RRC_IDLE and RRC_INACTVE state should be allowed to monitor paging once every DRX cycle. UE monitors one paging occasion per DRX cycle. From RAN2 point of view, paging occasion is the time interval over which a paging message is transmitted by gNB. There is tradeoff between the length of DRX cycle and latency to page the UE. So the length of DRX cycle should be configurable. A default DRX cycle length similar to LTE can be provided in system information. Additionally, a UE specific DRX cycle length can also be provided to UE in dedicated signaling. 
Proposal 1: UE in RRC_IDLE and RRC_INACTVE state monitors paging every DRX cycle. 
Proposal 2: UE monitors one paging occasion per DRX cycle. Paging occasion is the time interval over which a paging message is transmitted by gNB. 
Proposal 3: The length of DRX cycle is configurable. A default DRX cycle length is provided in system information. Additionally, a UE specific DRX cycle length can also be provided to UE in dedicated signaling.
The number of UEs that can be paged in each paging occasion depends on carrier bandwidth, coverage requirement, etc. Depending on paging load it may or may not be possible to page all UEs in same paging occasion. This means that multiple paging occasions will be needed in a DRX cycle. Network only can be aware of paging load and hence the number of paging occasions in the DRX cycle should be configurable and provided in system information.  As in LTE, if multiple paging occasions are configured by network in the DRX cycle then UEs can be distributed to these paging occasions based on UE ID.
Proposal 4: The number of paging occasions in the DRX cycle is configurable and provided in system information.
Proposal 5: If multiple paging occasions are configured by network in the DRX cycle then UEs can be distributed to these paging occasions based on UE ID.
2.3 Paging in NR- Beamforming Aspects

According to NR SID [1], new RAT will consider frequency ranges up to 100GHz. At higher frequencies, beamforming is essential to compensate for path loss. One TX beam cannot provide the full cell coverage. Paging needs to be transmitted using the multiple DL TX beams. If gNB does not have enough antenna arrays to transmit the DL TX beams concurrently in same time slot, then multiple time slots will be needed to transmit paging using all the DL TX beams. GNB performs DL TX beam sweeping (i.e. switches DL TX beam in each time slot). An example of transmitting paging using beam sweeping is shown in Figure 2. 
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Figure 2
RAN1 has also discussed the paging transmission using multiple DL TX beams and has made the following agreements [3]:


Based on these agreements we propose that paging message can be transmitted using beam sweeping. The main impact of beam sweeping is that paging occasion will comprise of multiple time slots instead of one time slot. Distinct set of DL TX beam(s) are used in each of these time slot for transmitting a paging message. The granularity (e.g. a subframe or one or more OFDM symbol) of time slot is not yet decided by RAN1. The number of time slots in a paging occasion can be configured in system information.
Proposal 6: Paging message can be transmitted using beam sweeping.
Proposal 7: Paging occasion consists of multiple time slots (e.g. subframe or OFDM symbol) if paging is transmitted by sweeping beams. Distinct set of DL TX beam(s) are used in each of these time slot for transmitting a paging message.
Proposal 8: The number of time slots in a paging occasion is provided in system information.
In order to receive the paging message transmitted using beam sweeping, UE has to monitor increased number of time slots for paging as paging occasion consists of several time slots for TX beam sweeping. This leads to increased UE’s power consumption. UE power consumption can be reduced if UE can determine the best/suitable DL TX beam using the broadcast signals such NR-PSS/SSS/PBCH and then monitors the time slot in paging occasion corresponding to the best/suitable DL TX beam. This approach requires that UE knows the mapping between one or more DL TX beams and time slots in paging occasion. The mapping between one or more DL TX beams and time slots in paging occasion can be implicit. The order in which DL TX beams are used for transmission of NR-PSS/SSS/BCH is same as order in which DL TX beams are used for transmission of paging message in paging occasion. This is shown in Figure 3. For example, if best/suitable DL TX beam is TX5, then UE monitors only SF4 for receiving paging.
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Figure 3

In a beamformed system UE may also perform RX beamforming. If UE has several RX beams then UE has to determine the RX beams for receiving paging in paging occasion. If UE has N RX beams and paging is transmitted using a TX beam only once then UE wakes up in advance before the paging occasion to monitor the broadcast signals such as NR-PSS/SSS/BCH, perform RX beam sweeping and determine the best RX beam. UE then uses this RX beam to receive paging in paging occasion. This is shown in Figure 4. 
Proposal 9:  UE does not need to monitor all time slots in paging occasion for receiving paging message.

Proposal 10:  Mapping between the time slots in paging occasion and DL TX beams can be explicitly or implicitly signaled to UE. The details are FFS.

Proposal 11:  UE wakes up before the paging occasion, monitors the broadcast signals such as NR-PSS/SSS/BCH, perform RX beam sweeping and determine the best/suitable DL RX beam and DL TX beam. 

·    UE monitors using the determined DL RX beam, the time slot in paging occasion corresponding to the determined DL TX beam.
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Figure 4A
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Figure 4B

UE has to wakeup N*P ms before the PO where P is the periodicity at which broadcast signals such as NR-PSS/SSS/BCH are transmitted using full TX beam sweeping as shown in Figure 4A. Alternately, if paging is FDMed with PSS/SSS/BCH, then UE has to wakeup (N-1)*P ms before the PO as shown in Figure 4B. This leads to increased UE power consumption. This wakeup duration can be reduced if broadcast signals can be broadcasted frequently (i.e. with shorter broadcast period) before the paging occasion.

Proposal 12: RAN2 should study mechanisms to minimise the UE’s wake up time before the paging occasion.
3 Conclusion

Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:

Proposal 1: UE in RRC_IDLE and RRC_INACTVE state monitors paging every DRX cycle. 
Proposal 2: UE monitors one paging occasion per DRX cycle. Paging occasion is the time interval over which a paging message is transmitted by gNB. 

Proposal 3: The length of DRX cycle is configurable. A default DRX cycle length is provided in system information. Additionally, a UE specific DRX cycle length can also be provided to UE in dedicated signaling.

Proposal 4: The number of paging occasions in the DRX cycle is configurable and provided in system information.
Proposal 5: If multiple paging occasions are configured by network in the DRX cycle then UEs can be distributed to these paging occasions based on UE ID.
Proposal 6: Paging message can be transmitted using beam sweeping.

Proposal 7: Paging occasion consists of multiple time slots (e.g. subframe or OFDM symbol) if paging is transmitted by sweeping beams. Distinct set of DL TX beam(s) are used in each of these time slot for transmitting a paging message.

Proposal 8: The number of time slots in a paging occasion is provided in system information.
Proposal 9:  UE does not need to monitor all time slots in paging occasion for receiving paging message.

Proposal 10:  Mapping between the time slots in paging occasion and DL TX beams can be explicitly or implicitly signaled to UE. The details are FFS.

Proposal 11: UE wakes up before the paging occasion, monitors the broadcast signals such as NR-PSS/SSS/BCH, perform RX beam sweeping and determine the best/suitable DL RX beam and DL TX beam. 

·    UE monitors using the determined DL RX beam, the time slot in paging occasion corresponding to the determined DL TX beam.

Proposal 12: RAN2 should study mechanisms to minimise the UE’s wake up time before the paging occasion.

4 References

[1] RP-160671, “Study on New Radio Access Technology”, NTT DOCOMO
[2] TS 36.304, “UE Procedures in Idle Mode”
[3] RAN1 #87 Chairman Notes
RAN 1 Agreement:


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
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