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1 Introduction

In RAN1 #88[1], RAN1 agreements were made on paging and carrier bandwidth for high frequency.
	· 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


	· For carrier supporting initial access,

· For frequency range up to 6 GHz, minimum carrier bandwidth for NR can be either 5 or 10 MHz and is frequency band dependent

· For frequency range from 6 GHz to 52.6 GHz, minimum carrier bandwidth for NR can be either 40 or 80 MHz and is frequency band dependent

· RAN1 considers that RAN4 will determine mapping between frequency band and minimum carrier bandwidth value in consideration with above


A number of RAN2 agreements related to paging were made in the study item phase for NR.  Related to paging in high frequency, the following was agreed at the RAN2 January Ad-hoc meeting [2]:  
6: RAN2 understanding is that paging can be transmitted at least using beam sweeping (content of paging may be a paging indicator or the paging message, FFS)
In this contribution we discuss details of the paging indicator solution.
2 Paging Indicator Design
The concept of response driven paging was first discussed in the NR study item phase [3]
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[4].  The concept reduces the DL overhead of beamsweeping the paging message by grouping UEs into paging groups and only beamsweeping a paging indication (PI) associated with the group to which the UE to be paged belongs.  The UEs which detect the transmission of a paging indicator for their group perform UL transmission so that the network can then transmit the actual paging message (or similar) only in the DL beams of the UEs that have responded.  As explained in our companion contribution [5], the UL overhead in response driven paging is increased due to UL transmissions by all UEs in the paging group (most of which will not receive paging) but a significantly larger savings in DL overhead is achieved.

The number of UEs which need to respond to a PI will depend on the number of UEs configured to be within the paging group associated with that PI.  Since this number determines the tradeoff between DL overhead reduction, and UL overhead increase, it should be network configurable.  In order to avoid significant signaling to achieve this configurability, a combination of system information and UE ID can be used by the UE to determine the specific group to which it belongs. For example, the paging group can be equal to the first N bits of the S-TMSI, and N could be sent in system information.    
Proposal 1:
The UE determines its paging group based on system information and UE ID.  Details are FFS. 

In LTE, UEs in IDLE mode monitor P-RNTI on paging occasions which are determine by the UEs paging frame (PF) and paging subframe (PO).  UEs compute their POs based on their UE ID so that the network can distribute the paging load in time and configure the amount of NW resources required for paging.  It is likely that the same PF/PO calculation method will be used in NR.  
As discussed in our companion contribution, the NW may want to enable/disable response driven paging [5].  For this reason, use of this method should not change the UE’s computation of PF and PO.  Once the UE has woken up during its PO, if response driven paging is configured, the UE can monitor for the PI associated with its paging group, rather than the normal paging message sent using P-RNTI.  If response driven paging is not configured, the PO computation and UE wakeup behavior is the same.  In this way, the design of paging groups requires that UEs which map to a single paging group will all have the same computed PO, in order to avoid that UEs need to wakeup on multiple POs when response-driven paging is configured.
Proposal 2:
The UE expects PI to be transmitted by the NW during its computed paging occasion when response-driven paging is configured. 

The network should have full flexibility on how it configures a paging group (e.g. it can configure a single paging group for all UEs in the same PO or configure multiple groups (e.g. PIs) within a PO).   In this way, the network can independently configure the resources used for paging (e.g. number of paging subframes per frame) and the number of UEs in a paging group. 

Proposal 3:
Paging group design should allow one or multiple paging groups within a  PO. 

The actual transmission mechanism for the PI has already been discussed by RAN1.  In RAN1#88, two options have been identified for transmission of the paging indicator in such a way to decrease the overhead of beamforming: 1) Paging indication in the DCI, and 2) Paging indication in a non-scheduled PHY channel.  With option 1, the UE can determine the PI being transmitted with either the RNTI used for transmission of the DCI, or an identifier within the DCI.  Multiple IDs in the DCI, or multiple DCIs transmitted within a PO would be necessary to address the case where the network configures multiple PIs in a PO.  In option 2, a PHY channel other than PDCCH is used to send the PI (e.g. using a distinct sequence per PI).  These aspects are explored in more detail in our RAN1 contribution [6], and are expected to be decided in RAN1. 
Observation 1:
PI transmission mechanism (PI in DCI, or using an unscheduled PHY channel) will be determined by RAN1. 

When a UE receives a PI which matches its paging group, it needs to send a response to the NW.  Since the UE is in IDLE/INACTIVE state and therefore has no resources allocated, UE transmission must be based on PRACH transmission.
Proposal 4:
A UE that receives a PI matching its paging group responds to the network using a PRACH transmission (e.g. a preamble).

The network uses the PRACH transmission to determine in which beam(s) to send the final paging message for the UEs associated to thePI.  To do so, the PRACH transmission should be differentiated from other UE transmissions (e.g. access, system information request).  This can be achieved with a dedicated preamble and/or dedicated PRACH resource that can be used by any UE when responding to a PI.
If all UEs in a paging group respond to their PI using the same PRACH resource, the network can transmit the actual paging record only in the DL beams indicated by the dedicated PRACH transmission.  An additional enhacement to further reduce the DL overhead is to have the UE identify itself in the PI response, so that the NW can then transmit the paging message or a confirmation only in the beams associated with the actual UEs being paged.  Identification of the UE can be achieved by transmission of the UE ID in MSG3, or by some form of PRACH partitioning.  
However, transmission of the UE ID in MSG3 should be avoided, as it results in all UEs in a group needing to perform a full RACH procedure, regardless of whether they are being paged.   Furthermore, we think that the sending the UE ID is not necessary for this scheme to work, as the network only needs to be aware of the beams in which it should transmit a DL message. We think that this type of operation brings enough DL overhead reduction when compared to sending paging messages in all beams of all TRPs, associated to a tracking are.    Therefore, as long as preamble index is associated to a PI, then receiving only a preamble is sufficient.    
This can be achieved by reserving a limited number of preambles for the paging indicator response transmission, similar to SI request.  For example, a preamble or PRACH resource can be associated to a paging group (PI).  UEs that received the corresponding PI will use the associated preamble to respond.  
Proposal 5:
A UE uses one of a list of configured RACH preamble when responding to a paging indicator.  
Given the PI needs to be transmitted in the PO, and the UE needs to perform UL transmission following reception of a PI, the paging record or paging confirmation can no longer be transmitted during the normal PO.  Instead, since PRACH is being transmitted by the UE,  the paging message can be transmitted in MSG2 (e.g. using RA-RNTI).  Depending on when the UE identifies itself in the PI response, the UE can determine that it is being paged if it receives MSG2 containing its UE ID or with some confirmation that it is being paged.  Such UE can then initiate connection establishment.  Whether the UE will initiate connection establishment procedure from MSG1 or MSG3 will depend on the feasibility of sending other MSG2-related information (timing advance, UL grant) with the paging in MSG2.  
Proposal 6:
A UE that transmits a paging indicator response preamble receives the paging record in MSG2.  

3 Conclusion

In this contribution the following observations we made related to paging indicator method:
Observation 1:
PI transmission mechanism (PI in DCI, or using an unscheduled PHY channel) will be determined by RAN1. 

Based on the above observations, the following conclusions have been made.
Proposal 1:
The UE determines its paging group based on system information and UE ID.  Details are FFS. 

Proposal 2:
The UE expects PI to be transmitted by the NW during its computed paging occasion when response-driven paging is configured. 

Proposal 3:
Paging group design should allow one or multiple paging groups within a  PO. 

Proposal 4:
A UE that receives a PI matching its paging group responds to the network using a PRACH transmission (e.g. a preamble).

Proposal 5:
A UE uses one of a list of configured RACH preamble when responding to a paging indicator. 
Proposal 6:
A UE that transmits a paging indicator response preamble receives the paging record in MSG2.  
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