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1	Introduction
In the last RAN 2 # 98 meeting, the response-driven paging has been discussed and proposed by many companies for reducing the radio resource overhead of beam sweeping in NR [1]-[7]. 
In this contribution, we compare the different implementations for the response-driven paging discussed in [1], [2] and [8] and we propose a way forward.
2	Discussion
2.1			Classification of Different Implementations
The different implementations of response-driven paging can be classified in two options as shown in Fig. 1.
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Figure 1: Classification of the different implementations of response-driven paging.
The first option comprises the implementations where the UE paging identity (UE ID) is sent to the network performing the check of whether a UE is paged or not: The UE ID can be transmitted to the network either 1) in Msg 1 consisting of a RACH preamble and a data part or 2) in Msg 3 comprising RRC Connection Request message. For both sub-options, the paged UEs can complete the connection setup in Msg 4 for receiving the incoming call or data transfer.
In the second option, the paging record list containing the UE IDs is sent in Msg 2 to the UEs belonging to the paging groups indicated by broadcasted paging indicators. The Msg 2 is transmitted only on the specific beams from which Msg 1 was received.  Herein, one can differentiate between two sub-options: In the first sub-option, the paged UEs (based on Msg 2) perform normal RACH access for receiving the call or data transfer, whereas in the second sub-option the paged UEs send directly connection request. The advantage of the second sub-option is that the additional two signalling messages (Msg 1 + Msg 2) for normal RACH access (and incurring latency) are saved at the expense of a possible higher RACH collision. This is because in first sub-option only the paged UEs perform normal RACH access (after receiving Msg 2) whereas in the second sub-option, all the UEs belonging to the signalled paging indicators perform RACH access using Msg 1.
2.2			Comparison of Different Implementations
The different implementations of response-driven paging are compared in Table 1.
All the implementations require that the network broadcasts paging indicators corresponding to the paged UEs in a paging occasion. Upon receiving the paging indicators, all the UEs belonging to the same paging group perform uplink access.
Observation 1: All the implementations of response-driven paging require that the network broadcasts the paging indicators corresponding the paged UEs. Upon receiving the paging indicators, all the UEs belonging to the same paging group perform uplink access.
Proposal 1: An UE is assigned to monitor a paging indicator corresponding to a paging group.
	
	Paging option 1: UE ID is sent to the network
	Paging option 2: Paged UE IDs are sent by network

	
	Sub-option 1-1: Msg 1 (RACH preamble + data) includes UE ID
	Sub-option 1-2: Msg 3 (RRC Connection Request) includes UE ID
	Sub-option 2-1: Paged UEs perform normal RACH access after Msg 2
	Sub-option 2-2: Paged UEs establish the connection after Msg 2

	Broadcast transmission of paging indicators
	Needed.
	Needed.
	Needed.
	Needed.

	Broadcast transmission of the paging record list (containing UE IDs of paged UEs) 
	Not needed.
	Not needed.
	Needed which may have some impact on downlink radio resource overhead (FFS) if the UEs of the paging groups are detecting/spread over different downlink beams.
	Needed which may have some impact on downlink radio resource overhead (FFS) if the UEs of the paging groups are detecting/spread over different downlink beams.

	RACH preamble
	RACH preamble with data part for sending the UE ID.
	RACH preamble without data part.
	RACH preamble without data part.
	RACH preamble without data part.

	Number of signalling messages for paging false-alarm resolution (excluding the first broadcast transmission of paging indicators)
	2 signalling messages:

Msg 2 contains a RACH response for paged UEs and a “false/back-off” indication for non-paged UEs. 
	4 signalling messages:

Msg 4 contains either RRC Connection Setup (for paged UEs) or Reject (back-off indication for non-paged UEs).
	2 signalling messages:

Msg 2 contains the UE IDs of paged UEs.
	2 signalling messages:

Msg 2 contains the UE IDs of paged UEs.

	Number of signalling messages required by paged UEs for establishing the connection and receiving the incoming call/data transfer
	4 signalling messages
· Msg 1 and Msg 2 for RACH
· Msg 3 and Msg 4 for RRC Connection Request and Setup.
	4 signalling messages
· Msg 1 and Msg 2 for RACH
· Msg 3 and Msg 4 for RRC Connection Request and Setup.
	6 signalling messages
· Msg 1 and Msg 2 for pulling the paging record list
· Msg 1 and Msg 2 for normal RACH access
· Msg 3 and Msg 4 for RRC Connection Request and Setup
	4 signalling messages
· Msg 1 and Msg 2 for pulling the paging record list
· Msg 3 and Msg 4 for RRC Connection Request and Setup.

	3GPP specification effort 
	Moderate.
	Low.
	Low.
	Low.


Table 1: Comparison of different implementations for response-driven paging.
For the first option, the paging record list is not transmitted over the radio which reduces the downlink radio resource overhead substantially compared to LTE-like paging mechanism. On the other hand, for the second option the paging record list is transmitted on the same beams from which Msg 1 was received, which may have an impact on the downlink resource overhead if Msg 1 was received from a high number of beams, i.e., UEs detecting different downlink beams.
Observation 2: Sending the paging record list, containing UE IDs of paged UEs, on the same beams from which Msg 1 was received may have an impact on downlink radio resource overhead if Msg 1 is received from a high number of beams.
For sub-option 2-1, there are namely two possibilities for allocating a RACH preamble [9]:
1. One dedicated preamble is allocated for response driven paging that is common for all UEs [1]. In this case, the Msg 2 would contain the full paging message.
2. Dedicated preamble is allocated per paging group. In this case, each Msg 2 carries the UE IDs that are being paged for that paging group indicator.

Overall, the second possibility has lower downlink signalling overhead compared to the first one at the expense of allocating additional dedicated preamble per paging group.
Observation 3: Allocating dedicated preambles per paging group allows to send in Msg 2 only the UE IDs that are being paged for that paging group indicator.
[bookmark: _GoBack]Among the two implementations of the first option, sending the UE ID in Msg 1 has the advantage that the number of signalling messages for paging false-alarm resolution is reduced by half which decreases the signalling overhead and more important the UE power consumption (like the second option).
Observation 4: Sending the UE ID in Msg 1 instead of Msg 3 reduces the signalling overhead and more important the UE power consumption caused by paging false-alarms.
The number of signalling messages required by paged UEs for establishing the connection, e.g., to receive the incoming call or data transfer is 4 for sub-options 1-1, 1-2 and 2-2, whereas it is 6 for sub-option 2-1. Thus, additional signalling and latency occur when the paged UEs perform normal RACH access after receiving the paging message in Msg 2.
Observation 5: Additional signalling and latency occur when the paged UEs perform normal RACH access after receiving the paging message in Msg 2.
Among all implementations, sub-option 1-1 requires more time and effort for finalizing the 3GPP specifications as it needs extension for Msg 1 format and specifying the behaviour at the gNB, i.e., comparing the received UE IDs with paged ones. However, sub-option 1-1 achieves the highest savings in downlink radio resources, latency and UE power consumption caused by paging false-alarms, i.e., combines the benefits of all other methods.  As such, it is sensible to investigate first the feasibility of implementing sub-option 1-1, i.e., study the number of RACH preambles required for achieving a small collision rate, before considering other implementations. For this purpose, the study of [7] about the number of UEs performing uplink access in response driven paging can be used for estimating the number of required preambles.
Proposal 2: RAN 2 to send a LS for RAN 1 asking the feasibility of including the UE ID in Msg 1.
3	Conclusion
In this contribution, we have analysed the pros and cons of different implementations for response-driven paging. The observations and proposals are summarized in the following:
Observation 1: All the implementations of response-driven paging require that the network broadcasts the paging indicators corresponding the paged UEs. Upon receiving the paging indicators, all the UEs belonging to the same paging group perform uplink access.
Observation 2: Sending the paging record list, containing UE IDs of paged UEs, on the same beams from which Msg 1 was received may have an impact on downlink radio resource overhead if Msg 1 is received from a high number of beams.
Observation 3: Allocating dedicated preambles per paging group allows to send in Msg 2 only the UE IDs that are being paged for that paging group indicator.
Observation 4: Sending the UE ID in Msg 1 instead of Msg 3 reduces the signalling overhead and more important the UE power consumption caused by paging false-alarms.
Observation 5: Additional signalling and latency occur when the paged UEs perform normal RACH access after receiving the paging message in Msg 2.
Proposal 1: A UE is assigned to monitor a paging indicator corresponding to a paging group.
Proposal 2: RAN2 to send a LS for RAN1 asking the feasibility of including the UE ID in Msg 1.
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