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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
NR paging has been discussed in RAN2 #97 meeting and the following agreements have been made:

Agreements
1:   UE in RRC_IDLE and RRC_INACTVE state monitors paging/notification every DRX cycle. 

2:   UE monitors one paging occasion per DRX cycle. Paging occasion is the time interval over which a paging message is transmitted by gNB. 

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.

4:   The number of paging occasions in the DRX cycle is configurable and provided in system information.

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.

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)

7:    Paging occasion can consists of multiple time slots (e.g. subframe or OFDM symbol). (Multiple time slots enables transmission of paging using a different set of DL TX beam(s) in each time slot, or could enable repetition - RAN1 decision).

8:   The number of time slots in a paging occasion is provided in system information.

Also, in RAN1 #91bis meeting some agreements about paging are as follows:
	· At least Option 1 (Paging scheduling DCI followed by Paging Message) is supported
· From RAN1 perspective, paging scheduling DCI and Paging Message are sent at least in the same slot
· From RAN1 perspective, NR supports LTE-like UE grouping where UE is specifically configured of its PO/slot. This is considered part of Option 1.
Details of UE grouping are up to RAN2




This contribution will discuss the signalling overload problem in multi-beam scenario and address some issues with the concept of ‘response-driven paging’.
2. Discussion
2.1 Paging indicator
For paging in multi-beam operation, the paging message has to be deliverd via beam sweep. Considering the large number of beams and paging messages, it will obviously cause a signalling overload for network and this has been discussed in previous RAN2 meetings. To solve this problem, paging indicators accompanied by a UE verfication of whether being truly paged will work, i.e. the response-driven paging. 
In this response-driven paging procedure, the paging indicators, instead of full paging messages containing UE ID information, will be  transmitted by the network. The paging indicator could be a kind of group ID specified if UEs have been divided into different paging groups. In this way, just truncated UE-ID or some other forms of UE ID is included in the paging indication. UEs which are included in the paging indicator provide responses to the network. Network then can page the UE in the range of cells receiving response and even in corresponding beam direction. In other words, the response-driven paging is a way trying to balance the paging sinalling overhead and the increse of DL/UL resources consumption.
[bookmark: _Ref506044337]Proposal 1: Paging indicators can be used to solve the signalling overload problem in multi-beam scenarios in NR.

Considering different cases in high-frequency and low-frequency scenarios in NR, the new response-driven paging as well as the regular paging can be controlled under the network to give the paging mechanism more flexibilities.
[bookmark: _Ref506044342]Proposal 2: the response-driven paging is an optional feature and can be configured based on the decision of the network in different scenarios.

Basically, the paging indicator can be N bits which is smaller than the full UE ID. As mentioned above, the paging indicator could be a kind of group ID if UEs have been divided into different paging groups or just truncated UE-IDs or in some other forms. since it will cost extra work to derive the bitmap and decide how to group UEs uniformly to decrease the false alert in paging, we proposal to use the truncated UE-ID as the paging indicator.
[bookmark: _Ref506044343]Proposal 3: Truncated UE-ID is used as paging indicator.

2.2 Access procedure for response-driven paging
Based on the discussion above, the use of paging indicator will help to address the signalling overhead in NR paging, leaving a problem that how the UE informs the network that it is indicated by paging indicator.
To solve this problem, a UE has to perform a RACH procedure to get access to the network and tries to inform the network whether the paging is for itself or not. There are three options:
Option 1: UEs send dedicated preamble (reserved for response-paging purpose) and the network replies with a list of UE IDs to indicate the UEs it has truly paged.
Option 2: UEs send regular preamble to initiate a RACH procedure, and provides its UE ID and a paging indication (means this is a RACH for response-driven paging) in msg3, then the network replies with an ACK/NACK.
Option 3: UEs send regular preamble to initiate a RACH procedure, and a request in msg3 for paging record then the network replies with a list of UE IDs to indicate the UEs it has truly paged.

For option 1, the main purpose is to reduce the potential higher load which may be brought by this response-driven paging mechanism. When UE receives paging indicator, it will send a preamble to inform the NW, and then the NW replies with a list of UE IDs to indicate the UEs it has truly paged. 
By introducing dedicated preamble and following response, the response-driven paging procedure could be completed at the end of msg2. Therefore, it will be a great optimization for resource consumption without sending msg3 and msg4. Meanwhile, when using this preamble-based method, the dedicated preamble can be send to many cells at the same time, making this procedure more efficient in multi-beam scenario.
As for option2 and 3, they can both work and may have less effect on current specification. However, with introducing this new response-driven paging feature, it is better to design and optimize it in the best, thus we prefer option 1.

[bookmark: _Ref506044345]Proposal 4: In response-driven paging, UEs send dedicated preamble (reserved for response-paging purpose) and the network replies with a list of UE IDs to indicate the UEs it has truly paged.
3. Conclusion
In this contribution, we mainly discussed the design of response-driven paging procedure and reach the following proposals:
Proposal 1: Paging indicators can be used to solve the signalling overload problem in multi-beam scenarios in NR.
[bookmark: _GoBack]Proposal 2: the response-driven paging is an optional feature and can be configured based on the decision of the network in different scenarios.
Proposal 3: Truncated UE-ID is used as paging indicator.
Proposal 4: In response-driven paging, UEs send dedicated preamble (reserved for response-paging purpose) and the network replies with a list of UE IDs to indicate the UEs it has truly paged.
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