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1 Introduction

In RAN1 NR AdHoc #3, the following options have been identified for down-selection in paging design:
· Option 1: Paging DCI followed by Paging Message

Note: These do not imply that they are consecutive

· Option 2: Paging group indicator triggering UE feedback and Paging DCI followed by Paging Message

· Option 3: Paging group indicator and Paging DCI followed by Paging Message

· Option 4: Paging DCI indicates use of Option 1 or 2. 
In RAN1#90bis[1], it was agreed that:
· At least Option 1 (Paging scheduling DCI followed by Paging Message) is supported

· From RAN1 perspective, paging scheduling DCI and Paging Message are always sent 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 

In order to reduce DL signalling overhead in high frequency deployments with a large number of DL beams, e.g. max 64 beams, a group paging scheme has been proposed which is also referred as “response-driven paging”. With this concept, paging indicators are used, where multiple UEs can be assigned the same paging indicator. Upon reception of a paging indicator, A UE has to response to the network to find out whether it is actually being paged or not. 
In this contribution, we provide some consideration on the response-driven paging for RAN2 discussion.
2 Discussion

In RAN2 Ad hoc meeting, agreement about paging were made:
· 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) 

As per this agreement, from RAN2 perspective, paging can be transmitted at least using beam sweeping, but the content is paging indicator or paging message is FFS.
RAN1 has agreed that at least Option 1 (Paging scheduling DCI followed by Paging Message) is supported, i.e. direct paging scheme as in LTE. However, in high frequency deployments, paging has to be transmitted in the form of beam sweeping with a large number of DL beams, e.g. up to 64 beams, which creates a lot of signalling overhead. And the proposed response-driven paging can reduce DL signalling overhead in high frequency deployments.
Observation1: Response-driven paging can reduce DL signalling overhead especially in high frequency deployments.
As thus, RAN2 should consider supporting the response-driven paging scheme as well as the Option 1, i.e. direct paging as in LTE, and which of the two is used by a gNB should be configurable. For example, it can be indicated in paging DCI whether to use the response-driven paging scheme.
Proposal 1: RAN2 should discuss and support the response-driven paging scheme as well as the Option 1, i.e. direct paging as in LTE, and which is used should be configurable.
It has been concluded that in 5G NR network deployment, especially in high frequency band, there are at most up to 64 beams for beam sweeping transmission. Considering paging in multi-beam operation, the paging indicator (PI) can be transmitted with up to 64 beams, each of which containing a repeated PI. It is not necessary for a UE to respond all the received beams, and only the best beam needs to be respond, such that the number of distinct response beams can be reduced, and so the DL overhead of the actual paging record transmission. Therefore, it is beneficial to minimize the number of the distinct response beams. In order to select the most suitable beam for response, UE needs to measure the received beams on the basis of configured threshold(s) by gNB. Such threshold(s) for beams selection defines the suitable beams for the UE, and only the beam(s) above the configured threshold(s) can be selected. If there are more than one beams meet the condition, it is up to UE implementation to decide the most suitable beam for transmitting a feedback.
Proposal 2: It is necessary for UEs to select the most suitable beam on the basis of configured threshold(s) by gNB to respond. 
After selecting the most suitable beam, the UEs in the indicated UE groups need to transmit a feedback to the network. There are two feedback options proposed as follows:
· One option is that the UEs indicated by the PI initiate RA procedure as a feedback, and including UE ID in Msg1 or Msg3 to make the network find out whether these UEs are actually paged or not. However, including UE ID in Msg1 requires to redesign Msg1, increasing specification complexity. And including UE ID in Msg3 may lead to increased UE power consumption and UL overhead due to significant signalling messages in the RA procedures.  .
· The other option is that the UEs indicated by the PI just transmit a special preamble to network as a response. Then the network can determine the transmission beams used for the subsequent paging message corresponding with the response beams. 
In our opinions, the second option is more effective and easier to achieve. In order to distinguish between response-driven paging response and normal random access, this can be achieved by two methods as follows:
· One method is reserving a limited number of dedicated preambles for the paging indicator response transmission, similar to on-demand OSI request. For example, a preamble or PRACH resource can be associated to a paging group (PI). When UEs receive the PI, they will use the corresponding preamble associated with the indicated paging group to respond. 

· According to the agreements in RAN1 #91[2], gNB configures multiple SSBs per RACH occasion and multiple preambles per SSB in RMSI. This also can be achieved by configuring a group of preambles when transmitting the PI using beam sweeping, where, a preamble is associated with a SS Block beam, i.e. the number of preambles configured for response-driven paging should be equal to the number of SS Block beams in a group of SS Block beams. UEs indicated by the PI will use the preamble associated with the selected beam configured by gNB to respond. The gNB can obtain the directions of DL beams, with the PRACH resource indicating the group of SS Block beams and the preamble indicating the SS Block beam within the group.
Proposal 3: With the response-driven paging scheme, the paging group indicator instructs UEs in the indicated UE groups to transmit a dedicated PRACH preamble as a feedback.
After receiving the feedback from UEs, the gNB should transmit the paging record only on the directions of DL beams corresponding to the received dedicated PRACH preambles instead of all beams of all TRPs. Upon reception of the paging record a UE will find out whether it being paged or not.
3 Conclusion

Based on the above, RAN2 is requested to discuss and capture the following proposal:
Observation1: Response-driven paging can reduce DL signalling overhead especially in high frequency deployments.
Proposal 1: RAN2 should discuss and support the response-driven paging scheme as well as the Option 1, i.e. direct paging as in LTE, and which is used should be configurable.
Proposal 2: It is necessary for UEs to select the most suitable beam on the basis of configured threshold(s) by gNB to respond. 

Proposal 3: With the response-driven paging scheme, the paging group indicator instructs UEs in the indicated UE groups to transmit a dedicated PRACH preamble as a feedback.
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