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1 Introduction
[bookmark: _Ref178064866]In RAN1 #87 meeting, it was agreed that for paging in multi-beam operation, beam sweeping will be supported for paging transmission in NR. However, the major concern of beam-swept paging transmission is the large consumption on the DL radio resources since the number of SS-block beams can be up to 64. It was further agreed in RAN1 #90 meeting that,
Agreements in RAN1 #90:
· Paging mechanism should be decided for Rel-15, where the issue of beam sweeping overhead for paging transmission should be considered, especially for high frequency band with up to 64 SS-block beams
· E.g., paging occasion design with beam sweeping
· E.g., techniques to reducing the paging sweeping beams
In current discussion, an indication-based paging mechanism (or called response-driven paging, trigger mode paging) has been proposed to address the DL paging overhead issues. The following agreements have been reached in RAN1 and RAN2 discussions.
Agreements in RAN1 #88:
· 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
· How to indicate SI update if it is supported in paging 
Agreements in RAN2 AH#1 meeting:
· 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)
Agreements in RAN1 AH#3 meeting:
· For paging, RAN1 to down-select from the following options
· 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 this contribution, we discuss on the response beam selection scheme in indication-based paging, such that the number of distinct responded beams can be reduced and so will be the DL overhead of the actual paging message transmission.
2 Discussion
2.1 Indication-Based Paging
In the indication-based paging mechanism, a Paging Indicator (PI) is transmitted during the paging occasion (PO), instead of the actual paging message (containing the paged UE ID), where one PI is mapped to a group of UEs. Such PI can be based on a hash applied to the UE ID, such as an S-TMSI or IMSI, or a group ID assuming the UE has been associated with such a group ahead [R2-1709642], or it may be based on a truncation of the UE ID [R2-1707704, R2-1708537]. PI may also be a specific bit position in a bitmap [R2-1706862]. The exact form of PI has not been determined by 3GPP yet. Since the PI is associated to a group of UEs, some un-paged UEs may also think the PI is intended for them, which is called paging false-alarm. Therefore, when the UE receives its PI during its PO, the UE need to response and provide feedback to assist the gNB to determine the beams for transmitting the actual paging message containing the paging record. 
A basic procedure of the indication-based paging mechanism is shown in Figure 1, where UE1 and UE2 share the same PO and PI. In the first step, the PI can be transmitted with beam sweeping in DCI, or a non-scheduled physical channel. Alternatively, the PI may be transmitted in the paging message which is carried by PDSCH. For latter case, PDSCH has larger payload than the DCI and a non-scheduled physical channel, and thus can carry multiple PIs such as truncation of the UE IDs. In the second step, the UE who received the assigned PI will select a proper SS-block beam direction based on the measurement on the SS-blocks, and response to the gNB using the RACH resource (time/frequency/sequence) associated to the selected SS-block. In the third step, the gNB broadcasts the actual paging message containing the paging record in the responded SS-block beam directions, or alternatively the paging record may be contained in a RAR message. 


 
[bookmark: _Ref477962016]Figure 1: Exemplary indication-based paging procedure.
Since the actual paging messages are only transmitted in the responded beam directions instead of with full beam sweeping, the DL paging overhead can be reduced. However, the overhead reduction gain does not come for free, and there exists a trade-off among the overhead of PI transmission in all SS-block beam directions, the overhead of UE response, and the overhead of actual paging message transmission in responded beam directions. For example, the number of UEs which need to respond to a PI depends on the definition of the PI and the paging group size associated with that PI. A shorter PI can lead to less DL overhead for PI transmission with full beam sweeping, but on the other hand, lead to a larger size of a paging group. As a result, more UEs may respond with more distinct beam directions, which leads to more DL overhead for the actual paging message transmission with the responded beams. Therefore, it can be desirable to minimize the number of the distinct responded SS-block beams without changing the PI configuration. 
1. For indication-based paging, there exists a trade-off among the overhead of PI transmission in all SS-block beam directions, the overhead of UE response, and the overhead of actual paging message transmission in responded beam directions.
1. It is beneficial to minimize the number of the distinct responded SS-block beams without changing the PI configuration.
2.2 UE Response Beam Selection
For a normal random access (RA) procedure during the initial access or handover, the selection methodology for the SS-block beam and corresponding RACH resource for Msg.1 has been discussed in both RAN1 and RAN2 meetings. Several possible options were discussed such as specified by gNB (e.g., select the best SS-block), up to UE implementation, or specified behaviour with some parameters controlled by the network (e.g., UE could select the first coming RACH resource above a configured threshold). Since a normal RA procedure may require low access latency, especially for handover, the best SS-block beam is not necessary the best selection. As a result, it has been agreed during RAN1#90 meeting that it is up to UE implementation how to select the SS-block and corresponding RACH resource for path-loss estimation and (re)transmission based on SS-blocks that satisfy threshold(s). Such threshold(s) for SS-block selection defines the suitable beams for the UE, and it is for further study whether the threshold(s) is configured or fixed in the specification.
1. For a normal RA procedure, it is up to UE implementation how to select among the suitable SS-block beams and corresponding RACH resource.
For indication-based paging, dedicated RACH resources are used for beam reporting via Msg.1 by the UEs, where the RACH resources are associated with the specific SS-blocks and beam directions. Similar as the normal RA procedure, there can be more than one suitable SS-block beams for the UE. The definition and criterion of a suitable beam are left to RAN1 and RAN4 decision, and should be aligned with the normal RA procedure. Since the objective of the SS-block beam and RACH resource selection for indication-based paging is different from the normal RA procedure, a selection methodology is proposed as follows to minimize the number of the distinct responded beams for indication-based paging.
1. For indication-based paging, a proper methodology for response SS-block beam selection should be studied to minimize the number of the distinct responded beams.
a) Prioritized grouping on SS-block beams
Assume a cell is configured with L SS-blocks, where the L SS-blocks can be corresponding to at most L different DL Tx beam directions. For indication-based paging, PI should be transmitted in all L SS-block beam directions. Dedicated RACH resources should be assigned/associated with the L SS-blocks in advance so that UE who received the PI can report the preferred SS-block beam via the selection of the associated dedicated RACH resource.
Divide the L SS-blocks into Ng groups, namely Group 1, Group 2, … Group Ng. Assign a different selection priority to each group, e.g. Group 1 has the highest priority, Group 2 has the second highest priority, …, Group Ng has the lowest priority. The selection priority indicates that if a UE finds multiple suitable SS-block beams based on the measurement on the L SS-blocks, the UE will select a beam with the highest priority among the suitable beams. 
The reasoning behind the prioritized SS-block grouping is that the UEs will prefer to select the SS-block beams and RACH resources associated to the higher priority SS-blocks when multiple suitable beams are available. As a result, SS-block beams in higher priority groups are more likely to be selected by UE for response and the number of distinct responded beams will be reduced. The prioritized SS-block grouping method can be explicitly specified by the standard, or can be configurable by the network and inform to UE via e.g. system information.
For illustration, the L SS-blocks can be divided into two groups, where Group 1 consists of the SS-blocks with even index, and Group 2 consists of the SS-blocks with odd index. Group 1 has higher priority than Group 2. The reason for such grouping method is that there can be some correlations among the suitable beams for a given UE. For example, since the adjacent SS-block beams from one gNB may not be clearly separated, both adjacent beams can be suitable; or the gNB may repeat the same beam direction for several consecutive SS-blocks, and all such SS-block beams can be suitable; or under a multi-TRP deployment where a cell consists of multiple TRPs, the UE can be served by the several neighboring TRPs’ beams.
b) UE response beam selection scheme
Firstly, UE measures the qualities of the SS-blocks, and shortlists the suitable SS-block beams whose qualities satisfy certain constraints (e.g. above some threshold(s)). The definition and criterion of a suitable beam should be the same as for the RA procedure in initial access and handover to guarantee the performance.
Secondly, the UE selects one SS-block belonging to the available group with the highest priority from the shortlist. If more than one SS-blocks have the same highest selection priority, UE selects the SS-block with the smallest index.
Thirdly, the UE uses the RACH resources associated with the selected SS-block to transmit the response message to the gNB as the indication of the preferred DL Tx beam direction for later paging message transmission.
The proposed UE response beam selection scheme is shown in Figure 2.


[bookmark: _Ref493580826]Figure 2: Proposed flow chart of the UE response beam selection scheme.
1. For UE response beam selection in indication-based paging, SS-blocks can be grouped and prioritized in advance, where each SS-block group is assigned with a selection priority. 
1. UE who received the assigned PI will first shortlist the suitable SS-block beams, and then select one beam with the highest selection priority and the associated RACH resources to respond to gNB.
3 Conclusion
The followings have been observed:
1. For indication-based paging, there exists a trade-off among the overhead of PI transmission in all SS-block beam directions, the overhead of UE response, and the overhead of actual paging message transmission in responded beam directions.
1. It is beneficial to minimize the number of the distinct responded SS-block beams without changing the PI configuration.
1. For a normal RA procedure, it is up to UE implementation how to select among the suitable SS-block beams and corresponding RACH resource.
The followings have been proposed:
1. For indication-based paging, a proper methodology for response SS-block beam selection should be studied to minimize the number of the distinct responded beams.
1. For UE response beam selection in indication-based paging, SS-blocks can be grouped and prioritized in advance, where each SS-block group is assigned with a selection priority. 
1. UE who received the assigned PI will first shortlist the suitable SS-block beams, and then select one beam with the highest selection priority and the associated RACH resources to respond to gNB.
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