
3GPP TSG RAN WG1 Meeting 91 


R1-1719705
Reno, USA, November 27th – December 1st, 2017
Agenda Item:
7.1.3
Source:
              TCL Communication
Title:
              NR Paging Overhead Reduction
Document for:
Discussion and decision
1 Introduction

3GPP has made the following agreements on the NR paging design: 

Agreement (RAN1#90) [1]: 

· 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

Agreement (RAN1#AH3 Nagoya) [2]: 

· 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. 

· RAN1 to send LS to RAN2 on whether Paging DCI and Paging Message can be in the same or different POs, including the above options. LS to be drafted in R1-1716912.

Agreement (RAN1#90Bis) [3]: 

· 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.

The LS sent to RAN2 in R1#90B meeting on paging (R1-1719164) mentions the following: “The mechanism in Option 1 is included in Options 2, 3 and 4. Therefore, in RAN1#90bis, it was agreed that the mechanism in option 1 is supported, regardless of which of the four options that will be selected.” And further adds “RAN1 has not precluded Options 2, 3 or 4.”

2 Discussion
If legacy LTE style paging message is used in beam sweeping scenarios, and the paging message is repeated in all the beams sequentially, there is significant paging overhead. That is why RAN1#90 made a note to reduce the paging overhead for beam sweeping scenarios.

To reduce the DL paging overhead, many variations of paging schemes have been proposed, termed as “Response Driven Paging” where the paging indicator is transmitted to UEs normally in a broadcast fashion and then the UEs are supposed to feedback the suitable beams in the UL through RACH procedure, followed by paging transfer on dedicated resources. This scheme certainly reduces the DL paging overhead at the expense of increased latency, increased UL resource usage and increased rate of false paging alerts. Moreover, this scheme also results in UE battery drain due to false paging alerts resulting in un-necessary RACH accesses.
Below we propose a new paging strategy which tries to achieve the paging load reduction with controlled level of paging false alerts. In this strategy, the network can choose flexibly the contents of the paging message adapting to system settings and users’ dynamics. This is achieved by choosing flexibly the contents of the paging message as a combination of group indication and UE ID based indication. The paging message (PM) content can be made understandable for all users by dynamically indicating the format of the paging message by using a Paging Format Indicator (PFI) field in the paging DCI (DCI scrambled with P-RNTI). The paging DCI indicates the resources of the paging message. In LTE, the paging message carries UE IDs in the form of IMSI or S-TMSI to indicate the UEs being paged. Here it is proposed to indicate not only particular UEs like in LTE but also groups of UEs in order to limit the resource overhead of the paging message. The PFI can be a single bit flag indicating whether group indication is present in the paging message or not. 

Another option is that the PFI is a field of appropriate size which indicates different combinations of group indication and UE ID indication in the paging message. 

The PFI can be placed either in the paging DCI or in the paging message itself in a fixed location.

The users can be associated to paging groups through some deterministic computation utilizing some or all of the following parameters: UE ID, cell ID and system information.

The paging message can carry group indication for some UEs to be paged, and at the same time may carry UE IDs for some other UEs to be paged in the same paging occasion. Instead of flexibly mixing paging group indication and UE IDs, one strategy could be to put the paging group indication in the form of a bitmap at a specific location (say in the beginning or at the end of the paging message) and the rest of the paging message may carry UE IDs. As users know the size of the message through paging DCI, this would allow flexible message content without the use of explicit indication of the message content to users as to where the paging group indication is located and where and how many UE IDs are present in the message.

Proposal 1: The gNB can choose flexibly the content of the paging message as a combination of the paging group indication (in the form of a bitmap for example) and the UE IDs (IMSI or S-TMSI) for a subset of the UEs to be paged.

When to page the users in groups?
If the number of paging groups is sufficiently large, there would be very few users in each group. Upon receiving the paging group indication, the users in that group assume that they are being paged and start the RACH procedure. Of course, paging is not normally destined to all of the users in the group and thus there would be some users in paged groups who would be starting the RACH procedure in vain. There are many methods which have been exposed in the literature to tackle the false alarmed users, e.g. during/after the establishment of RRC connection, gNB can inform them. The main benefit of this approach arises with sufficiently large number of groups when each group will contain few users for a specific paging occasion. Thus, for the groups with majority of the users being paged, it would be advantageous to page the complete group from the paging load perspective. The groups with one or very few users to be paged can be paged individually using their UE IDs to avoid false paging alerts for other UEs in their groups.  In this way, this approach would allow the network to balance paging overhead and the number of falsely paged UEs at the same time. 

The number of paging groups can have a default value to be used in the system. If the network can adapt this number as a function of cell size, number of beams, user density and other network dynamics, this could bring additional advantage for paging overhead optimization. Dynamic changes to the number of groups are quite complicated as that would also require update of user associations to these groups on a dynamic basis. Thus, if the number of groups can be updated, that should be done in a semi-static fashion. The number of paging groups could be part of system information, along with other paging relevant system parameters.

Numerical Example Update:

System Settings:

10000 UEs in the tracking area 

16 UEs to be paged in the paging occasion (PO)

Beam sweeping with 64 beams

We suppose that all the UEs have the same DRx Cycle of T = 128 and nB = T is specified by the network.

Then each UE will be listening to paging in one of the PF in each DRx cycle. This gives the number of users configured for each PO to be 78,125.
Legacy Approach:

Paging message: 16*40 = 640 bits

Paging message load in all beams = 64*640 = 40.96 K bits

Response Driven Paging:

Number of Groups: 25, 

Suppose among the 16 UEs to be paged, they lie in 10 groups which are paged as the first step. Assuming that all groups have equal number of UEs, all the UEs in these 10 groups minus 16 real paged UEs will receive false paging alerts. In this case, it would be 15.25 UEs per PO. Considering that there are ~78 UE configured for one PO, among the UEs configured for each PO, 20% will receive a false paging alert. 
False alert rate is one aspect here, these UEs will waster their energy in RACH and then further for RRC connection establishment. 
Proposed Approach using 25 Groups per PO:

Number of Groups: 25, 

As with more groups, the number of users in each group will drop, we suppose among the 16 UEs to be paged in this PO, 1 group has 3 paged UEs, 4 groups carry 2 paged UEs and 5 groups carry 1 paged UE. Thus there are overall 10 groups having UEs to be paged.

In this flexible approach, the network will transmit a paging group bitmap (25) bits plus some UEs paged as done in legacy LTE paging through indicating their UE IDs. Then gNB will put 5 UEs IDs directly in the paging message who are the only UEs to be paged in their groups. For the other groups, the gNB will indicate their groups in the bitmap placed in the paging message.

Paging message size per beam: 25 (bits for group bitmap) + (1*5) * 40 = 225 bits

Paging overhead: 225*64 beams = 14,4 K bits

Falsely paged UEs who would send PRACH assuming all groups in the PO have equal number of users and all the users are assumed to be present in the cell, although they could lie in other cells: = 4.6 

This provides a paging false alert rate of 4.6/78.125 = 5.8%

Thus, compared to the legacy approach, the overhead drops from 40.96 Kbits to 14.4 Kbits and the falsely paged UEs drop to mere 5.8% UEs per PO compared to 20% for response driven approach. The best thing here is that the false alert can further be reduced at the expense of some paging overhead.
The judicious choice of the number of groups here is quite important. This can be selected as a function of cell size and the system parameters such as bandwidth and number of beam sweeps. 

Controlling the Paging False Alerts:

In the proposed approach, the gNB can choose flexibly to page some UEs through paging group indication and other UEs by legacy approach using their IMSI or S-TMSIs. The paged groups result in some false paging alerts for the UEs who happen to be present in the paged groups but are not the real recipients of the paging message. To circumvent this problem, an enhancement is proposed in the following:

The network combines paging group indication and the paging UE IDs in the paging message as stated above. Now among the paged groups, the network knows which UEs are paged and which UEs are not paged and hence will get false paging alert. To avoid false paging alerts, the network may put the UE IDs of non-paged UEs from paging groups in the paging message. Thus, when the users listening to a specific paging occasion and paging message, see that their paging group is paged and their UE ID is also present, get the indication that they are not paged effectively. The user processing flow chart to determine the paging indication is shown in the following figure.
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Figure 1: Paging Determination at the user and False Paging Alert Avoidance
Proposal 2: With the flexible paging content making use of group based and UE based paging indication, the gNB can further reduce/control the paging false alerts by putting the UE IDs directly in the paging message for the users whose groups have received paging indication due to other users being paged.

3 Conclusions
In this contribution, a new technique for NR paging has been proposed which allows the network to achieve the trade-off of paging load and false paging alerts. Based on above discussions, we have the following proposals: 
Proposal 1: The gNB can choose flexibly the content of the paging message as a combination of the paging group indication (in the form of a bitmap for example) and the UE IDs (IMSI or S-TMSI) for a subset of the UEs to be paged.

Proposal 2: With the flexible paging content making use of group based and UE based paging indication, the gNB can further reduce/control the paging false alerts by putting the UE IDs directly in the paging message for the users whose groups have received paging indication due to other users being paged.
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