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1 Introduction

From RAN2 NR Adhoc meeting at Spokane, it was agreed that
Agreements

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)
In this contribution, we discuss the design of paging message in NR considering the signalling overhead increased due to beam sweeping.
2 Discussion
The signalling overhead increase due to paging message delivery in sweeping-beam manner has been observed already by companies, e.g., in [1]

 REF _Ref485031733 \r \h 
[2]

 REF _Ref485031735 \r \h 
[3]. In more details, considering the agreement from RAN1#89 as follows:
Agreements:

–
The transmission of SS blocks within SS burst set is confined to a 5 ms window regardless of SS burst set periodicity

–
Within this 5 ms window, number of possible candidate SS block locations is L

–
The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are

–
For frequency range up to 3 GHz, L is 4

–
For frequency range from 3 GHz to 6 GHz, L is 8

–
For frequency range from 6 GHz to 52.6 GHz, L is 64
–
Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements
So that it is mainly the (maximum) repetitive number, i.e., the value of L above, that increase the signalling overhead. Reusing the same formula given in [3], considering 
· Bandwidth increase from 20MHz in LTE to 100MHz in NR

· Cell edge spectral efficiency from 0.1 bps/Hz in LTE to 0.225 bps/Hz in LTE

In order to achieve similar downlink paging overhead like in LTE system, the affordable length of UE ID used for paging record can be calculated as:

Length of UE ID in NR paging = length of UE ID in LTE paging * (Bandwidth Increase ratio (i.e., 5=100/20) * spectral efficiency increase ratio (i.e., 0.225/0.1=2.25)) / L (i.e., 4,8,64)
In this way, assuming S-TMSI (40 bit) is used as UE ID for paging in LTE, we can get the following results:
· For L=4: Length of UE ID in NR paging = 112 (>40)

· For L=8: Length of UE ID in NR paging = 56 (>40)

· For L=64: Length of UE ID in NR paging = 7 (<40)
Therefore, it is only the L=64 case requires optimization. Even for that case, considering that L is the maximum number of sweeping beams for a specific frequency range, i.e., the system can decide to use less than 64 beams for frequency above 6GHz. If the number of beams is less than 8, the resulted length of UE ID in NR is still acceptable.
Observation 1 Full version of UE ID (e.g., 40 bit S-TMSI) can already achieve similar / better paging overhead like in LTE system, when the number of sweeping beams is small (e.g., less than 8).
Observation 2 Paging overhead optimization is motivated for frequency range from 6 GHz to 52.6 GHz.

Considering the two observations above, it is more a network implementation on how many beams to use, and also it is more a network implementation on whether paging overhead optimization solution is needed. In more details, 

· When the number of beams is small (e.g., less than 8), the LTE-like option can be used: This is the legacy solution, i.e., the full version of S-TMSI or IMSI are included in paging record. UEs that have identified any entry as its own ID of S-TMSI or IMSI would be seen as paged. And due to the length of S-TMSI and IMSI, there would be no false paging. 

· When the number of beams is large (e.g., more than 8), the truncate UE ID option can be used [2]

 REF _Ref485031735 \r \h 
[3]: This option is to transfer the downlink signalling load to uplink, i.e., to use a shorter / truncate UE ID to page a set of UEs (i.e., instead of paging a single UE using a longer UE ID), and then resolve the contention of uplink access of multiple UEs, i.e., to solve the false paging due to the shorter UE ID.

Therefore, it should be the network to decide / configure which option to use.

Proposal 1 It is up to network configuration to decide whether a truncate UE ID is used for paging in NR.

From the UE perspective, it is beneficial if no power consumption increase is caused by network configuration on the use of truncate UE ID or not, so it would be preferred that the paging monitoring operation is kept as it is, i.e., the UE can anyway use the non-truncate UE ID to calculate PF/PO, and no additional monitoring is needed if the truncate UE ID is to be used by the network for NR paging.

Proposal 2 Paging monitoring operation is not changed due to the usage of truncate UE ID.
According to the current LTE PF/PO calculation formula:

SFN mod T= (T div N)*(UE_ID mod N)
i_s = floor(UE_ID/N) mod Ns

Obviously, it is the least significant bits of IMSI that decide on the PF/PO, so that in order to 
1) Keep the UE monitoring operation as it is, and

2) reduce false alert as much as possible, i.e., to differentiate the UEs monitoring the same PO/PF; 
To derive the truncate UE ID, it is preferred to use the bits other than those used for LTE PF/PO calculation formula. In more details,

· For IMSI (=MCC + MNC + MSIN) : it is preferred to use bits in MSIN other than the 10 bits used for PF/PO (if the legacy LTE PF/PO calculation formula would be reused for NR) ;

· For S-TMSI (=MMEC + M-TMSI) and resume ID : since neither are used for PF/PO derivation, every bits can be used to derive truncate UE ID. Furthermore, in order to avoid common bits due to MMEC of S-TMSI, the bits in M-TMSI provides more diversity between UEs.
Proposal 3 Derive truncate UE ID from bits other than bits used for PF / PO calculation.
In that case, assuming paging cycle is configured as 256 radio frames and nB=T, and legacy LTE PF / PO calculation formula is used.

· The 256 radio frame helps to differentiate UEs with the same truncate UE ID by time domain, i.e., resolving 8 bit uncertainty ;
· The truncate UE ID itself helps to reduce uncertainty, e.g., it could be 7 bits as it is calculated above.

The two aspects above can already resolve 15 bits altogether, which means 1 / 32768 on average. Assuming the UE density is 1024 UEs per cell, this results into only one UL access attempt every 32 cells on average, and the number of attempt in the paged TA can be derived as well based on the network implementation in terms of the number of cells per TA.
Observation 3 Truncate UE ID can alleviate the false paging to an acceptable level.
3 Conclusion
Based on the discussion in section 2 we have following observations:
Observation 1
Full version of UE ID (e.g., 40 bit S-TMSI) can already achieve similar / better paging overhead like in LTE system, when the number of sweeping beams is small (e.g., less than 8).
Observation 2
Paging overhead optimization is motivated for frequency range from 6 GHz to 52.6 GHz.
Observation 3
Truncate UE ID can alleviate the false paging to an acceptable level.


Based on the observations, we propose:
Proposal 1
It is up to network configuration to decide whether a truncate UE ID is used for paging in NR.
Proposal 2
Paging monitoring operation is not changed due to the usage of truncate UE ID.
Proposal 3
Derive truncate UE ID from bits other than bits used for PF / PO calculation.
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