
Page 1

[bookmark: _Hlk495298459]3GPP TSG-RAN WG1 #107-e	R1-2112228
e-Meeting, November 11th – 19th, 2021

Agenda item:	8.7.1.3
Source: 	Qualcomm Incorporated
Title: 	Aligning Paging Occasions to SSB for UE idle and inactive mode power saving 
Document for:	Discussion/Decision
Introduction
The idle and inactive mode UE needs to receive SSBs periodically for tracking loop maintenance and beam management if multiple beams are configured in the cell. In the meanwhile, the UE measures SSBs for RRM mobility and cell reselection. When the UE camps on the cell, it needs to detect for paging PDCCH for every DRX cycle in RRC idle and inactive mode in the Type 2 common search space set for PDCCH with CRC scrambled with P-RNTI in configured paging occasions (PO).  
The UE may have to wake up from DRX more than once in each DRX cycle to receive the SSB and to process the PO because in general serving cell SSB is not aligned in time with PO. Between the wake-up instances, the UE cannot go to deep sleep and hence more power is consumed compared to the case that PO for the UE is aligned with or in close proximity to the associated SSB. For typical channel condition, single SSBS reception per DRX cycle in idle and inactive mode should be sufficient to maintain performance of tracking loops and paging reception. Then, alignment between that SSBS and PO would lead to good UE power saving. Even for the case multiple SSBSs need to be received within a DRX cycle, aligning one of the SSBSs with PO can at least reduce one wake-up and help save power. 
[bookmark: o1]Observation 1: SSB and PO alignment can lead to UE power saving.
In this paper, we discuss network enhancements to align paging occasions with SSB to achieve UE power saving without relying on a new physical channel (e.g., Paging early indication – PEI as currently discussed in Rel-17).
Alignment between PO and SSB
SSB periodicity can be configured to 5ms, 10ms, 20ms, 40ms, 80, 160ms via ssb-PeriodicityServingCell in ServingCellConfigCommonSIB, or through dedicated signaling. There are candidates for the starting symbol of SSB within a half-frame. Multiple SSBs are transmitted for multiple gNB beams to form the SSB set (SSBS). For < 3GHz, up to 4 SSBs are supported, for < 6GHz & > 3GHz, there are up to 8 SSBs and for > 6GHz, there are up to 64 SSBs. A single slot can accommodate up to 2 SSBs. The SSBS always fits within a half frame with 5 msec duration. It is up to UE to find out which half-frame contains SSB. A SSB is identified by a combination of SFN, half radio frame, and SSB block index which uniquely identifies the SSB within a 10.24 sec time window. For typical 20msec SSB periodicity, it is up to NW to choose which frame (even or odd) to transmit SSB. Additionally, it is up to NW to choose which half-frame to transmit SSB, and the starting subframes within the half frame. 
UE paging frame and paging occasions are defined in TS 38.304 [2]. One Paging Frame (PF) is one Radio Frame and may contain one or multiple PO(s) or starting point of a PO. The UE monitors one paging occasion (PO) per DRX cycle. A PO is a set of PDCCH monitoring occasions where paging DCI can be sent. The PF is the SFN determined by (SFN + PF_offset) mod T = (T div N)*(UE_ID mod N) where T = DRX cycle in frames and N = total number of paging frames during each DRX cycle. Index (i_s), indicating the index of the PO is determined by i_s = floor (UE_ID/N) mod Ns where UE_ID = 5G-S-TMSI mod 1024 and Ns = number of paging occasions for a PF. 
Suppose SSB periodicity is 20msec, and SSB is transmitted in even frames. If UE_IDs are randomly assigned to UEs, and T = the max number of paging groups N, there should be equal chance of even PF vs odd PF across all users. Then POs for half of the UEs cannot be allocated within the same radio frame of the SSB.
In the following, we discuss the frame-level alignment based on the example case Ns = with a one-to-one relationship between PO and PF. The figure below shows radio frames (green boxes) where SSB is transmitted assuming periodicity = 20msec and SSBs are transmitted in even frames. With DRX cycle = 32 frames (320msec) and PF_offset=0, the green circled yellow box represents the PO for UE_ID=0 and the blue circled yellow box represents the PO for UE_ID=2. 


Figure 1: Frames where SSB is transmitted and POs for DRX cycle = 32 frames with different N

The N PFs are evenly distributed within DRX cycle. Which one is assigned to a UE as the PO is based on UE_ID (modulo N). In this example with PF_offset=0, SSB and PO are always frame-aligned for the two example UEs.
With randomly assigned UE IDs, it is possible to align SSB and PO for a subset of users, but not for all users unless some restriction is imposed. Using the example above, when N=32 and SSBs are transmitted in even radio frames, only half of the UEs with even UE IDs have their PFs aligned with the SSB frames (e.g., even UE ID) and the other half of UEs with odd UE IDs do not. However, with the configuration of N=16, PFs of all UEs can be aligned with SSB frames.
[bookmark: p1]Proposal 1: Configure nAndPagingFrameOffset according to the SSB periodicity for frame-level alignment between PO and SSB for all UEs
· For example, use “halfT” for 20ms SSB periodicity.

Power optimization may not be critical for some UEs and SSB-PO alignment can be compromised. While there can be higher requirement for power saving for some UEs such as RedCap UEs. Besides, Proposal 1 eliminated half of the PFs for paging. In order to still provide full PF capacity, we can consider the following alternative proposal which assume PF unalignment with SSB is acceptable to certain UEs.


Figure 2: Frame-level alignment between SSB and POs for even and odd UE IDs

In the previous example, some POs can be misaligned with SSB because S_TMSI is odd, leading to odd UE_ID. The alternative solution reserves a subset of S-TMSI that can lead to alignment with SSB, for devices that have more stringent battery life requirement (e.g., smartwatches), e.g., by assigning only even S_TMSI to smartwatches. The remaining subset of S-TMSI is assigned for UEs that do not need idle mode power saving, e.g., by assigning odd S_TMSI to UE which are smartphones. S_TMSI assignment is done by AMF and can be changed at any point by the Core Network via GUTI reallocation or in registration procedure.
To enable the S-TMSI reservation, AMF may have a prioritization algorithm or assignment based on UE type for S-TMSI assignment. In particular, split the entire set of S-TMSI into a subset that would lead to alignment between PO/PF to the SSB, and another subset that would not. Use of the first subset is prioritized. Under typical NW condition, there should be enough number of S-TMSI in the first subset and the second subset may not be used. 
[bookmark: p2]Proposal 2: Adopt S-TMSI reservation for UE power saving.

To construct the S-TMSI subsets, for SSB-alignment-aware PO/PF assignment, AMF needs to know at least some of the following information from the RAN including SSB periodicity, SSB starting offset at least to the frame level, PF_offset and N. If SSB configuration is different across cells, the subset construction would become cell specific. Then when mobility is involved, e.g., when a UE camps on a new cell which has a different SSB starting offset and/or periodicity, UE may need to request a new S-TMSI from AMF. To avoid this overhead, SSB configuration can be harmonized across gNBs sharing the same AMF, so that the S-TMSI set splitting can be common across cells. 
The aforementioned discussion is for frame-level alignment between PF and SSB frame. NW can configure the starting symbol of the search space for page monitoring within 10msec (e.g., for 15kHz SCS, 140 symbol positions). Assuming PF and SSB frame are time aligned, it is possible to further align SSB and PDCCH monitoring search space for paging. firstPDCCH-MonitoringOccasionOfPO provides within-frame level control of the timing of the PDCCH monitoring search space for paging. 
[bookmark: p3]Proposal 3: Starting symbol of the paging search space within a frame can be configured to be close to or adjacent to an SSB. More specifically, the starting symbol of the paging search space is the first symbol of the slot which contains SSB.
Conclusions
In this paper, we discussed UE PO alignment with SSB and made the following proposals:
Observation 1: SSB and PO alignment can lead to UE power saving.

Proposal 1: Configure nAndPagingFrameOffset according to the SSB periodicity for frame-level alignment between PO and SSB for all UEs
· For example, use “halfT” for 20ms SSB periodicity.
Proposal 2: Adopt S-TMSI reservation for UE power saving.
Proposal 3: Starting symbol of the paging search space within a frame can be configured to be close to or adjacent to an SSB. More specifically, the starting symbol of the paging search space is the first symbol of the slot which contains SSB.
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