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Introduction
It was in RAN1#103-e that PEI is supported for paging enhancement and it provides substantial power saving gain for IDLE/Inactive mode UEs. In addition, introducing additional TRS/CSI-RS for IDLE/Inactive mode UE is discussed to reduce the UE power consumption by allowing UE to wake up later in reducing several SSBs reception before PDCCH/PDSCH detection and decoding at paging occasion. 
In this contribution, we analyze the system overhead of sequence-based/DCI-based PEI and TRS/CSI-RS when PEI and TRS/CSI-RS are configured for IDLE/Inactive mode UEs for the UE power saving purpose.

Discussion 
The analysis in [1], [2] showed that PEI and TRS/CSI-RS are beneficial in achieving UE power saving for IDLE/Inactive mode UE. When supporting these two signals in IDLE/Inactive mode, the additional resource overheads of PEI and TRS/CSI-RS need to be qualitatively and quantitatively analyzed to justify the power saving gain.
Paging occasion configuration
For paging, the PF and PO are determined by the following formula using the DRX parameters provided in System Information (detail description in 38.304):
	The PF and PO for paging are determined by the following formulae:
SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns
The following parameters are used for the calculation of PF and i_s above:
T: DRX cycle of the UE (T is determined by the shortest of the UE specific DRX value(s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information. In RRC_IDLE state, if UE specific DRX is not configured by upper layers, the default value is applied).
N: number of total paging frames in T
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination
UE_ID: 5G-S-TMSI mod 1024



The parameter N and Ns is used to derive the PO’s location and N*Ns reflect the number of POs in a DRX cycle. Assuming the DRX cycle (T) is 128 radio frames, if the parameter N is T and the parameter Ns is 4, the number of POs in a DRX cycle is 512. If the parameter N is T/2 and the parameter Ns is 1, then the number of POs in a DRX cycle is 64, as shown in Figure 1. The density of PO configured within a DRX cycle is derived from the parameter of N and Ns.
[image: ]
Figure 1: Relationship between N, Ns and the number of POs within a DRX cycle

Observation 1: The density of POs configured within a DRX cycle is derived from the paging parameters of N and Ns.

System overhead of PEI and TRS/CSI-RS
For UE in RRC IDLE/Inactive mode, gNB does not have exact knowledge of UE location. The beam sweeping of paging PDCCH/PDSCH in the camping cell and cells in the registration are needed by transmitting PDCCH at different beam at different monitoring occasions in the PO. The Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth SSB index. Therefore, multi-beams PEI/TRS transmission should also be supported to improve the PEI detection performance/channel tracking performance for IDLE /Inactive mode UEs. Maximum number of beams for PEI should be associated with the number of MOs in the PO. However, with the support of multi-beam PEI/TRS transmission, system overhead has multiplied by the factor of the number of beams for each cell.
Proposal 1: For IDLE/Inactive mode, PEI with different TCI states should be supported. Maximum number of PEI with different TCI states should be associated with the number of MOs in the PO.
Observation 2: If multiple beams of PEI or TRS/CSI-RS are supported, the system resource overhead of PEI/TRS will be increased in proportion.
For PEI or TRS/CSI-RS configuration, a possible solution is that the PEI and/or TRS/CSI-RS occasion is associated with paging occasion. The parameters of PEI or TRS/CSI-RS configurations information are broadcasted in SIB-X, which is the special SIB for UE power saving in the paging enhancement. If the PEI or TRS/CSI-RS is associated with paging occasion, the ratio of the number of PEI and/or TRS/CSI-RS to that of paging occasions should be discussed. There are two possible options on the ratio of the number of PEI to paging occasions from network perspective, as shown in the Figure 2. In Figure 2, PEI and TRS/CSI-RS are shown as the additional signals sent before paging occasion in achieving UE power saving.
· Option 1  PEI: PO = 1: 1
· Option 2  PEI: PO = 1: n


Figure 2: Ratio of the number of PEI to paging occasions
With PEI:PO=1:1, when the density of paging occasions within a DRX cycle increases, the system resource overhead and the resource collision issues increases as follows.
System resource overhead
When the paging parameters N and Ns are configured to large values, high number of paging occasions within a DRX cycle needs to be configured. If PEI is transmitted only in the presence of paging information, with normal paging rate (e.g., 10%), PEI system resource overhead is acceptable. If PEI (e.g., DCI-based PEI) was always transmitted before the PO (e.g., for TRS availability indication), or in very high paging rate case (e.g., ETWS information), multi-beam PEI transmission will cause significant increase of system overhead. If PEI is not transmitted when no paging information for the UE, IDLE/Inactive UE does not decode PEI successfully and will assume no paging message at a given PO. Therefore, PEI does not need to be transmitted when there is no presence of paging information case for a given UE.
Proposal 2: When there is no presence of paging information, PEI does not need to be transmitted for system resource overhead reduction.
Different from PEI, periodic TRS/CSI-RS occasion can be shared by both CONNECTED mode and IDLE/Inactive mode UEs and the TRS/CSI-RS might always be transmitted regardless of paging message present. On the other hand, similar to requirements of reception of three SSBs, several TRS/CSI-RS resources/ resource sets might be needed along with at least one SSB resource to perform AGC, time/frequency channel tracking, and channel estimation, because UE is out-of-sync and frequency drift with free running mode oscillator after a long deep sleep. As shown in Figure 3, SSB is used for AGC and coarse time synchronization. The 1st TRS/CSI-RS is used for fine synchronization and clock drift estimation to fine tune the sampling time. The 2nd TRS/CSI-RS resource is used for channel frequency/time tracking and channel estimation in preparation for the subsequent coherent PDCCH/PDSCH decoding at the PO. Therefore one set of TRS/CSI-RS resource along with one SSB is corresponding to multiple paging occasion which is beneficial for system overhead reduction with large POs and MOs number.


Figure 3: Multiple TRS resources/resource sets for paging reception
 
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]Observation 3: One set of TRS/CSI-RS resource along with one SSB is corresponding to multiple paging occasion which is beneficial for system overhead reduction with large POs and MOs number.
Resource Collision
It is difficult to completely avoid the collision of multiple signal/channel resources when the large number of paging occasions are configured within a DRX cycle with one PEI and/or one set of TRS/CSI-RS resource corresponding to one paging occasion for each TCI state. Assume the paging parameter N is T and Ns is 4, every radio frame is paging frame and there are 4 paging occasions within a paging frame, as shown in Figure 4. The gap between the starting of PEI and the starting of the corresponding PO is assumed to be 4ms, and number of TCI states for PEI and PO is 4. 


Figure 4: An illustration of PEI and PO collisions
From Figure 4, it can be observed that several PEIs and paging occasions collide with each other. Once the PEIs and paging occasions are collided, gNB will transmit paging PDCCH to ensure the legacy UEs receive paging PDCCH/PDSCH. So the Rel-17 UEs need to follow legacy behaviour to decode paging PDCCH directly.
[bookmark: _Hlk61783075][bookmark: _GoBack]Observation 4: If one PEI/TRS/CSI-RS is corresponding to one paging occasion and large number of paging occasions is configured in a DRX cycle, the resource collision probability of PEI/TRS/CSI-RS is high. The probability of collision will increase if multiple beams of PEI and/or TRS/CSI-RS are supported.
Considering the system resource overhead and resource collision issues when large number of the paging occasions is configured in a DRX cycle, option 2 with one PEI indicating multiple paging occasions is a suitable solution to reduce the additional resource overhead of PEI or TRS/CSI-RS. Option 2 also reduces the collision probability of PEI and/or TRS/CSI-RS and paging occasions. When the number of paging occasions is not excessive in a DRX cycle, the gaps between paging occasions is large. Option 2 with one PEI indicating multiple paging occasions still work properly. If one PEI indicating large number of paging occasion, UE in different paging occasions would have large power consumption to decode corresponding PDCCH/PDSCH when the paging message intends for other member in the group. For PEI indicating large number of POs, UE will have higher probability in missing the paging message when arrives within the group of POs. Thus, the exact number of paging occasions to be indicated by one PEI needs to be further studied.
[bookmark: _Hlk61783048][bookmark: OLE_LINK5][bookmark: OLE_LINK6]Proposal 3: One PEI and/or TRS/CSI-RS resources should be configured to associate with more than one paging occasions in a DRX cycle to minimize the system resource overhead. The exact number of POs indicated by one PEI is FFS.

Conclusion 
In this contribution, we have the following observations and proposals: 
Observation 1: The density of POs configured within a DRX cycle is derived from the paging parameters of N and Ns.
Proposal 1: For IDLE/Inactive mode, PEI with different TCI states should be supported. Maximum number of PEI with different TCI states should be associated with the number of MOs in the PO.
Observation 2: If multiple beams of PEI or TRS/CSI-RS are supported, the system resource overhead of PEI/TRS will be increased in proportion.
Proposal 2: When there is no presence of paging information, PEI does not need to be transmitted for system resource overhead reduction.
Observation 3: One set of TRS/CSI-RS resource along with one SSB is corresponding to multiple paging occasion which is beneficial for system overhead reduction with large POs and MOs number.
Observation 4: If one PEI/TRS/CSI-RS is corresponding to one paging occasion and large number of paging occasions is configured in a DRX cycle, the resource collision probability of PEI/TRS/CSI-RS is high. The probability of collision will increase if multiple beams of PEI and/or TRS/CSI-RS are supported.
Proposal 3: One PEI and/or TRS/CSI-RS resources should be configured to associate with more than one paging occasions in a DRX cycle to minimize the system resource overhead. The exact number of POs indicated by one PEI is FFS.
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