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[bookmark: _Ref165266342]1 Introduction
In RAN1#101e meeting, the following agreements for paging enhancement are achieved:
For potential paging enhancements, RAN1 to study the following candidate schemes:
· Paging early indication before a target PO to indicate UE whether to monitor PDCCH scrambled with P-RNTI at the PO. Potential candidate indication methods include 
· DCI-based indication, e.g., based on 
· Extending existing DCI format 1_0 or 2_6 
· New DCI format
· RS-based or sequence-based indication, e.g., based on TRS/CSI-RS or SSS
· Sub-grouping for paging, based on 
· Legacy paging DCI
· Paging early indication
· Additional reception occasions in time/frequency domain
· Multiple P-RNTIs
· Cross-slot scheduling for paging PDSCH
· Other proposal is not precluded











We also discussed the above schemes but there was no consensus. So in this contribution, we continue to analyze the feasibility of the above candidate schemes.
2 Discussion
2.1 Background
The current NR paging enhancement still has room for improvement. For instance, UE monitors paging PDCCH occasion (PO) based on DRX mechanism, even if there is no paging message sent, which results in a waste of monitoring power consumption. Besides multiple UEs monitoring the same PO will result in unnecessary paging (i.e. false alarm). In Rel-17, these problems are proposed and need to be improved. Thus, this contribution aims at the above problems and analyses the feasibility of potential technologies.
2.2 Discussion on PEI/WUS applying to paging
Paging early indication (PEI)/wake up signal (WUS) is considered to indicate whether a paging message is sent by network before a PO. If no paging message is sent, then UE does not need to monitor the incoming PO, otherwise it needs to monitor the PO. As clarified in Fig.1, for receiving a paging message, UE needs to monitor the SSB before the PO for synchronization to correctly decode paging PDCCH and PDSCH.


Fig. 1 The process of paging reception
When the signal quality is high, one SSB is enough to correctly decode PDSCH, but for the poor signal quality, multiple SSBs may be required. And the total power consumption of a paging process is not only comes from PO, but also includes the monitoring power consumption of SSBs, the transition energy, and the light sleep during this process. From this point of view, PEI/WUS can help the UE to skip all of paging process if there is no paging message as compared to other schemes(e.g., cross-slot schedule). So the introduction of PEI/WUS is feasible and should be further studied.
Proposal 1: The introduction of PEI/WUS is feasible and should be further studied if the power consumption of SSB-based synchronization, PO monitoring, transition energy and light sleep can be skipped by PEI/WUS.
If PEI/WUS is introduced into IDLE/INACTIVE mode, at least the general paging procedure with WUS in MTC/NB-IoT can be reused in NR paging. And based on the above consideration, it seems that UEs in poor signal quality can benefit the most. In this way, the UE-specific configuration is considered more reasonable than cell-specific configuration on PEI/WUS. However all these details about the PEI/WUS  configuration(e.g., offset) should be further discussed upon we agreed on it.
2.3 Discussion on paging false alarm
In the current PF/PO calculation formula, UE_ID is obtained based on 5G-S-TMSI mode 1024, which means each UE_ID contains multiple UEs, resulting in multiple UEs monitoring paging message in the same PO. If network needs to send a paging message to a UE, all UEs in the PO corresponding to that UE will decode the paging PDCCH, then schedule the corresponding PDSCH to receive the paging message. A paging record is included in the paging message to store the identity of UE, and only the real paged UE can match the identity then initiate access to network. Other UEs ignore this paging message and go to sleep, which results in an unnecessary paging (i.e. false alarm) and waste of power.
Assuming that the paging probability of one PO is 10% (the RAN1 simulation agreement in last meeting), and all UEs in one PO are uniformly divided into N groups, so each group has the same paging probability Y. The formula is 1-(1-Y)^N=X, and the results are shown in the Fig. 2 below. It can be concluded that the more groups divided, the lower paging probability per group is, especially before being split into about 6 groups the probability drop significantly. Therefore, UE grouping is of great significance to paging enhancement. And the potential enhancement of UE grouping will be discussed below.
[image: ]
Fig. 2 The relationship between grouping and paging probability
1. Paging DCI-based UE grouping
Paging DCI-based is a simple and straightforward way to grouping. This scheme divides all UEs within the same PO into several groups and store the grouping indication in the paging DCI. After UE receives the paging DCI, it first checks whether there is a positive grouping indication in paging DCI. If there is, then it will continue to decode PDSCH for reception of paging message, otherwise it does not need to.
There are 6-8 bits reserved in the DCI format 1_0 with P-RNTI and there are also 5 bits reserved in the paging short message. As the above analysis, when PO is grouped within 6 groups, the probability of paging can be significantly reduced. To indicate 6 groups, the codebook method of 3 bits and the bitmap method of 6 bits are required, and it is feasible to implement.
It worth noting that although this scheme is simple, UE still needs to receive paging DCI anyway, so the reduced power consumption just only comes from PDSCH decoding. Therefore the power saving gain is limited.
Observation 1: Paging DCI-based UE grouping is a simple and straightforward way but the power saving gain it brought is limited. 
2. PEI/WUS-based UE grouping
Table 1 describes the probability of unnecessary paging in one PO when UEs with different paging probability is assigned to that PO. It can be seen from the table that trying to assign UEs with close paging probability to the same group as far as possible can effectively reduce the probability of unnecessary paging and bring more gains than the uniform grouping scheme based on UE_ID. That is why MTC/NB-IoT has introduced paging probability based UE grouping, as the probability of different  devices varies greatly. Therefore if NR devices have quite different paging probabilities, we think UE_ID combining paging probability based grouping is useful.
Table 1 The probability of unnecessary paging for UE with different paging probability
	P per UE
	UE1:90% UE2:10%
	UE1:80% UE2:20%
	UE1:70% UE2:30%
	UE1:60% UE2:40%
	UE1:50% UE2:50%

	Unnecessary P
	82%
	68%
	58%
	52%
	50%


Observation 2: The introduction of paging probability-based UE grouping can further reduce unnecessary paging if the paging probability of different UE varies greatly.
If PEI/WUS is introduced, it seems to be a good idea to continue improving it to achieve UE grouping. And note that MTC/NB-IoT paging has already achieved the WUS grouping based on UE_ID and paging probability sent by core network. So the similar scheme could be introduced into NR. 
For instance, a new grouping formula can be obtained by making some simple modifications to MTC/NB-IoT WUS grouping scheme:
SFN mod T = (T div N)*(UE_ID mod N)
i_s = floor(UE_ID/N) mod Ns
wg = floor(UE_ID /（N*Ns）) mod Nw
The first two formulas are still calculated according to TS 38.304 for obtaining PO, and the last formula is the UE grouping formula. This grouping scheme can effectively prevent UEs within the same PO from always being assigned to the same WUS group. Where wg is the serial number of UE corresponding group, N is the number of paging frame (PF) in a DRX cycle, Ns is the number of PO in a PF, Nw is the number of group under each probability category which is pre-configured by network (e.g. the network divides WUS resources into 3 categories according to the probability, so there are 3 value of Nw ). Then UE finds out its own probability category according to the paging probability sent by core network, so as to obtain the value of Nw under this probability category. Eventually the UE grouping information can be obtained by mapping the calculated wg to the corresponding probability category.
The PEI/WUS grouping scheme based on paging probability and UE_ID not only can skip the whole paging process but also reduce false alarm, even better than paging DCI-based grouping scheme as the latter always needs to monitor PDCCH. Besides, the problem of CN and RAN paging which have different paging probability in the same PO can be solved by this way. Therefore PEI/WUS grouping scheme that is similar to MTC/NB-IoT scheme can bring more power saving gains.
Observation 3: PEI/WUS-based UE grouping that is similar to MTC/NB-IoT scheme can bring more power saving gains.
However, as for how to group UE, we think UE_ID based grouping is a baseline, and paging probability is a scheme worth considering. Besides there are also other grouping schemes like mobility based, paging type beasd(i.e., CN and RAN paging), etc. We are open to discuss all these UE grouping schemes.
3. mutiple P-RNTIs based UE grouping
The scheme achieves grouping by having UE select one P-RNTI from multiple P-RNTIs that is pre-configured by network to perform PDCCH blind detection. The network needs to send multiple paging DCIs in one PO which increases network overhead and DCI blocking probability. In addition, since UE is still required to perform PDCCH blind detection, the power saving gain is limited.
Observation 4: Mutiple P-RNTIs based UE grouping needs to send multiple paging DCIs in one PO which increases network overhead and DCI blocking probability.
4. Time/Frequency based UE grouping
For current paging mechanism, PFs per DRX cycle is select from {oneT, halfT, quarterT, oneEighthT, oneSixteenthT} according to higher layer parameter nAndPagingFrameOffset, and DRX cycle has been extended to 10.24s, which means network has already supported high capacity for UE grouping in time domain. And continuing to extend the time domain will make a impact on the latency of paging reception.
Observation 5: The current network has already supported high capacity for UE grouping in time domain. And continuing to extend the time domain will make an impact on the latency of paging reception.
For frequency domain UE grouping, dividing frequency resources into multiple sub-CORESETs so that UE can be classified into more sub-groups, thus reducing false alarm. But RAN1 needs to discuss the split search spaces/CORESETs, which has impact on RAN1 design and network overhead. Also it still require PDCCH blind detection, the power saving gain is not much different from DCI-based or multiple P-RNTIs grouping, so we don’t think it is an efficient approach.
Observation 6: Time/Frequency based UE grouping needs to discuss the split search spaces/CORESETs, which has impact on RAN1 design and network overhead.
As mention above, we think PEI/WUS-based UE grouping scheme is an efficient way to get more power saving gain, and for those schemes that need to process paging PDCCH, like paging DCI-based, multiple P-RNTIs-based and Time/Frequency-based, there is no much difference on power saving gain. But paging DCI-based scheme is a simple way to group.
Proposal 2: the following UE grouping schemes for false alarm can be considered:
· PEI/WUS-based UE grouping
· Paging DCI-based UE grouping
3 Conclusions
Based on the discussion, our observations and proposals are provided as follows: 
Observation 1: Paging DCI-based UE grouping is a simple and straightforward way but the power saving gain it brought is limited. 
Observation 2: The introduction of paging probability-based UE grouping can further reduce unnecessary paging if the paging probability of different UE varies greatly.
Observation 3: PEI/WUS-based UE grouping that is similar to MTC/NB-IoT scheme can bring more power saving gains.
Observation 4: Mutiple P-RNTIs based UE grouping needs to send multiple paging DCIs in one PO which increases network overhead and DCI blocking probability.
[bookmark: _GoBack]Observation 5: The current network has already supported high capacity for UE grouping in time domain. And continuing to extend the time domain will make an impact on the latency of paging reception.
Observation 6: Time/Frequency based UE grouping needs to discuss the split search spaces/CORESETs, which has impact on RAN1 design and network overhead.
Proposal 1: The introduction of PEI/WUS is feasible and should be further studied if the power consumption of SSB-based synchronization, PO monitoring, transition energy and light sleep can be skipped by PEI/WUS.
Proposal 2: the following UE grouping schemes for false alarm can be considered:
· PEI/WUS-based UE grouping
· Paging DCI-based UE grouping
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