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1. Introduction
[bookmark: _GoBack]According to WID on UE Power Saving Enhancements, followings will be studied and specified in UE Power Saving Enhancements work item [1]; 
	1) Specify enhancements for idle/inactive-mode UE power saving, considering system performance aspects [RAN2, RAN1]
a) Study and specify paging enhancement(s) to reduce unnecessary UE paging receptions, subject to no impact to legacy UEs [RAN2, RAN1]
· NOTE: RAN1 to check and update, if needed, evaluation methodology in RAN1 #100 meeting


In this contribution, we discuss and provide our view on potential paging enhancement for idle/inactive mode UE power saving.
2. DCI design 
According to the decision from RAN#96e meeting, introducing new DCI format for the PEI was agreed. In this section we show our view on the design principle of the DCI format for the PEI. 
2.1. Information on PEI 
UE sub-group indication
To enhance the UE power saving by reducing unnecessary wake up due to the other UE paging, group-WUS was introduced in Rel-16 LTE MTC/NB-IoT. In a similar way, supporting UE sub-group indication, which allow UEs to skip PDSCH reception if there is no paging message intended, would be useful for NR power saving as well. In NR, a number of UE_IDs are assigned at a PO and a detailed indication of the paged UE (i.e. NG-5G-S-TMSI) is conveyed by the PDSCH scheduled by the DCI. Thus the Rel-16 NR UE that obtains PDSCH scheduling information by the paging PDCCH shall try to decode the scheduled PDSCH regardless of whether the UE is actually paged or not.
According to the agreement in a previous meeting, UE sub-group indication over PEI and/or paging PDCCH can be considered further. One of the candidates that can convey the UE sub-group information is a DCI for paging at a PO. In a DCI format 1_0 with CRC scrambled by P-RNTI, there are 6 reserved bits and they can be used to indicate UE sub-group indication; whether a UE’s associated UE sub-group is paged or not. Moreover, depending on the bit representation of short message indicator, short message field can be used to convey additional information for further sub-grouping. However it should be noted that UE cannot assume cross slot scheduling for paging with this method; UE should prepare same slot scheduling, which means preparing PDSCH decoding concurrently with PDCCH decoding, for paging reception regardless it is actually paged or not. According to the observation that was agreed in a previous RAN1 meeting, up to 1.1% power saving gain can be expected with UE sub-group indication within a PO when group paging rate is 10%. 
Another candidate to inform the UE of sub-group indication is to use the PEI. UE that monitors PEI does not need to prepare PDSCH decoding. Only the UE sub-group that is indicated by the PEI is required to monitor PO for PDCCH and PDSCH decoding, otherwise the UE sub-group does not need to prepare PDSCH reception for the paging message. Figure 1 shows an example of UE sub-group indication using PEI and paging DCI. In Figure 1 (a), PEI conveys UE sub-group information. It is obvious that UE can turn into the deep sleep mode faster than other methods, so the best power saving gain can be expected among examples. In Figure 1 (b), PEI is used to indicate paging transmission but it does not convey UE sub-group information. In this example, UE should wake up both at PEI monitoring occasion and PO to check UE sub-group information. In Figure 1 (c), paging DCI conveys the UE sub-group information and PEI is not used in this example. Although it can save the power consumption due to the PEI monitoring, it still requires power consumption for PO monitoring as conventional paging UE. According to the observation that was agreed in the last RAN1 meeting, up to 46% power saving gain can be expected with UE sub-group indication carried in PEI when group paging rate is 10%.
Observation 1: The UE sub-group indication using PEI outperforms UE sub-group indication within a PO.
Furthermore, UE sub-group indication using both PEI and paging PDCCH can be considered. For example, carrying part of the UE sub-group information in the PEI and the remaining part in the paging PDCCH. This approach may be useful if PEI is not enough to afford conveying sub-group information. However, since UE sub-grouping using PEI shows better power saving gain than paging PDCCH based solution, using PEI for UE sub-group indication should be discussed first with higher priority. Also, according to the agreement in a previous meeting, maximum of 8 subgroups per PO is supported; if the bitmap is used for UE sub-group indication, at most 8 bits are required for UE sub-group indication for a PO.
Observation 2: PDCCH based PEI can afford the maximum number of UE sub-groups.
Proposal 1: The UE sub-group indication is provided by PEI only.



[bookmark: _Ref54371690]Figure 1
UE group indication
To reduce the network overhead due to the PEI transmission, indicating wake up operation for multiple UE groups using a single PEI can be considered. Especially when the number of total PF (and PO) in a DRX cycle is high, network overhead due to the PEI transmission could be a problem and higher PDCCH blocking rate is expected. Within a PF, up to four POs can be configured, which means that four PEI occasions are required if the PEI cannot convey the wake up information for more than one PO. In order to avoid the congestion problem due to the dense PEI transmission, UE group indication using a single PEI for the POs sharing the same PF can be considered. Figure 2 shows examples of relationship between the PEI with UE group indication and POs within a PF. 
If PEI containing the UE group indication is supported, the size of DCI overhead could be a concern. However, note that unnecessary UE wake up due to the other UE paging can be decreased when the larger number of POs for a PF is configured. Thus the number of UE sub-groups for a PO may be configured with smaller value when higher PO density is configured. Also, as discussed in another section bellow, configuring the contents to be contained in the PEI and corresponding number of bits allows gNB to handle the DCI overhead.
Observation 3: UE group indication over PEI can reduce the network overhead due to the PEI transmission. 


[bookmark: _Ref83757939]Figure 2

TRS/CSI-RS availability indication 
Another candidate that can be considered for PEI contents is an indication of actual transmission of TRS/CSI-RS for idle/inactive UEs. In a previous RAN1 meeting, following working assumption were made for TRS/CSI-RS availability indication via L1 signaling. Based on the working assumption, it would be worth further discussing benefits and appropriateness of PEI based availability indication of TRS/CSI-RS.
	Working assumption: 
Support paging PDCCH based availability indication of TRS/CSI-RS occasions for idle/inactive UEs.
Support PEI based availability indication of TRS/CSI-RS occasions for idle/inactive UEs at least if PDCCH-based PEI is down-selected.
· FFS whether and how to enable/disable L1 based availability indication configurable by SIB


One possible method to indicate availability of TRS/CSI-RS occasions is to use paging DCI. If so, all the UEs that monitor PO can get information about availability of TRS/CSI-RS. However, a UE which monitors PEI may prefer to skip PO monitoring for power saving if there is no paging message intended. If there is no indication regarding TRS/CSI-RS availability, UE that monitors PEI may consume unnecessary power due to the PO monitoring. More specifically, if gNB intend to inform the availability for the TRS/CSI-RS occasion(s) but there is no paging message for the PEI capable UEs, it may be up to gNB whether or not to transmit the PEI. If gNB does not transmit PEI, the UEs that monitor the PEI cannot take advantage from the actual TRS/CSI-RS transmission. If gNB transmit PEI even when there no paging message to be scheduled for the PEI capable UEs, resource overhead due to the PEI will be increased. 
Moreover, according to the discussions on TRS/CSI-RS for idle/inactive UEs so far, one of the main advantage of TRS/CSI-RS assumption for idle/inactive mode UEs is that it can improve the power saving efficiency for paging. Indicated TRS/CSI-RS occasion can be used for time/frequency tracking for decoding both paging PDCCH and PDSCH if PEI is used for availability indication and indicated TRS/CSI-RS occasion is located between PEI and PO.  
Also, it should be noted that conveying TRS/CSI-RS availability indication by PEI would be useful from NW resource overhead saving perspective. As discussed above, the major advantage from the TRS/CSI-RS for idle/inactive mod UEs is enhancement of paging. Thus gNB does not need to transmit PEI for the TRS/CSI-RS availability indication when there is no paging message to be scheduled for idle/inactive mode UEs. 
From these perspectives, it seems obvious that conveying TRS/CSI-RS availability indication via PEI would be useful from UE power and network overhead saving perspectives.
Observation 4: TRS/CSI-RS availability indication via PEI is beneficial in terms of UE power saving and reducing NW overhead.
As discussed in parallel work item 8.7.1.2, TRS/CSI-RS for idle/inactive mode UEs is quasi co-located with SSBs, and multiple TRS/CSI-RS resource can be configured by gNB. Since the PDCCH decoding reliability may be affected by the size of information conveyed, reducing DCI bit overhead due to the TRS/CSI-RS availability indication shall be considered. As explained in our companion paper, additional one bit might be enough to indicate availability of TRS/CSI-RS occasion that is quasi co-located with SSB that is associated with the PEI [2].
Observation 5: Indicating availability for the TRS/CSI-RS occasion(s) considering beam selectivity manner can reduce the DCI overhead of the PEI.

SI change indication and ETWS/CMAS notification
In NR, short message field in paging DCI can be used to convey information on direct indication (e.g. SI change indication and ETWS/CMAS notification). The paging DCI can be used to convey short message only without scheduling information for paging message. To inform short message to UE that monitors PEI, four candidate methods can be considered as follow

(Alt. 1-a) No information for the short message over PEI, and UE monitors PO when wake up is indicated:
One possible way to provide short message is to indicate UEs wake-up behaviour via PEI so that the UE can monitor the PO. For example, UE subgroup indication field on PEI can be used to wake up all UEs monitoring a PEI. This method can be used without additional specification work if PEI is introduced. However, UE have to monitor both PEI and paging PDCCH to acquire short message, which would degrade UE power consumption efficiency. It should be noted that the number of SSBs that UE need to monitor for timer/frequency tracking is one of the dominant factors for UE power consumption. Due to the preparation of PDSCH decoding, UE monitoring a PO may require more accurate time/frequency synchronization compared to the case that UE monitoring a PEI. Moreover, according to the SI change indication procedure described in RRC protocol specification, repetitions of SI change indication may occur within preceding modification period. Therefore, even if there is no paging message intended, UE may wake up several times if SI change indication is repeated within the modification period. 
(Alt. 1-b) No information for the short message over PEI, and UE monitors paging PDCCH every DRX cycle:
In order to solve the resource overhead problem in the Alt. 1-a, it may be considered to force the UE to monitor paging PDCCH every DRX cycles regardless of the PEI decoding result. UE does not need to prepare PDSCH reception when PEI indicates no paging message (including the case when PEI is not transmitted). Hence, some power saving gain by monitoring PDCCH only at the PO can be expected. Also, gNB does not need to transmit PEI for informing the UE to receive short message at the PO. However, it is obvious that this approach is not attractive from a power saving point of view as the UE is has to monitor both the PEI PDCCH and paging PDCCH at every DRX cycles.
 (Alt. 2) One bit information over PEI to indicate UE shall monitor a paging PDCCH:
To reduce the unnecessary power consumption due to the SSB monitoring for preparing PDSCH reception at a PO, one bit information to indicate UEs to monitor a PO for the paging PDCCH reception only can be considered. When this one bit information indicates PO monitoring, all the UEs that monitor a PEI can assume PDCCH transmission at a PO. Moreover, when a UE is not informed to be scheduled for paging message through UE subgroup indication field on the PEI, it does not need to prepare PDSCH reception at a corresponding PO. If so, the UEs that are not scheduled for the paging message can take power saving efficiency by monitoring only the paging PDCCH without expecting PDSCH reception. However, this approach cannot completely eliminate UE power consumption for PO monitoring; it still requires UE power consumption for PDCCH monitoring.
(Alt. 3) Two bits information over PEI for SI change indication and ETWS/CMAS notification:
Alternatively, to reduce the unnecessary UE wake up due to the short message acquisition, containing the short message field over the PEI can be considered. For example, the PEI can be configured to contain 2 bits, where one bit is for SI change indication and the other bit is for ETWS/CMAS notification. By introducing these two bits, even a UE that is not indicated to wake up at a PO by the PEI can get short message information at the PEI occasion. Compare to the method of Alt. 2, this approach can prune the unnecessary UE power consumption due to the paging PDCCH decoding. 
It is clear that Alt. 3 is the most efficient way in a UE power consumption point of view since it is the only way that is not required paging PDCCH monitoring. For Alt. 2, although it requires paging PDCCH monitoring for the short message reception, it can save unnecessary power consumption when UE is not indicated. From the power consumption perspective, Alt. 1-a/1-b is not preferable. Figure 3 shows examples of candidate methods from power consumption perspective for a paging cycle. As shown in this figure, conveying short message over PEI can bring more power saving gain than others. 
Alt. 1-a, Alt. 2 and Alt. 3 require PEI transmission to inform the UE of the SI change indication and the ETWS/CMAS notification. Thus the NW overhead for these three alternatives would be similar. Note that it is up to gNB whether or not transmitting paging PDCCH when Alt. 3 is used, while other candidates requires paging PDCCH transmission by default.
Observation 6: Once the SI change indication is transmitted, repetitions of SI change indication may occur within preceding modification period. 
Observation 7: Conveying information with regard to SI change indication and/or ETWS/CMAS notification over PEI is beneficial from power saving perspective.
Observation 8: Compared to the Alt 1-a, conveying information with regard to SI change indication and/or ETWS/CMAS notification over PEI does not increase the NW overhead.
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Proposal 2: PEI conveys the following information
· UE sub-group indication
· If configured, UE group indication 
· If configured, TRS/CSI-RS availability indication  
· Information with regard to SI change indication and ETWS/CMAS notification 

2.2. DCI format 
According the decision from the last RAN meeting, introducing new DCI format can be considered. In this section, we show our view on the DCI format design based on the discussion in the previous section.
As agreed in a previous RAN1 meeting, one bit in the DCI payload indicating one UE subgroup is supported. Since the number of UE sub-group for a PO might be configured via higher layer, a configurable size of the UE sub-group indication filed is preferable. The PEI conveys the UE group indication (i.e. index of the PO) when one PF contains multiple POs. By allocating different DCI bits for a different PO, UE group indication can be conveyed. For example, if one PF contains NS POs and the number of UE subgroup is NSG, the total size of the DCI field for the UE sub-group indication is NS*NSG bits. In this case, the nth NSG bits can be used to indicate the UE subgroup indication for the nth PO. Figure 4 shows an example when the number of UE subgroup for a PO is configured as four and the PEI conveys the UE group indication for two POs. 
Proposal 3: The DCI for the PEI contains the bitmap for the UE group and UE sub-group indication. 
· The number of UE sub-group for a PO (i.e. NSG) is configured via higher layer
· The number of UE group associated with a PEI is NS, where the NS is a paging parameter that is for determining a number of POs in a PF.
· The size of the DCI field for the UE group and UE sub-group indication is NSG*NS. 


[bookmark: _Ref83891296]Figure 4
As discussed above, indicating availability for the TRS/CSI-RS occasion(s) with beam selectivity manner over the PEI would be beneficial from DCI overhead perspective. Hence, configuring DCI field with 1 or 2 bits for the availability indication could be considered. Of course, when gNB does not configure the TRS/CSI-RS occasion(s) for idle/inactive UEs, this DCI field shall be set to 0 bit. However it should be noted that details on the TRS/CSI-RS availability indication including required number of bits shall be discussed in agenda item 8.7.1.2.
Proposal 4: If configured, the DCI for the PEI contains [1 or 2] bit for the TRS/CSI-RS availability indication 
As discussed above, two types of information for the SI change indication and ETWS/CMAS notification can be considered. One is using one bit for indicating UE to monitor a PO for paging PDCCH monitoring, and the other one is using two bits to convey the SI change indication and ETWS/CMAS notification over PEI directly. Since the both alternatives requires negligible DCI overhead, supporting two bit indication which can guarantee more power efficiency is preferable. 
Proposal 5: The DCI for the PEI contains 2 bits for indicating SI change indication and ETWS/CMAS notification. 
Lastly, configuring reserved bits for the forward compatibility can be considered. It is obvious understanding that larger reserved bits can serve higher forward compatibility. Meanwhile, smaller or no bits is preferable from the power saving and paging reliability perspective. From this point of view, it would be worth to consider that let the gNB configures the number of reserved bits. If there is no additional function other than Rel-17, the reserved bit field can be set to 0 bit to reduce the DCI payload.
Proposal 6: The DCI for the PEI contains reserved bits field, the size of which is configured via higher layer. 

Table 1 shows a list of the contents and the required number of DCI bits which can be contained over the PEI. We also shows an example when total 12 bits payload is configured for the PEI. As can be seen this example, all of the information listed in proposal 2 can be contained in a DCI of 12 bits, which is the minimum payload size for the DCI format in NR.
[bookmark: _Ref83896275]Table 1
	Contents 
	The number of DCI bits
	Example (12 bits)

	UE group and subgroup indication
	NSG(# of sub-group for a PO) * NS (# of POs for a PF)
	8 bits

	TRS/CSI-RS availability indication
	[0 or 1 or 2]
	2 bits

	SI change indication
	1
	1 bit

	ETWS/CMAS notification
	1
	1 bit

	Reserved bits
	Configurable
	0



Like other DCI formats, RNTI value is required, which is used for CRC scrambling. Like WUS in connected mode, it is preferable to have configurable RNTI from the scheduling flexibility and forward compatibility point of view.
Proposal 7: PEI-RNTI that is used for CRC scrambling for the PEI is configured via higher layer. 

2.3. DCI size alignment 
Introducing new DCI format may increase the blind decoding complexity of the UE. When the new DCI format for PEI is introduced, it seems obvious that UE complexity due to the blind decoding will be increased because the DCI payload will be lower than the DCI format 0_0/1_0 which is used for idle/inactive UEs. Additional blind decoding not only increases the UE power consumption but may also have an issue on the limitation of DCI size budget. To overcome this problem, applying DCI size alignment defined in TS38.212 could be considered. For example, DCI field for the padding bits can be inserted in the new DCI format, and a number of zero padding bits are generated for the DCI format for the PEI until the payload size equals that of the DCI format 1_0. With the DCI size alignment, we can consider following two cases for the UE decoding behaviour. 
(Case 1) When the UE needs to monitor PEI together with other PDCCH(s): 
Idle/inactive UEs monitors the DCI format 1_0 witch CRC scrambled with some RNTI values (e.g. P-RNTI, SI-RNTI). For example, for a search space in which the UE needs to monitor for SI acquisition, UE should perform blind decoding on the DCI format 1_0 regardless of PEI. Compared to this legacy UE operation, there is no additional complexity or additional power consumption if DCI size alignment is applied because the size of the DCI format for the PEI is equal to the DCI format 1_0. If 40 bits are configured for the DCI format 1_0, UE need to decoding 40 bit DCI and check the CRC with PEI-RNTI value for the PEI decoding. 
(Case 2) When the UE only monitors a PEI at a PEI occasion
The UE has prior knowledge that the padding bits in the DCI for the PEI is set to zero when the PEI is transmitted. So, UE can take advantage of known bit padding for achieving higher coding gain when there is no DCI formats to be decoded other than the DCI for the PEI. Note that in polar code, frozen bits, which are the non-information bits in an input sequence of the polar encoder, are padded with zero. Thus the padding bit fields in the DCI format can be treated as the frozen bits by the decoder; which means effective code rate is determined by the DCI fields other than padding bit. 
Observation 9: The size of the DCI format for the PEI can be aligned with the DCI format 0_0/1_0 when zero bit padding is applied.
Observation 10: When the UE only monitors a PEI at a PEI occasion, UE may assume that bits in the padding bit field are frozen bit for PDCCH decoding.
Proposal 8: Zero bit padding for the DCI size alignment is applied to the DCI format for the PEI.



3. PEI monitoring
3.1. CORESET
The CORESET0 is used for paging for idle/inactive mode UEs. Likewise, existing CORESET0 can be used for the PEI. As discussed in RAN1 meeting so far, reusing existing CORESET0 for the PDCCH based PEI would be beneficial from coexistence with legacy signal/channel point of view. Moreover, signaling overhead by configuring the CORESET parameters can be saved. 
Proposal 9: CORESET0 is used for the PEI.

3.2. PEI Occasion
For discontinuous reception for paging in NR, the PF and PO are determined by the formulae defined in TS38.304. In a similar way, defining PEI frame and PEI occasion for PEI reception can be considered. PEI frame can be determined as an offset from the PF. Since the UE that monitors PEI may require additional time/frequency tracking, the offset with several frame could be required for SSB monitoring. 
For determining the PEI occasion within the PEI frame, it would be worth considering mimicking the method for PO. In NR, a PO is defined as a set of PDCCH monitoring occasions for multi-beam operation and can consist of multiple time slots. In the same way, PEI occasion can consist of multiple monitoring occasions to support the multi-beam operation. Also, it seems natural that the number of PDCCH monitoring occasions and QCL assumptions for the PEI are same as those of the PO.
PDCCH monitoring occasions for paging are determined by following the RMSI or individually configured via higher layer signaling. It is also worth considering mimicking the method for paging to determine the PDCCH monitoring occasions for PEI. For example, if the SearchSpaceID for the PEI is configured zero, the PDCCH monitoring occasions for PEI are same as for RMSI. Otherwise, if the SearchSpaceID other than zero is configured, the UE monitors PEI occasion where is configured via higher layer. 
Since multiple POs can be configured for the PF, maximum four UE groups can share a same PEI frame when frame level offset is used to configure PEI frame. Moreover, if the method for indicating wake up operation for multiple UE groups using a single PEI is supported, grouping multiple POs share the same PEI frame can be considered.
Proposal 10: Define PEI Occasion, which is a set of PDCCH monitoring occasions. 
· The PDCCH monitoring occasions for PEI are determined according to [PEISearchSpace] and [firstPDCCH-MonitoringOccasionOfPEI]
· When SearchSpaceId = 0 is configured for [PEISearchSpace], the PDCCH monitoring occasions for PEI are same as for RMSI
· When SearchSpaceId other than 0 is configured for [PEISearchSpace], the UE monitors the PEI occasion where is configured via higher layer 
Proposal 11: Define PEI Frame, which is one Radio Frame and contains one PEI Occasion or starting point of a PEI Occasion.
· PEI Frame is determined by offset from the PF

3.3. Details on multi-beam operation
According to TS38.304, the UE assumes that the same paging message and the same short message are repeated in all transmitted beams in multi-beam operations. Similar to paging, PEI can be transmitted in multiple transmitted beam at a PEI occasion in multi-beam operations. 
As discussed above, PEI can convey the information on UE group/sub-group indication and information with regards to the short message. The selection of the beam(s) for the reception of the PEI is up to UE implementation and gNB does not have any prior information on UE behavior. Furthermore, the information on UE group/sub-group indication and the short messages are not associated with a specific beam direction. Thus, like the paging, it seems natural that the UE assumes that the same UE group/sub-group indication and the same information w.r.t. the short message are repeated in all transmitted direction for a PEI occasion. 
On the contrary, TRS/CSI-RS availability indication should be discussed carefully since it may have a characteristic of a beam selectivity manner. For example, if the PEI convey availability indication only for the TRS/CSI-RS occasion(s) with the same beam direction, each transmitted beam should have different information to avoid restricting the scheduling flexibility of the TRS/CSI-RS for idle/inactive UEs. However, as discussed above, whether to support beam selectivity manner for the TRS/CSI-RS availability indication over PEI shall be discussed first in the parallel agenda item.
Proposal 12: The UE assumes that the same information on UE group/subgroup indication, SI change indication and ETWS/CMAS notification are repeated in all transmitted beams in a PEI occasion. 
Proposal 13: If the PEI convey availability indication only for the TRS/CSI-RS occasion(s) with the same beam direction, the UE assumes that the information on the TRS availability indication can be different in each transmitted beam in a PEI occasion.

4. Conclusion
In this contribution, we discuss and provide our view on potential paging enhancement for idle/inactive mode UE power saving. Proposals and observations in this contribution are summarized as follows.
Observation 1: The UE sub-group indication using PEI outperforms UE sub-group indication within a PO.
Observation 2: PDCCH based PEI can afford the maximum number of UE sub-groups.
Observation 3: UE group indication over PEI can reduce the network overhead due to the PEI transmission. 
Observation 4: TRS/CSI-RS availability indication via PEI is beneficial in terms of UE power saving and reducing NW overhead.
Observation 5: Indicating availability for the TRS/CSI-RS occasion(s) considering beam selectivity manner can reduce the DCI overhead of the PEI.
Observation 6: Once the SI change indication is transmitted, repetitions of SI change indication may occur within preceding modification period. 
Observation 7: Conveying information with regard to SI change indication and/or ETWS/CMAS notification over PEI is beneficial from power saving perspective.
Observation 8: Compared to the Alt 1-a, conveying information with regard to SI change indication and/or ETWS/CMAS notification over PEI does not increase the NW overhead.
Observation 9: The size of the DCI format for the PEI can be aligned with the DCI format 0_0/1_0 when zero bit padding is applied.
Observation 10: When the UE only monitors a PEI at a PEI occasion, UE may assume that bits in the padding bit field are frozen bit for PDCCH decoding.

Proposal 1: The UE sub-group indication is provided by PEI only.
Proposal 2: PEI conveys the following information
· UE sub-group indication
· If configured, UE group indication 
· If configured, TRS/CSI-RS availability indication  
· Information with regard to SI change indication and ETWS/CMAS notification 
Proposal 3: The DCI for the PEI contains the bitmap for the UE group and UE sub-group indication. 
· The number of UE sub-group for a PO (i.e. NSG) is configured via higher layer
· The number of UE group associated with a PEI is NS, where the NS is a paging parameter that is for determining a number of POs in a PF.
· The size of the DCI field for the UE group and UE sub-group indication is NSG*NS. 
Proposal 4: If configured, the DCI for the PEI contains [1 or 2] bit for the TRS/CSI-RS availability indication 
Proposal 5: The DCI for the PEI contains 2 bits for indicating SI change indication and ETWS/CMAS notification.
Proposal 6: The DCI for the PEI contains reserved bits field, the size of which is configured via higher layer.
Proposal 7: PEI-RNTI that is used for CRC scrambling for the PEI is configured via higher layer.
Proposal 8: Zero bit padding for the DCI size alignment is applied to the DCI format for the PEI.
Proposal 9: CORESET0 is used for the PEI.
Proposal 10: Define PEI Occasion, which is a set of PDCCH monitoring occasions. 
· The PDCCH monitoring occasions for PEI are determined according to [PEISearchSpace] and [firstPDCCH-MonitoringOccasionOfPEI]
· When SearchSpaceId = 0 is configured for [PEISearchSpace], the PDCCH monitoring occasions for PEI are same as for RMSI
· When SearchSpaceId other than 0 is configured for [PEISearchSpace], the UE monitors the PEI occasion where is configured via higher layer 
Proposal 11: Define PEI Frame, which is one Radio Frame and contains one PEI Occasion or starting point of a PEI Occasion.
· PEI Frame is determined by offset from the PF
Proposal 12: The UE assumes that the same information on UE group/subgroup indication, SI change indication and ETWS/CMAS notification are repeated in all transmitted beams in a PEI occasion. 
Proposal 13: If the PEI convey availability indication only for the TRS/CSI-RS occasion(s) with the same beam direction, the UE assumes that the information on the TRS availability indication can be different in each transmitted beam in a PEI occasion.
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(b) One bit indication over PEI for paging PDCCH monitoring

(c) Two bit indication over PEI for short message
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(a) sub-group indication by PEI (b) sub-group indication using paging DCI
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(without PEI)
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