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1. Introduction
At TSG-RAN #93e, the following was agreed [1].
	· Support PDCCH-based PEI as the only option
•       Only essential function for PEI is support
•      New DCI format
•      Higher layer configuration, including SS
•      Details of the procedures of PEI monitoring, and identification of MOs before PO
•      Only Behv-A (per RAN1#104e agreement) is supported 
•      If TRS availability indication is agreed to be supported in both paging DCI and the DCI format for PEI, same mechanism/principle for TRS availability indication is adopted for the two DCI formats
•      Supporting TRS availability indication in DCI format for PEI shall not delay the completion of essential functionality of PEI 



This paper discusses the essential functionalities for PEI in accordance with the TSG-RAN agreement.
2. Discussion
2.1. DCI format and information fields
At RAN1 #106-e meeting, the following proposal was discussed [2].
	Proposal 4-3a:
For PDCCH-based PEI, a new DCI format is supported for carrying targeted indications.
· FFS: DCI format 1_0 with P-RNTI by use of reserve bits for subgroups indication or repurpose the bit fields without causing false paging to legacy UEs



To follow the TSG-RAN agreement, it is straight forward to agree on introducing a new DCI format for PDCCH-based PEI and not to discuss any other options to focus on the essential functionalities. Since the PDCCH-based PEI does not schedule PDSCH, the new DCI format should be specified as a non-scheduling DCI (2_X series). Therefore, the following is proposed.
Proposal 1:	A new DCI format of 2_X is introduced for PDCCH-based PEI.
If the new DCI format is introduced, the next question is the RNTI used for scrambling the new DCI format with CRC. Regarding whether to introduce a new RNTI or reuse an existing RNTI (e.g., P-RNTI), the impact of PEI transmission needs to be considered for legacy UEs. Monitoring occasions for PEI may coincide with POs for legacy UEs, albeit careful network management could avoid such a configuration. Nevertheless, if it happens, to avoid false paging alarm for legacy UEs, it is better to specify a new RNTI whose value is different from P-RNTI. Also, it is no advantage that the value of the new RNTI can be configured by the higher layer, since all PEI capable UEs attempt to receive and decode PEI in a cell, which is neither a UE-specific nor a sub-group message. As such, a single value dedicated to PDCCH-based PEI is enough to be defined in the specification like P-RNTI. Therefore, the followings are proposed.
Proposal 2:	A new RNTI is introduced for PDCCH-based PEI (e.g. PEI-RNTI).
Proposal 3:	A single value is defined for the new RNTI, which does not have to be configured by the higher 			layer.
With regards to the information fields of the new DCI format, the following information is at least needed.
-	Paging sub-group indication;
-	SI update/ETWS indication;
· Paging sub-group indication
In the last meeting, the following proposal was discussed [2].
	Proposal 2-1a
For PDCCH-based PEI,
a) Subgroups indication provided is by PEI-only
b) Include code-point based mapping, in addition to bit-map based mapping, for subgroups indication
· N + 1 code-points for indicating N individual subgroups and one common indication to all subgroups when more than one subgroup is indicated.



On the other hand, the following was agreed at RAN1 #105-e [3].
	Agreement:
For paging indication to the subgroups in a PO,
1. For PDCCH-based PEI, subgroups in a PO are indicated by one PEI
0. One bit in the DCI payload indicating one UE subgroup is supported 
0. FFS: Whether code-point based mapping is utilized, and, if so, how to map to the subgroups in a PO



The open issue was whether the code-point based mapping is used or the bitmap based mapping is used. Before plunging into these alternatives, it should be decided how the paging sub-group is indicated in a PEI. First of all, one PEI should be able to indicate multiple paging sub-groups to be paged in a PO. Otherwise, it will introduce paging delay when the gNB is asked to page multiple UEs which belong to different sub-groups at the same time. This is because only the UEs in one subgroup can be paged in one PO, and the UEs in other subgroups need to be paged in subsequent POs. Second, one PEI should be associated with multiple POs in a PF. According to the current specifications, the network can configure up to 4 POs per each PF. If the network needs to send a PEI per PO which were configured, it will increase resource overhead for PEI transmissions. Therefore, the followings are proposed.
Proposal 4:	One PEI should be able to indicate multiple paging sub-groups to be paged in a PO.
Proposal 5:	When multiple POs are available in a PF, one PEI should be able to indicate multiple sub-					groups to be paged for each PO in the PF.
If proposal 4 and 5 are accepted, the bitmap based mapping seems to be useful here. The code-point based mapping can certainly compress the required number of bits in PEI DCI compared with bitmap based, if one sub-group is paged per PO in a PEI. On the other hand, if one PEI can indicate multiple sub-groups for each PO in the PF, the code-point based mapping requires more bits than the bitmap based mapping. For the bitmap based mapping, the number of DCI bits required for paging sub-grouping is Nsg*Ns, where Nsg is the number of paging sub-groups and Ns is the number of POs in a PF. Each bit corresponds to each sub-group of each PO, as shown in Figure 1.


Figure 1:	Bitmap structure for paging sub-group indication
Proposal 6:	The new DCI format for PDCCH-based PEI conveys a bit map which indicates paging sub-				group(s) to be paged for each PO in a PF.
Proposal 7:	The length of the bitmap is determined by Nsg * Ns, where Nsg is the number of paging sub-				groups and Ns is the number of POs in a PF.
· SI update/ETWS indication
As agree at TSG-RAN #93e, only Behv-A is supported for PDCCH-based PEI [1]. The definition of Behv-A is shown below [4].
-	Behv-A:
-	PEI indicates UE should monitor a PO if UE’s group/subgroup is paged.
-	UE is not required to monitor a PO if UE does not detect PEI at all PEI occasion(s) for the PO
This UE behaviour implies that the UE may miss SI update/ETWS indication if UE’s sub-group is not indicated by PEI. As such, PEI should be able to deliver SI update/ETWS indication to PEI capable UEs. The following is proposed.
Proposal 8:	PEI should be able to deliver SI update/ETWS indication to PEI capable UEs.
2.2. Search space and monitoring occasions for PEI
In the last meeting, the following proposal was discussed [2].
	Proposal 3-1a
For PDCCH-based PEI, 
· Determination of PEI monitoring occasion(s) is based on,
· A search space configuration specifying periodic durations of the candidate monitoring occasions
· The search space configuration can be dedicated for PEI or based on existing common search space configuration, e.g., pagingSearchSpace
· FFS how to indicate the reference and include additional restriction if an existing common search space configuration is referenced
· A minimum time offset before the start of UE’s PF
· FFS range and unit of the minimum time offset
· A maximum time offset between PEI monitoring occasion(s) and the start of the earlier and nearest SS burst
· FFS range and unit of the maximum time offset
· UE monitors all candidate monitoring occasion(s) in the earlier and nearest duration to the start of UE’s PF and subject to the minimum time offset w.r.t. the start of UEs’ PF and the maximum time offset w.r.t. the start of the earlier and nearest SS burst 



With regards to the search space configuration for PEI, it is clearer to distinguish from the existing search space configuration for paging. A dedicated configuration for monitoring PEI is desirable.
Proposal 9:	A common search space specific to PDCCH-based PEI can be configured by the higher layer.
Apart from the search space configuration, necessity of the time offset needs to be discussed. Suppose that One PEI can indicate multiple paging sub-groups for each PO in a PF, the reference of time offset should be the PF, rather than the PO. At least time offset between PEI occasion(s) and the start of UE’s PF is needed, which covers up to three SSB occasions. The need of the other offset need to be discussed for further.
Proposal 10:	The time offset between PEI occasion(s) and the start of UE’s PF is at least needed.
3. Summary and proposal
This paper discussed the essential functionalities of PDCCH-based PEI. In summary, the followings were proposed.
Proposal 1:	A new DCI format of 2_X is introduced for PDCCH-based PEI.
Proposal 2:	A new RNTI is introduced for PDCCH-based PEI (e.g. PEI-RNTI).
Proposal 3:	A single value is defined for the new RNTI, which does not have to be configured by the higher 			layer.
Proposal 4:	One PEI should be able to indicate multiple paging sub-groups to be paged in a PO.
Proposal 5:	When multiple POs are available in a PF, one PEI should be able to indicate multiple sub-					groups to be paged for each PO in the PF.
Proposal 6:	The new DCI format for PDCCH-based PEI conveys a bit map which indicates paging sub-				group(s) to be paged for each PO in a PF.
Proposal 7:	The length of the bitmap is determined by Nsg * Ns, where Nsg is the number of paging sub-				groups and Ns is the number of POs in a PF.
[bookmark: _GoBack]Proposal 8:	PEI should be able to deliver SI update/ETWS indication to PEI capable UEs.
Proposal 9:	A common search space specific to PDCCH-based PEI can be configured by the higher layer.
Proposal 10:	The time offset between PEI occasion(s) and the start of UE’s PF is at least needed.
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