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1 [bookmark: _Ref40465791]Introduction
In the RAN#93-e meeting, the following conclusion was achieved for PEI design [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 contribution provides our views in the above aspects.

2 Discussion
1 
2 
DCI format design for Paging Early Indication (PEI) 
To decide the new DCI format for PEI, it is important to conclude the following topics which are essential for the bit field design.
How many POs are covered by a PEI
Depending on how frequent a PEI is sent by gNB, a PEI may cover one or multiple POs. From the system overhead angle, it is better to send as less frequently as possible, as long as the PEI is able to trigger UE monitoring its PO without additional latency if there is any positive paging coming. This is based on the assumption that the PDCCH overhead for a PEI does not dramatically changes by the number of indicated POs. In addition, the subgroup information field and TRS availability indication field are assumed to be configurable.
Therefore, we propose multiple POs can be covered by a PEI. The number of POs can be configured by SIB, which also has impact to the PEI monitoring behavior of UE.
Proposal 1: In the DCI format for PEI, the early indication of one and multiple POs are both supported. The number of POs are configurable by SIB.

Subgroup indication design
For each PO, subgroup indication is needed as already agreed. For 8 subgroups which is the number already agreed to support by RAN2, 8 bits bitmap is needed for each PO. However, if the total overhead is too large for the DCI format size to support multiple POs and the subgroup indication for each PO, e.g. 10 POs * 8 bits per PO are 80 bits which are far more than the size of DCI format 1_0, the subgroup number can be less than 8 in PEI. This can be configurable with other parameters of PEI. For example, if 8 subgroups are configured, a first level of 4 bits sub-grouping information can be configured to be transmitted in PEI, where each bit stands for two subgroups. Then UE may determine whether it will be paged through the first level subgrouping information before deciding to decode the paging DCI. If the check is positive, UE may then continue to check  the further more dedicated sub-grouping information indicated by paging DCI. When PEI is not configured by the network, this operation also allows sub-grouping gain of the power reduction.
Proposal 2: Sub-grouping information bit width is configurable in SIB. Additional subgroup information can also be carried in the paging DCI. When PEI is configured, more refined sub-grouping information by two level indication can be achieved. When PEI is not configured, just sub-grouping indication within paging DCI can also serve the function. 

TRS availability/unavailability indication
Besides the paging indication, TRS availability indication can also be indicated in the PEI. The detailed views are provided in our companion contribution [2].

Based on the discussion on above three aspects, the bit fields design in our view is illustrated in the Figure.1 below. Different blocks can be defined for each subsequent POs and the last block can be for TRS availability/unavailability indication. 

[image: ]                                      Figure.1 Brief example of DCI format for PEI design

On the DCI format payload size, it can be explicitly configured similar to DCI format 2_0 as the range up to 128 bits. If the gNB wants to reduce the number of BDs, the size can be aligned with fallback DCI. If the gNB want to optimize the coverage, it can be differentiated from fallback DCI.
Proposal 3: For the DCI format defined for PEI, one or more blocks can be configured for subsequent PO(s) and the TRS availability/unavailability indication. In addition, a upper limit of the DCI format size should be defined.


RNTI
Regarding the RNTI used for CRC mask, we think a new RNTI defined for PEI is a straight forward solution. If the network want to share the same DCI with PS-RNTI or other DCI, it is up to gNB responsibility to set the same RNTI value with PS-RNTI as UE should check the indicated bit fields on this DCI.  Such handling is similar to DCI format 2_2 or 2_3 of grouped TPC command. Therefore, we propose to define a new RNTI for PEI.
Proposal 4: Define a new RNTI for Rel.17 PEI.  

Higher layer configurations
To incorporate the PEI in the specification, the following higher layer configurations by SIB are discussed:
· DCI format related configuration. As elaborated in the previous subsection, higher layer should configure 
· the number of blocks, 
· number of indicated POs, 
· whether subgroup information is indicated in each block for the corresponding PO and the bit width with location in the DCI, 
· whether subgroup information in indicated in the paging DCI and the bit width with location in the DCI.

· Search space configuration and UE monitoring time window. 
· For less specification impact, to add PEI support in the current Type 2 CSS for paging could be a possible solution. In this case, each UE may need to decide a PEI monitoring window, whose starting point can be calculated based on its PO location/index and how many POs are covered by a PEI. The duration also needs to be configured.
· Another possible option is to configure a separate CSS especially for PEI monitoring, e.g. Type 2A CSS. As the periodicities of monitoring occasions for PEI and PO, respectively, should be in line with the configuration of how many POs are covered by a PEI. Thus network can take the responsibility to decide the monitoring occasions for PEI to ensure all the POs are covered in system level. UE only needs to follow the new CSS for PEI monitoring. On the other hand, we identify that the time occasions of PEI can be chosen close to SSB and/or the additional TRS occasions, which has technical merits from receiver side for power saving. This can be achieved by gNB implementation through proper configuration of this CSS. Thus, we think defining a new search space for PEI is beneficial, although it can be related to the Type 2 CSS for paging.

Based on the above discussion, we propose following. 
Proposal 5: For DCI format defined for PEI, SIB needs to configure the number of blocks, the number of indicated POs, all or part of the subgroup information for each corresponding PO and corresponding field location in the DCI.
Proposal 6: A new CSS, e.g. Type 2A is configured for PEI monitoring. The time occasions of this CSS should be flexible to allow the network choice between close to SSB or close to the additional TRS occasions.

3 Conclusion
In this contribution, views on paging enhancement schemes for Rel.17 UE power saving enhancement are provided. The following conclusions are highlighted:
Proposal 1: In the DCI format for PEI, the early indication of one and multiple POs are both supported. The number of POs are configurable by SIB.
Proposal 2: Sub-grouping information bit width is configurable in SIB. Additional subgroup information can also be carried in the paging DCI. When PEI is configured, more refined sub-grouping information by two level indication can be achieved. When PEI is not configured, just sub-grouping indication within paging DCI can also serve the function. 
Proposal 3: For the DCI format defined for PEI, one or more blocks can be configured for subsequent PO(s) and the TRS availability/unavailability indication. In addition, a upper limit of the DCI format size should be defined.
Proposal 4: Define a new RNTI for Rel.17 PEI
Proposal 5: For DCI format defined for PEI, SIB needs to configure the number of blocks, the number of indicated POs, all or part of the subgroup information for each corresponding PO and corresponding field location in the DCI.
Proposal 6: A new CSS, e.g. Type 2A is configured for PEI monitoring. The time occasions of this CSS should be flexible to allow the network choice between close to SSB or close to the additional TRS occasions.
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