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1. Introduction
In this contribution, we discuss and provide our view on remaining issues of potential paging enhancement for idle/inactive mode UE power saving.

2. [bookmark: _GoBack]Discussion
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. 
Determination of PEI-O location
	Agreement
· Determination of PEI-O location for UE’s PO is based on deciding a reference point and an offset from the reference point to the start of the first PDCCH MO of the PEI-O.
o   The reference point is the start of a reference frame determined by a frame-level offset from the start of the first PF of the PF(s) associated with the PEI-O and configured via SIB for the cell.
· FFS: The range of the frame-level offset
o   There is a symbol-level offset from the reference point to the start of the first PDCCH MO of PEI-O, provided by firstPDCCH-MonitoringOccasionOfPEI-O and configured via SIB for the cell.
· FFS: The range of the symbol-level offset
· Note: When PEI-O is placed close to or overlapped with an earlier SS burst before its associated POs, the total UE wake-up time can be reduced for better power saving gain. Network can configure the PEI-O location accounting the power saving benefit and potential impact on gNB flexibility.


According to the agreement in the last meeting, PEI-O location for UE’s PO is determined based on a reference point and an offset from the reference point. As described in the agreement, the range of offset value for determining PEI-O location should be decided. As discussed so far, UE that monitors a PEI may need to monitor SSB(s) before a PO for power saving gain. Since the maximum SSB periodicity that can be configured is 160ms, it seems worth supporting 160ms for the frame level offset. For symbol level offset, the larger the range of values, the greater the configuration flexibility for the PEI-O location from the gNB perspective. If signaling overhead is not a matter same value range as symbol level offset for a PO can be reused for PEI-O location.
Proposal 1
· The value range of the frame level offset, which is for determining a reference point of PEI, is {1, 2, 3 … 16} radio frames. 
· The value range of the symbol level offset for PEI is same as the value range of the symbol level offset for PO. 
RNTI
According to the agreement in the last meeting, PEI DCI and paging DCI can be configured with the same payload size. If PEI DCI is configured to have same payload size with paging DCI, RNTI for PEI should be different from the P-RNTI to avoid misunderstanding. The simplest way is using a fixed RNTI different from P-RNTI value for PEI. The benefits from configurable RNTI is not clear, and it costs signaling overhead for configuration. Details on RNTI value can be discussed in RAN2. 
Proposal 2: A new RNTI value dedicated for PEI is supported. The new RNTI value is fixed and not configurable. 

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 1 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 1: Once the SI change indication is transmitted, repetitions of SI change indication may occur within preceding modification period. 
Observation 2: Conveying information with regard to SI change indication and/or ETWS/CMAS notification over PEI is beneficial from power saving perspective.
Observation 3: 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.


[bookmark: _Ref79088441]Figure 1

Proposal 3: Support two bits indication over PEI for SI change indication and ETWS/CMAS notification 

3. 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: Once the SI change indication is transmitted, repetitions of SI change indication may occur within preceding modification period. 
Observation 2: Conveying information with regard to SI change indication and/or ETWS/CMAS notification over PEI is beneficial from power saving perspective.
Observation 3: 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.

Proposal 1
· The value range of the frame level offset, which is for determining a reference point of PEI, is {1, 2, 3 … 16} radio frames. 
· The value range of the symbol level offset for PEI is same as the value range of the symbol level offset for PO.
Proposal 2: A new RNTI value dedicated for PEI is supported. The new RNTI value is fixed and not configurable.
Proposal 3: Support two bits indication over PEI for SI change indication and ETWS/CMAS notification 
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(a) UE subgroup indication only
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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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(c) Two bit indication over PEI for short message


(b) One bit indication over PEI for paging PDCCH monitoring
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