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Introduction
In previous discussion, some agreements of paging enhancement were reached [1]. In this contribution, the remaining issues of PEI are further discussed.

Remaining issues of PEI
PEI was introduced to reduce the power consumption of unnecessary paging reception. In previous meetings, some designs of PEI, such as the mapping methods of the paging indications, PEI-O location, search space and aggregation level were discussed. More details haven’t been settled down yet. In this contribution, further discussion and analysis are provided. 

PEI location
· Determination of PEI-O location
In 3GPP TSG RAN 1#107-e meeting, it was agreed that more than one PF can be associated with one PEI and the PEI-O location is determined by a frame-level offset and a symbol-level offset [2].
	Agreement
Support mapping one PEI to POnumPerPEI PO(s) in one or multiple PF(s)
· POnumPerPEI is a factor of [image: image036(11-18-20-31-35)] (total PO number in a paging cycle) and configurable via SIB for the cell with the value range of {1, 2, 4, 8}
· The Maximum number of PF associated with one PEI is up to 2
· Note: Maximum number of paging indication bits in DCI format 2_7 can be kept the same for any configuration of POnumPerPEI, e.g., by applying a smaller subgroupsNumPerPO and a larger POnumPerPEI.
· Note: Larger value of POnumPerPEI can reduce the average PEI overhead per PO, but there can also cause potentially larger paging latency and larger UE power consumption due to longer UE wake-up time before PO monitoring, which can be significant with large value of (T/N).
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.
· 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
· 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.
Agreement
Confirm the following working assumption:
Working Assumption
· The paging indication field of PEI DCI format comprises of POnumPerPEI segment(s) of K bit
· K = 1, if [image: image037(11-18-20-31-35)] is absent or set to 0 or 1,
· K = [image: image037(11-18-20-31-35)], if [image: image038(11-18-20-31-35)] is configured.
· UE identifies its paging indication bit as follows:
· Let [image: image039(11-18-20-31-35)] denote the relative PO index, with starting value of 0, among the POs associated with the PEI
· [image: image040(11-18-20-31-35)] , where [image: image041(11-18-20-31-35)] are as defined in clause 7 of TS 38.304
· [image: image042(11-18-20-31-35)] when K = 1 and UE is not provided a subgroup index
· [image: image043(11-18-20-31-35)] when UE is provided a subgroup index
· UE checks the corresponding paging indication from [image: image044(11-18-20-31-35)]-th bit of the paging indication field where the starting bit index is 0
· If the corresponding paging indication value is set to ‘1’, it indicates the UE to monitor the PO
· If the corresponding paging indication value is set to ‘0’, it indicates the UE is not required to monitor the PO




According to the agreements, the reference point of the PEI-O location 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. According to TS 38.304, UE only calculates the SFN of its own PF for paging based on the UE-ID. 
	TS 38.304
The PF and PO for paging are determined by the following formulae:
SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns
…
The following parameters are used for the calculation of PF and i_s above:
T: DRX cycle of the UE (T is determined by the shortest of the UE specific DRX value(s), if configured by RRC and/or upper layers, and a default DRX value broadcast in system information. In RRC_IDLE state, if UE specific DRX is not configured by upper layers, the default value is applied).
N: number of total paging frames in T
Ns: number of paging occasions for a PF
PF_offset: offset used for PF determination
UE_ID: 5G-S-TMSI mod 1024


When the PEI is associated with one PF, the first PF is the UE’s own PF. However, if the PEI is associated with multiple PFs, the first PF is other UE’s PF, which is not accessible to UEs. Therefore, clarification of the determination of the first PF of the PF(s) associated with one PEI is needed.   
[bookmark: _Toc15007][bookmark: _Toc7872][bookmark: _Toc25972][bookmark: _Toc11330][bookmark: _Toc19332][bookmark: _Toc86840263]Clarification of the determination of the first PF of the PF(s) associated with one PEI is needed.
[bookmark: _GoBack]For a UE, the SFN of the first PF is related to the UE’s PO index () among the POs associated with the PEI. When the value of the  is smaller than Ns, the first PF is the UE’s PF. When the  is larger than Ns, the first PF is located before the UE’s PF. Take Figure 1 as an example. Assuming that one PEI associated with 4POs and the number of POs within a PF(Ns) is 2, the value of  can be 0-3. As shown in Figure 1, for the UEs monitor the PO with  = 0 or  = 1, the first PF is the UE’s PF, for the UEs monitor the PO with  = 2 or  = 3, the first PF is the PF before the UE’s PF, and the offset between the UE’s PF and the former PF is T/N radio frames.
[image: ]
Figure 1 Reference point determined by the frame-level offset

Therefore, the SFN of the first PF of the PFs associated with one PEI can be determined by .
[bookmark: _Toc24456][bookmark: _Toc4649]The SFN of the first PF of the PFs associated with one PEI can be determined by , where  is the SFN of the UE’s PF,  is a PO index among the POs associated with the PEI, , , and  are defined in TS 38.304.

According to the analysis, the following text is proposed.
[bookmark: _Toc3764][bookmark: _Toc11222][bookmark: _Toc23854][bookmark: _Toc12706]Adopt the following proposed text.
................................................................ Text Proposal for 38.213..................................................................................
[bookmark: _Toc29894868][bookmark: _Toc29917314][bookmark: _Toc29899167][bookmark: _Toc36498188][bookmark: _Toc29899585][bookmark: _Toc83289688][bookmark: _Toc45699216]10. 4A	PDCCH monitoring for early indication of paging
A UE can be provided the following for detection of a DCI format 2_7 in RRC_IDLE state or in RRC_INACTIVE state [12, TS 38.331]
-	a search space set, by peiSearchSpace, to monitor PDCCH for detection of DCI format 2_7 according to a Type2A-PDCCH CSS set as described in clause 10.1
-	a number of frames, by PEI-F_offset, from the start of a first paging frame of paging frames associated with a number of PDCCH monitoring occasions for DCI format 2_7 [17, TS 38.304] to the start of a frame.  
-	a number of symbols, by firstPDCCH-MonitoringOccasionOfPEI-O, from the start of the frame to the start of the first PDCCH monitoring occasion for DCI format 2_7
-	a size, by payloadSizeDCI_format2_7
-	a number of subgroups per paging occasion, , by subgroupsNumPerPO
-	a number of paging occasions associated with the number of PDCCH monitoring occasions for DCI format 2_7, , by PONumPerPEI
A paging indication field of DCI format 2_7 includes  segments of  bits, where  if  and  if  is not provided or . For a subgroup index , , a UE determines a value for the  bit in the paging indication field, where  is a paging occasion index, and , , , and  are defined in [17, TS 38.304]. When the value is ‘1’, the UE monitors a paging occasion determined according to [17, TS 38.304]; otherwise, the UE is not required to monitor the paging occasion.
The SFN of the first paging frame of paging frames is determined by , where  is the SFN of the UE’s PF, and , , and  are defined in [17, TS 38.304]. 
................................................................ Text Proposal for 38.213..................................................................................

· Range of frame-level offset and symbol level offset
As shown in Figure 1, the frame-level offset is the offset from a reference point to the start of the first PF of PFs associated with one PEI, where the reference point is the start of a reference frame for PEI determination. 
According to our simulation results in [3], when there is one or more SSBs between the PO and the corresponding PEI, UE can obtain a larger power saving gain. Therefore, the maximum value of the frame-level offset should meet the requirement that there are one or more SSBs between the reference point and the PO. Based on the above analysis, we suggest that the maximum value of the frame-level offset should be larger than or equal to N times SSB transmission period. According to the model of UE processing timeline in RRC idle/inactive state, three SSBs are needed in the low SINR scenario, or Redcap UE. Therefore, it is reasonable to consider N=3. That is, the value of frame-level offset is 6. For the minimum the frame-level offset, a value of 0 can be also considered. It should be noted that when the frame-level offset is 0, symbol-level offset should be configured reasonably so that PEI is located in front of the PO. So the range of the frame-level offset can be 0-6.
[bookmark: _Toc21713][bookmark: _Toc29884][bookmark: _Toc4177][bookmark: _Toc4704]The range of the frame-level offset can be {0, 1, 2, 3, 4, 5, 6}.

The symbol-level offset refers to the offset from the reference point to the start of the first PDCCH monitoring occasion of PEI, which is provided by firstPDCCH-MonitoringOccasionOfPEI-O. 
As the frame-level offset can locate the PEI to an RF level, it is sufficient to define the range of symbol-level offset to be no larger than an RF. Therefore, the range of the symbol-level offset is suggested as 0-139 for 15 KHz SCS, 0-279 for 30KHz SCS, 0-559 for 60KHz SCS, 0-1119 for 120KHz SCS 
[bookmark: _Toc29450][bookmark: _Toc23193]The range of the symbol-level offset is suggested as 0-139 for 15 KHz SCS, 0-279 for 30KHz SCS, 0-559 for 60KHz SCS, 0-1119 for 120KHz SCS. 

· Determination of frame-level offset and symbol-level offset
As discussed in previous meeting, the number of the POs associated with one PEI is configurable via SIB for the cell with the value range of {1, 2, 4, 8}. The number of POs within a PF can be {1, 2, 4}. When the number of the POs associated with one PEI () is smaller than the number of POs in one PF (Ns), the situation that multiple POs in one PF correspond to multiple PEIs will occur. It is natural that the PEIs corresponding to the multiple POs in the one PF is located in the same RF. Therefore, one frame-level offset is enough for the PEI-to-PO mapping. Meanwhile, similar with firstPDCCH-MonitoringOccasionOfPO, more than one symbol-level offset is needed to distinguish different PEIs in an RF. Similar to firstPDCCH-MonitoringOccasionOfPO, the symbol-level offset should be configured as list whose size depends on the number of PEIs corresponds to the same one reference point. When one frame-level offset is configured, there will be (Ns/) PEIs correspond to the same reference point.
[bookmark: _Toc5476][bookmark: _Toc2754]One frame-level offset and multiple symbol-level offsets are needed for the PEI-to-PO mapping when the number of the POs associated with one PEI () is smaller than the number of POs in one PF ().
[image: ]
Figure 2 Symbol-level offset for PEI location determination

As shown in Figure 2, it is assumed that one PEI is associated with 2POs and the number of POs within a PF() is 4. In this case, one frame-level offset is needed to define the reference point and two symbol-level offset are needed to differentiate the location of two PEIs. For UE monitoring PO with  =0 or  =1, the UE determines the PEI location according to the first value configured by symbol-level offset. For UE monitoring PO with =2 or  =3, the UE determines the PEI location based on the second value configured by symbol-level offset. To this end, the symbol-level offset of the PEI corresponding to the (+ 1)th PO is the (floor(( + 1)/)+1)th value configured by the symbol-level offset.
[bookmark: _Toc2872][bookmark: _Toc18236]The symbol-level offset of the PEI corresponding the ( + 1)th PO is the (floor(( + 1)/)+1)th value configured by the symbol-level offset.

[bookmark: _Toc22563][bookmark: _Toc19439]Transmission power of PEI
The transmission power of PEI needs to be determined. And the transmission power determination method of paging PDCCH can be reused. Therefore, the following text is proposed.
[bookmark: _Toc7618][bookmark: _Toc6524][bookmark: _Toc13466]Adopt the following proposed text.
................................................................ Text Proposal for 38.213..................................................................................
[bookmark: _Toc36498135][bookmark: _Toc29894807][bookmark: _Toc29899524][bookmark: _Toc45699161][bookmark: _Toc66974039][bookmark: _Toc26719376][bookmark: _Toc29899106][bookmark: _Toc12021439][bookmark: _Toc29917261][bookmark: _Toc20311551]4.1	Cell search
Cell search is the procedure for a UE to acquire time and frequency synchronization with a cell and to detect the physical layer Cell ID of the cell. 
A UE receives the following synchronization signals (SS) in order to perform cell search: the primary synchronization signal (PSS) and secondary synchronization signal (SSS) as defined in [4, TS 38.211]. 
A UE assumes that reception occasions of a physical broadcast channel (PBCH), PSS, and SSS are in consecutive symbols, as defined in [4, TS 38.211], and form a SS/PBCH block. The UE assumes that SSS, PBCH DM-RS, and PBCH data have same EPRE. The UE may assume that the ratio of PSS EPRE to SSS EPRE in a SS/PBCH block is either 0 dB or 3 dB. If the UE has not been provided dedicated higher layer parameters, the UE may assume that the ratio of PDCCH DMRS EPRE to SSS EPRE is within -8 dB and 8 dB when the UE monitors PDCCHs for a DCI format 1_0 with CRC scrambled by SI-RNTI, P-RNTI, or RA-RNTI, and DCI format 2_7 with CRC scrambled by PEI-RNTI. 
............................................................... Text Proposal for 38.213..................................................................................


Conclusion
In this contribution, we discuss the remaining issues of power saving enhancement schemes for paging. We have the following proposals.
Proposal 1: Clarification of the determination of the first PF of the PF(s) associated with one PEI is needed.
Proposal 2: The SFN of the first PF of the PFs associated with one PEI can be determined by , where SFN_PO is the SFN of the UE’s PF, i_PO is a PO index among the POs associated with the PEI, , , and  are defined in TS 38.304.
Proposal 3: Adopt the following proposed text.
	................................................................ Text Proposal for 38.213..................................................................................
10. 4A	PDCCH monitoring for early indication of paging
A UE can be provided the following for detection of a DCI format 2_7 in RRC_IDLE state or in RRC_INACTIVE state [12, TS 38.331]
-	a search space set, by peiSearchSpace, to monitor PDCCH for detection of DCI format 2_7 according to a Type2A-PDCCH CSS set as described in clause 10.1
-	a number of frames, by PEI-F_offset, from the start of a first paging frame of paging frames associated with a number of PDCCH monitoring occasions for DCI format 2_7 [17, TS 38.304] to the start of a frame.  
-	a number of symbols, by firstPDCCH-MonitoringOccasionOfPEI-O, from the start of the frame to the start of the first PDCCH monitoring occasion for DCI format 2_7
-	a size, by payloadSizeDCI_format2_7
-	a number of subgroups per paging occasion, , by subgroupsNumPerPO
-	a number of paging occasions associated with the number of PDCCH monitoring occasions for DCI format 2_7, , by PONumPerPEI
A paging indication field of DCI format 2_7 includes  segments of  bits, where  if  and  if  is not provided or . For a subgroup index , , a UE determines a value for the  bit in the paging indication field, where  is a paging occasion index, and , , , and  are defined in [17, TS 38.304]. When the value is ‘1’, the UE monitors a paging occasion determined according to [17, TS 38.304]; otherwise, the UE is not required to monitor the paging occasion.
The SFN of the first paging frame of paging frames is determined by , where  is the SFN of the UE’s PF, and , , and  are defined in [17, TS 38.304]. 
................................................................ Text Proposal for 38.213..................................................................................


Proposal 4: The range of the frame-level offset can be {0, 1, 2, 3, 4, 5, 6}.
Proposal 5: The range of the symbol-level offset is suggested as 0-139 for 15 KHz SCS, 0-279 for 30KHz SCS, 0-559 for 60KHz SCS, 0-1119 for 120KHz SCS.
Proposal 6: One frame-level offset and multiple symbol-level offsets are needed for the PEI-to-PO mapping when the number of the POs associated with one PEI () is smaller than the number of POs in one PF ().
Proposal 7: The symbol-level offset of the PEI corresponding the ( + 1)th PO is the (floor(( + 1)/)+1)th value configured by the symbol-level offset.
Proposal 8: Adopt the following proposed text.

	................................................................ Text Proposal for 38.213..................................................................................
4.1	Cell search
Cell search is the procedure for a UE to acquire time and frequency synchronization with a cell and to detect the physical layer Cell ID of the cell. 
A UE receives the following synchronization signals (SS) in order to perform cell search: the primary synchronization signal (PSS) and secondary synchronization signal (SSS) as defined in [4, TS 38.211]. 
A UE assumes that reception occasions of a physical broadcast channel (PBCH), PSS, and SSS are in consecutive symbols, as defined in [4, TS 38.211], and form a SS/PBCH block. The UE assumes that SSS, PBCH DM-RS, and PBCH data have same EPRE. The UE may assume that the ratio of PSS EPRE to SSS EPRE in a SS/PBCH block is either 0 dB or 3 dB. If the UE has not been provided dedicated higher layer parameters, the UE may assume that the ratio of PDCCH DMRS EPRE to SSS EPRE is within -8 dB and 8 dB when the UE monitors PDCCHs for a DCI format 1_0 with CRC scrambled by SI-RNTI, P-RNTI, or RA-RNTI, and DCI format 2_7 with CRC scrambled by PEI-RNTI. 
............................................................... Text Proposal for 38.213..................................................................................
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