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Introduction
The intention of this contribution is to discuss the remaining issues on the NR paging.
Discussion
At last meeting, RAN2 has discussed Paging mechanism and achieved agreements on default association and non-association paging mechanism. Based on the PF/PO formula, the UE can derive Paging frame based on UE IMSI.
For non-default association paging mechanism, the UE and gNB can identify PO in the PF based on pagingSearchSpace which is defined in TS 38.331.
However, based on the ASN.1 definition for CSS (i.e. pagingSearchSpace), it seems the ASN.1 provide more flexibility to confine the PO in limited radio frames to avoid processing beam sweeping in every radio frame. For example, in case nB = T, the NW can configure all the POs on radio frames with odd SFN and have two POs in each radio frame, which can be helpful to avoid the overlapping between the transmission of SSB/RMSI and the paging. 
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Figure 1: Flexible configuration of pagingSearchSpace
As shown in the figure 1, if nB = T, then based on the definition of PF/PO formula, each radio frame must have one PO for UE. But in some radio frames, like in the First paging frame in the figure, there may be a SSB set. It is possible that paging may not coexist with SSB set in the same radio frame. Then to mitigate this issue, gNB may move the PO of first paging frame to the Second paging frame based on the CSS (e.g. pagingSearchSpace ) configuration. In this way, the system keeps the same paging capacity and mitigate the conflict of SSB set period with Paging. However, the current PF/PO formula does not support such flexible configuration.
Since the formula for PF calculation restrict the configuration of CSS (i.e.pagingSearchSpace ) for Paging, we want to confirm whether the restriction has been made intentionally or some revision for the PF formula is needed to align with the flexibility provided by the ASN.1 of CSS.
Observation 1: Since the formula for PF calculation restricts the configuration of CSS (i.e. pagingSearchSpace) for Paging (compared to the flexibility provided by ASN.1 for CSS), it is necessary to clarify whether PF/PO formula needs to change in order allow the flexibility provided by configuration of pagingSearchSpace.

ISSUE 2: How to determine the number of POs included within one common search space period?
In the previous meeting, the duration has been introduced in the structure of search space, and the intention of the “duration” is to cover the “beam sweeping time”. Based on the ASN.1 of search space, for each period, one slot level duration time can be configured, and for each slot within the duration time, multiple PDCCH occasion (CORESET time instance located on different symbol within one slot) can be configured. The number of PDCCH occasions within one duration time is: 
· Search space Duration * number of PDCCH occasions within one slot.: 
Since the number of PDCCH occasion within one duration time can be multiple of the number of PDCCH occasion required for one round of beam sweeping, it should be clarified whether it is possible to have multiple Pos within one duration time of search space.  
Observation 2: It should be clarified whether it is possible to have multiple POs within one “duration time” of search space.
If it is possible to have multiple POs within one “duration time” of search space, it should be clarified first that how to determine the number of POs within one duration time. Since the time (e.g. PDCCH occasion) required for beam sweeping depends on how many beams can be transmitted simultaneously on NW side, we think the length of PO need to be configured to UE explicitly.
For example, if there are four transmitted SSB, which is associated with four beams, and the NW can send paging message on two beam simultaneously, the NW can process the beam sweeping with only two PDCCH occasion in time domain, and the length of PO should be two PDCCH occasion.
Observation 3: If it is possible to have multiple POs within one “duration time” of search space, how to determine the number of POs within one duration time should be clearly specified (e.g. the length of PO should be configured to UE explicitly).

ISSUE 3: Whether UE is required to monitor all the PDCCH occasion within the mapped PO?
Since multiple PDCCH occasion can be included in one PO for the purpose of beam sweeping, it should be clarified that the UE is required to monitor all the PDCCH occasion within the PO, until any paging message is received. 
Observation 4: It should be clarified that the UE is required to monitor all the PDCCH occasions within the mapped PO, until the paging message is received.
Conclusion 
Based on all the analysis above, we give our observations as:
Observation 1: Since the formula for PF calculation restricts the configuration of CSS (i.e. pagingSearchSpace) for Paging (compared to the flexibility provided by ASN.1 for CSS), it is necessary to clarify whether PF/PO formula needs to change in order allow the flexibility provided by configuration of pagingSearchSpace.
Observation 2: It should be clarified whether it is possible to have multiple POs within one “duration time” of search space.
Observation 3: If it is possible to have multiple POs within one “duration time” of search space, how to determine the number of POs within one duration time should be clearly specified (e.g. the length of PO should be configured to UE explicitly).
Observation 4: It should be clarified that the UE is required to monitor all the PDCCH occasions within the mapped PO, until the paging message is received.
Annex A: The description about paging in 38.304
[bookmark: _Toc515865588][bookmark: _Toc468872192]7.1	Discontinuous Reception for paging
The UE may use Discontinuous Reception (DRX) in RRC_IDLE and RRC_INACTIVE state in order to reduce power consumption. The UE monitors one paging occasion (PO) per DRX cycle. A PO is a set of PDCCH monitoring occasions and can consist of multiple time slots (e.g. subframe or OFDM symbol) where paging DCI can be sent [4]. One Paging Frame (PF) is one Radio Frame and may contain one or multiple PO(s) or starting point of a PO. 
In multi-beam operations, the length of one PO is one period of beam sweeping and the UE can assume that the same paging message is repeated in all beams of the sweeping pattern and thus the selection of the beam(s) for the reception of the paging message is up to UE implementation. The paging message is same for both RAN initiated paging and CN initiated paging.
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PF, PO 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 start of a set of PDCCH monitoring occasions for the paging DCI, is determined by: 
i_s = floor (UE_ID/N) mod Ns; where, Ns = max (1, nB/T)
The PDCCH monitoring occasions for paging are determined according to paging-SearchSpace if configured and according to the default association (i.e. PDCCH monitoring occasions for paging are same as for RMSI as defined in Section 13 in [4]) otherwise. 
[bookmark: _Hlk515815985]For default association, Ns is either 1 or 2. For Ns = 1, there is only one PO which starts in the PF. For Ns = 2, PO is either in the first half frame (i_s = 0) or the second half frame (i_s = 1) of the PF.
For non-default association (i.e. when paging-SearchSpace is used), the UE monitors the (i_s + 1)th PO where the first PO starts in the PF.
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, if configured by RRC or upper layers, and a default DRX value broadcast in system information. If UE specific DRX is not configured by upper layers, the default value is applied) 
nB: number of total paging occasions in T
N: min(T,nB) 
PF_offset: offset used for PF determination
UE_ID: IMSI mod 1024
Parameters nB, PF_offset, and the length of default DRX Cycle are signaled in SystemInformationBlock1. 
If the UE has no IMSI, for instance when making an emergency call without USIM, the UE shall use as default identity UE_ID = 0 in the PF and i_s formulas above.
IMSI is given as sequence of digits of type Integer (0..9). IMSI shall in the formulae above be interpreted as a decimal integer number, where the first digit given in the sequence represents the highest order digit.
For example:
	IMSI = 12 (digit1=1, digit2=2)
In the calculations, this shall be interpreted as the decimal integer "12", not "1x16+2 = 18".

Annex A: The description about paging in 38.304
–	SearchSpace
The IE SearchSpace defines how/where to search for PDCCH candidates. Each search space is associated with one ControlResourceSet.
SearchSpace information element
-- ASN1START
-- TAG-SEARCHSPACE-START

SearchSpace ::= 						SEQUENCE {
	searchSpaceId							SearchSpaceId,
[bookmark: _Hlk508859624]	controlResourceSetId					ControlResourceSetId												
		OPTIONAL, 	-- Cond SetupOnly
	monitoringSlotPeriodicityAndOffset		CHOICE {
		sl1										NULL, 
		sl2										INTEGER (0..1), 
		sl4										INTEGER (0..3), 
		sl5 									INTEGER (0..4),
		sl8										INTEGER (0..7), 
		sl10 									INTEGER (0..9),
		sl16 									INTEGER (0..15),
[bookmark: _GoBack]		sl20 									INTEGER (0..19),
		sl40 									INTEGER (0..39),
		sl80 									INTEGER (0..79),
		sl160 									INTEGER (0..159),
		sl320 									INTEGER (0..319),
		sl640 									INTEGER (0..639),
		sl1280 									INTEGER (0..1279),
		sl2560 									INTEGER (0..2559)
	}																													
OPTIONAL,	-- Cond Setup
	duration								INTEGER (2..2559)														
	OPTIONAL,	-- Need R
	monitoringSymbolsWithinSlot				BIT STRING (SIZE (14))													
	OPTIONAL, 	-- Cond Setup
	nrofCandidates							SEQUENCE {
		aggregationLevel1						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
		aggregationLevel2						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
		aggregationLevel4						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
		aggregationLevel8						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8},
[bookmark: _Hlk508861657]		aggregationLevel16						ENUMERATED {n0, n1, n2, n3, n4, n5, n6, n8}
	}																												
	OPTIONAL,	-- Cond Setup
	searchSpaceType							CHOICE {
		common									SEQUENCE {
			dci-Format0-0-AndFormat1-0				SEQUENCE {
				...
			}																										
	OPTIONAL,	-- Need R
			dci-Format2-0							SEQUENCE {
				nrofCandidates-SFI						SEQUENCE {
					aggregationLevel1						ENUMERATED {n1, n2}										
	OPTIONAL,	-- Need R
					aggregationLevel2						ENUMERATED {n1, n2}										
	OPTIONAL,	-- Need R
					aggregationLevel4						ENUMERATED {n1, n2}											
OPTIONAL,	-- Need R
					aggregationLevel8						ENUMERATED {n1, n2}										
	OPTIONAL,	-- Need R
					aggregationLevel16						ENUMERATED {n1, n2}										
	OPTIONAL	-- Need R
				},
				...
			}																										
	OPTIONAL,	-- Need R
			dci-Format2-1							SEQUENCE {
				...
			}																										
	OPTIONAL,	-- Need R
			dci-Format2-2							SEQUENCE {
				...
			}																										
	OPTIONAL,	-- Need R
			dci-Format2-3							SEQUENCE {
				monitoringPeriodicity					ENUMERATED {n1, n2, n4, n5, n8, n10, n16, n20 }					OPTIONAL, 	-- Cond Setup
				nrofPDCCH-Candidates					ENUMERATED {n1, n2},
				...
			}																										
	OPTIONAL	-- Need R
		},
		ue-Specific								SEQUENCE {
			dci-Formats								ENUMERATED {formats0-0-And-1-0, formats0-1-And-1-1},
			... 
		}
	}																												
	OPTIONAL	-- Cond Setup
}

-- TAG-SEARCHSPACE-STOP
-- ASN1STOP

	SearchSpace field descriptions

	common
Configures this search space as common search space (CSS) and DCI formats to monitor.

	controlResourceSetId
The CORESET applicable for this SearchSpace. Value 0 identifies the common CORESET configured in MIB and in ServingCellConfigCommon Values 1..maxNrofControlResourceSets-1 identify CORESETs configured by dedicated signalling

	dci-Format0-0-AndFormat1-0
If configured, the UE monitors the DCI formats 0_0 and 1_0 with CRC scrambled by C-RNTI, CS-RNTI (if configured), SP-CSI-RNTI (if configured), RA-RNTI, TC-RNTI, P-RNTI, SI-RNTI

	dci-Format2-0
If configured, UE monitors the DCI format format 2_0 with CRC scrambled by SFI-RNTI

	dci-Format2-1
If configured, UE monitors the DCI format format 2_1 with CRC scrambled by INT-RNTI

	dci-Format2-2
If configured, UE monitors the DCI format 2_2 with CRC scrambled by TPC-PUSCH-RNTI or TPC-PUCCH-RNTI

	dci-Format2-3
If configured, UE monitors the DCI format 2_3 with CRC scrambled by TPC-SRS-RNTI

	dci-Formats
Indicates whether the UE monitors in this USS for DCI formats 0-0 and 1-0 or for formats 0-1 and 1-1.

	duration
Number of consecutive slots that a SearchSpace lasts in every occasion, i.e., upon every period as given in the periodicityAndOffset. If the field is absent, the UE applies the value 1 slot. The maximum valid duration is periodicity-1 (periodicity as given in the monitoringSlotPeriodicityAndOffset).

	monitoringPeriodicity
Monitoring periodicity of SRS PDCCH in number of slots for DCI format 2-3. Corresponds to L1 parameter 'SRS-monitoring-periodicity' (see 38.212, 38.213, section 7.3.1, 11.3)

	monitoringSlotPeriodicityAndOffset
Slots for PDCCH Monitoring configured as periodicity and offset. Corresponds to L1 parameters 'Montoring-periodicity-PDCCH-slot' and 'Montoring-offset-PDCCH-slot' (see 38.213, section 10)

	monitoringSymbolsWithinSlot
Symbols for PDCCH monitoring in the slots configured for PDCCH monitoring (see monitoringSlotPeriodicityAndOffset). The most significant (left) bit represents the first OFDM in a slot. The least significant (right) bit represents the last symbol. Corresponds to L1 parameter 'Montoring-symbols-PDCCH-within-slot' (see 38.213, section 10)

	nrofCandidates-SFI
The number of PDCCH candidates specifically for format 2-0 for the configured aggregation level. If an aggregation level is absent, the UE does not search for any candidates with that aggregation level. Corresponds to L1 parameters 'SFI-Num-PDCCH-cand' and 'SFI-Aggregation-Level' (see 38.213, section 11.1.1).

	nrofCandidates
Number of PDCCH candidates per aggregation level. Corresponds to L1 parameter 'Aggregation-level-1' to 'Aggregation-level-8'. The number of candidates and aggregation levels configured here applies to all formats unless a particular value is specified or a format-specific value is provided (see inside searchSpaceType). (see 38.213, section 10)

	nrofPDCCH-Candidates
The number of PDCCH candidates for DCI format 2-3 for the configured aggregation level. Corresponds to L1 parameter 'SRS-Num-PDCCH-cand' (see 38.212, 38.213, section 7.3.1, 11.3)

	searchSpaceId
Identity of the search space. SearchSpaceId = 0 identifies the SearchSpace configured via PBCH (MIB) or ServingCellConfigCommon. The searchSpaceId is unique among the BWPs of a Serving Cell.

	searchSpaceType
Indicates whether this is a common search space (present) or a UE specific search space as well as DCI formats to monitor for.

	ue-Specific
Configures this search space as UE specific search space (USS). The UE monitors the DCI format with CRC scrambled by C-RNTI, CS-RNTI (if configured), TC-RNTI (if a certain condition is met), and SP-CSI-RNTI (if configured)
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