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1	Introduction
RAN2 managed to agree basis for paging frame and occasion determination.
2	Paging Frame and Occasion determination summary
In RAN2 it was agreed that each paging occasion covers the whole beam sweep i.e. from UE point of view it does not matter which of “beams” UE uses for paging reception as NW will transmit the same paging message in all beam occasions. So from UE point of view there is no need to listen to whole beaming sweep as long as UE is confident enough to know which of the beams is best for reception. This is captured in 38.304:
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.
Paging frame calculation is determined by similar formulae as in LTE apart from offset which can be used to “move” PF to collide with SSB:
 (SFN + PF_offset) mod T = (T div N)*(UE_ID mod N) 
Then the index of paging occasion (PO) – not actual paging occasion but just the index which is then used determine actual slot of PO. 
i_s = floor (UE_ID/N) mod Ns; where, Ns = max (1, nB/T)
Now the actual paging occasion is determined differently depending whether paging-SearchSpace is configured or not. If it is configured so far we have not yet defined in which actual slot the paging occasion is
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
Observation 1: When paging-SearchSpace is configured is missing details of where the actual paging slot is located
and when this is not configured:
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.
Additionally, for default association there is clarification in parentheses saying:
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.
So for default association paging occasions UE will follow same PDCCH monitoring occasions as done for RMSI but considering this it seems to be contradicting to distribute UEs with default association to first/second half frames as RMSI is only sent on one of those. Also in our understanding the definition of ‘association’ in RAN1 in this context relates only whether UE is to account all possible SSB or only the transmitted SSBs when determining the PDCCH monitoring occasion. RAN1 has not agreed yet what is the default search space (i.e. PDCCH monitoring occasion pattern) for paging (nor OSI), as discussed in next section.
Observation 2:  Regardless of RAN1 not yet having agreed what is default search space for paging (nor OSI) and maintaining the parantheses in RAN2 specification it seems to be open that how UE monitors paging if RMSI monitoring occasions does not happen in allocated half frame (when Ns=2).
Considering RAN1 agreement (or more lack of agreements) and inclarity of Ns=2 handling we propose to modify the text  by removing parentheses part of 38.304. 
Proposal: Remove the “association (i.e. PDCCH monitoring occasions for paging are same as for RMSI as defined in Section 13 in [4. 
3	Analysis of using RMSI PDCCH monitoring occasions as a default for paging PDCCH monitoring
In this section we raise some additional aspects related to the RAN2 assumption to use same PDCCH monitoring occasion for paging and RMSI (as captured in latest 38.304):
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.
It is good to note that RAN1, as captured in latest version of 38.213, has only agreed to use same association between SSB indexes and PDCCH monitoring occasions, but has not yet agreed how the default PDCCH monitoring occasions (i.e. default search space) for paging would be defined. Like noted in Section 2, the definition of ‘association’ in RAN1 in this context relates only whether UE is to account all possible SSB or only the transmitted SSBs when determining which PDCCH monitoring occasion of the pattern to monitor. I.e. determine the monitored occasion based on the actual SSB index, or like when determining the PRACH occasion mapping, account only the SSBs that are actually sent in the given cell. Like for PRACH, this would allow concatenating paging sweep, even if non consecutive SSB locations are used to  transmit SSBs.
When considering the PDCCH monitoring pattern for RMSI multiplexing patterns 2&3, the periodicity of the monitoring occasions follows the periodicity of SSBs, and can be up to 160ms and thus also paging occasions can only occur as frequently with default association. Patterns 2&3 are applicable for FR2 and using frequent transmission of RMSI does not make sense from overhead point of view thus also implicitly paging capacity becomes very small and it seems to be impractical to really utilize pattern 2&3 so that paging monitoring occurs with same slots as RMSI. 
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Observation 3: Pattern 2&3 with scheduling paging in same CORESET as RMSI is not practical
For RMSI monitoring pattern 1, the monitoring occasions occur only once every SFNmod2=0, i.e. every 20ms. Thus  paging occasions would need to be spread accordingly. 
Additionally, in context of all patterns we need to consider how the multiplexing PDCCH for RMSI and Paging can be done:
The aggregation levels (and number of candidates) supported for paging (Type2-PDCCH) are determined in table 10.1 in 38.213:
	Table 10.1-1: CCE aggregation levels and maximum number of PDCCH candidates per CCE aggregation level for common search space sets configured by searchSpace-SIB1
	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	1







Assuming at least AL=8 is needed for cell edge in typical macro environment PDCCH for RMSI and paging can be multiplexed only in part of the RMSI CORESET configurations as shown in the following table. Given above table from 38.213, with AL=16 there is only one candidate and that is expected to be used by RMSI. 

	CORESET size [#PRBs x #symbols]
	PDCCH for RMSI and Paging can be transmitted in the same CORESET?
	Bandwidth required [MHz] per SCS

	
	AL = 8
	AL = 16
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	24x2
	No
	N/A
	5 MHz
	10 MHz
	20 MHz
	40 MHz

	24x3
	No
	N/A
	5 MHz
	10 MHz
	20 MHz
	40 MHz

	48x1
	No
	N/A
	10 MHz
	20 MHz
	40 MHz
	80 MHz

	48x2
	Yes
	N/A
	10 MHz
	20 MHz
	40 MHz
	80 MHz

	48x3
	Yes
	No
	10 MHz
	20 MHz
	40 MHz
	80 MHz

	96x1
	Yes
	No
	20 MHz
	40 MHz
	80 MHz
	160 MHz

	96x2
	Yes
	No
	20 MHz
	40 MHz
	80 MHz
	160 MHz

	96x3
	Yes
	No
	20 MHz
	40 MHz
	80 MHz
	160 MHz



Observation 4: With AL=16 no paging can be transmitted in the same CORESET as RMSI. 
Observation 5: PDCCH for RMSI and paging can be multiplexed only with certain CORESET size configurations.
Observation 6: With 120 kHz SCS ones needs at least 80MHz bandwidth to even have possibility for scheduling paging in same CORESET as RMSI
Based on all the above observations we can see that using same PDCCH monitoring occasion as a default for paging as for RMSI would not seem to work in many instances. Thus RAN2 should ensure that the PO design is such that it allows RAN1 to determine proper default search space configuration for paging.  Furthermore it is critical to define and analyze properly how to define POs in case of paging-SearchSpace  is configured
Proposal: reconsider how default search space for paging should be defined in such a way that it can provide decent capcity and performance. If needed send a LS to RAN1 to consult them.
4	Paging when paging-SearchSpace is configured
When paging-SearchSpace is configured there is more freedom to indicate actual time positions of POs and thus it is possible to have greater capacity for paging than with default association. Naturally there are some restrictions here as well e.g. TDD UL/DL patterns limit possible available DL slots. Additionally, X slots (partly DL, partly UL) could be possibly be utilized for paging purposes.
Observation 7: TDD UL/DL patterns limit available slots for paging
TDD UL/DL patterns is configured to UE via one or two concatenated slot patterns which repeat in time. The configuration for each pattern, where some of the slots can be defined as downlink slots (‘D’) containing only DL symbols, bi-directional (i.e. flexible) (‘X’) containing both downlink and uplink symbols or uplink only slots  (‘U’) containing only UL symbols. Pattern will have a time period configured, together with sub-carrier spacing (to determine the slots). The configuration for each pattern provides the number of full DL slots (from the start of the period), the number of DL symbols immediately following the last full DL slot, the number of full UL slots (from the end of the period), and the number of UL symbols immediately preceding the first full UL slot. In order to optimize scheduling it should be possible to configure any of possible slots to be a paging occasion.
Proposal: It should be possible to configure any slots containing DL to be a paging occasion
The length of each TDD UL/DL pattern can be up to 10ms, which results then that whole repetition rate of UL/DL pattern can be up to 20ms (2 patterns concatenated). With SCS of 15Khz slot duration is 1ms, which then results in 20 slots which are repeated. But with SCS of 120Khz UL/DL patterns may consist of 160 slots.
One could just configure a bitmap (e.g. bits set to 1 are paging occasions) with sufficient amount of coverage e.g.160 bits to cover 120kHz and 20ms UL/DL repetition. If such a configuration is adopted NW needs to ensure that appropriate slots are configured for paging purposes (e.g. NW does not configure UL slot for paging). One could always configure 160bits bitmap and it would handle each and every scenario but of course in SIB1 this kind of overhead is bit excessive. Easily one could consider UL/DL pattern periodicity as well as SCS to limit the size of required bitmap. 
paginOccasionSlots-r152 ::=		CHOICE {
	scs15-tddrepetition2ms-r15				BIT STRING (SIZE (2)),
	scs15-tddrepetition5ms-r15				BIT STRING (SIZE (5)),
	// and so on
	scs30-tddrepetition1ms-r15				BIT STRING (SIZE (2)),
	scs30-tddrepetition2ms-r15				BIT STRING (SIZE (4)),
	// and so on
	scs120-tddrepetition0_5ms-r15			BIT STRING (SIZE (4)),
	scs120-tddrepetition0_625ms-r15			BIT STRING (SIZE (5)),
	// and so on

}

Proposal: Signal bitmap in optimal manner taking into account configured TDD UL/DL pattern and SCS

5	Conclusion
In this paper we discussed paging in NR and came to following proposals:
Observation 1: When paging-SearchSpace is configured is missing details of where the actual paging slot is located
Observation 2:  Regardless of RAN1 not yet having agreed what is default search space for paging (nor OSI) and maintaining the parantheses in RAN2 specification it seems to be open that how UE monitors paging if RMSI monitoring occasions does not happen in allocated half frame (when Ns=2).
Proposal 1: Remove the “association (i.e. PDCCH monitoring occasions for paging are same as for RMSI as defined in Section 13 in [4. 
Observation 3: Pattern 2&3 with scheduling paging in same CORESET as RMSI is not practical
Observation 4: With AL=16 no paging can be transmitted in the same CORESET as RMSI. 
Observation 5: PDCCH for RMSI and paging can be multiplexed only with certain CORESET size configurations.
Observation 6: With 120 kHz SCS ones needs at least 80MHz bandwidth to even have possibility for scheduling paging in same CORESET as RMSI
[bookmark: _GoBack]Observation 7: TDD UL/DL patterns limit available slots for paging 
Proposal 2: It should be possible to configure any slots containing DL to be a paging occasion
Proposal 3: Signal bitmap in optimal manner taking into account configured TDD UL/DL pattern and SCS

Annex TDD-UL-DL-Config
[bookmark: _Toc510018704]–	TDD-UL-DL-Config
The TDD-UL-DL-Config IEs determines the Uplink/Downlink TDD configuration. There are both, UE- and cell specific IEs.
TDD-UL-DL-Config information element
-- ASN1START
-- TAG-TDD-UL-DL-CONFIG-START

TDD-UL-DL-ConfigCommon ::=			SEQUENCE {
	referenceSubcarrierSpacing			SubcarrierSpacing,
	pattern1							TDD-UL-DL-Pattern,
	pattern2							TDD-UL-DL-Pattern															OPTIONAL, -- Need R
	...
}

TDD-UL-DL-Pattern ::= 				SEQUENCE {
	dl-UL-TransmissionPeriodicity		ENUMERATED {ms0p5, ms0p625, ms1, ms1p25, ms2, ms2p5, ms5, ms10},
	nrofDownlinkSlots					INTEGER (0..maxNrofSlots),
	nrofDownlinkSymbols					INTEGER (0..maxNrofSymbols-1),
	nrofUplinkSlots						INTEGER (0..maxNrofSlots),
	nrofUplinkSymbols					INTEGER (0..maxNrofSymbols-1),
	...
}

TDD-UL-DL-ConfigDedicated ::=		SEQUENCE {
	slotSpecificConfigurationsToAddModList		SEQUENCE (SIZE (1..maxNrofSlots)) OF TDD-UL-DL-SlotConfig					OPTIONAL, -- Need N
	slotSpecificConfigurationsToreleaseList		SEQUENCE (SIZE (1..maxNrofSlots)) OF TDD-UL-DL-SlotIndex					OPTIONAL, -- Need N
	...
}

TDD-UL-DL-SlotConfig ::=			SEQUENCE {
	slotIndex							TDD-UL-DL-SlotIndex,
	symbols								CHOICE {
		allDownlink							NULL,
		allUplink							NULL,
		explicit							SEQUENCE {
[bookmark: _Hlk505943199]			nrofDownlinkSymbols					INTEGER (1..maxNrofSymbols-1)												OPTIONAL,	-- Need S
			nrofUplinkSymbols					INTEGER (1..maxNrofSymbols-1)												OPTIONAL	-- Need S
		}
	}
}

TDD-UL-DL-SlotIndex ::=				INTEGER (0..maxNrofSlots-1)


	TDD-UL-DL-ConfigCommon field descriptions

	referenceSubcarrierSpacing
Reference SCS used to determine the time domain boundaries in the UL-DL pattern which must be common across all subcarrier specific carriers, i.e., independent of the actual subcarrier spacing using for data transmission. Only the values 15, 30 or 60 kHz  (<6GHz) and 60 or 120 kHz (>6GHz) are applicable. The network configures a not larger than any SCS of configured BWPs for the serving cell. Corresponds to L1 parameter 'reference-SCS' (see 38.211, section FFS_Section)



	TDD-UL-DL-Pattern field descriptions

	dl-UL-TransmissionPeriodicity
Periodicity of the DL-UL pattern, see 38.211, section FFS_Section.

	nrofDownlinkSlots
Number of consecutive full DL slots at the beginning of each DL-UL pattern, see 38.213, Table 4.3.2-1. In this release, the maximum value for this field is 80.

	nrofDownlinkSymbols
Number of consecutive DL symbols in the beginning of the slot following the last full DL slot (as derived from nrofDownlinkSlots). The value 0 indicates that there is no partial-downlink slot. (see 38.211¨3, section FFS_Section).

	nrofUplinkSlots
Number of consecutive full UL slots at the end of each DL-UL pattern,  see 38.213, Table 4.3.2-1. In this release, the maximum value for this field is 80.

	nrofUplinkSymbols
Number of consecutive UL symbols in the end of the slot preceding the first full UL slot (as derived from nrofUplinkSlots). The value 0 indicates that there is no partial-uplink slot. (see 38.213, section FFS_Section)



	TDD-UL-DL-ConfigDedicated field descriptions

	slotSpecificConfigurationsToAddModList
The slotSpecificConfiguration allows overriding UL/DL allocations provided in tdd-UL-DL-configurationCommon. 



	TDD-UL-DL-SlotConfig field descriptions

	nrofDownlinkSymbols
Number of consecutive DL symbols in the beginning of the slot identified by slotIndex. If the field is absent the UE assumes that there are no leading DL symbols. (see 38.213, section FFS_Section)

	nrofUplinkSymbols
Number of consecutive UL symbols in the end of the slot identified by slotIndex. If the field is absent the UE assumes that there are no trailing UL symbols. (see 38.213, section FFS_Section)

	slotIndex
Identifies a slot within a dl-UL-TransmissionPeriodicity (given in tdd-UL-DL-configurationCommon)

	symbols
The direction (downlink or uplink) for the symbols in this slot. "allDownlink" indicates that all symbols in this slot are used for downlink; "allUplink" indicates that all symbols in this slot are used for uplink; "explicit" indicates explicitly how many symbols in the beginning and end of this slot are allocated to downlink and uplink, respectively.
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