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This document provides a summary of the corrections and proposals in AI 7.1.1.1 related to Paging.    

Paging Frame and Paging Occasion
In this section, proposals that discuss the RAN2 agreements provided in LS [1] are summarized. However, these RAN2 agreements were later revised and agreed in [3]. 
The BLUE highlights are issues that contain suggested conclusion/proposal.
The YELLOW highlights are issues that require discussion.

UL Symbols (for non-default association) 
The proposals in this section are in response to agreement #0 in [1] where it is noted to define a useful paging PDCCH monitoring occasion that doesn’t conflict with UL slots/symbols. In Section 5 copied below, from TS 38.304, RAN2 agreements already stated that “The PDCCH monitoring occasions for paging which are not overlapping with UL symbols…” 
Proposal: (MTK)
· The MOs within one PO is defined as the valid search spaces by excluding the configured search spaces with collision to UL slots/symbols indicated in RMSI.

Observation: (LGE)
· In the RAN2’s paging related agreement such as “useful paging PDCCH monitoring occasion doesn’t conflict with UL slots/symbols”, it seems not to be considered that PDCCH monitoring occasion might be in conflict with RACH occasion under flexible assignment.
· In the RAN2’s paging related agreement, following drawbacks could be occurred. 
1) Each PF has different the number of maximum available POs and each PO is in different locations. 
2) One to one mapping between SSB/PBCH blocks and paging PDCCH monitoring occasions might be an inefficient from network perspective.

Proposal for TS 38.213: (ZTE)
11.1		Slot configuration 
----omitted----
For a set of symbols of a slot indicated to a UE as useful paging PDCCH monitoring occasion, the UE does not expect the set of symbols to be indicated as uplink by higher layer parameters tdd-UL-DL-ConfigDedicated or a SFI-index field value in a DCI format 2_0. And the UE does not transmit PUSCH, PUCCH, PRACH, or SRS in the set of symbols of the slot. 
----omitted----
Proposal:
Section 11.1 of TS 38.213
---
For a set of symbols of a slot indicated to a UE by higher layer parameters pdcch-ConfigSIB1 in MasterInformationBlock for a control resource set for Type0-PDCCH common search space, the UE does not expect the set of symbols to be indicated as uplink by higher layer parameters tdd-UL-DL-ConfigurationCommon, tdd-UL-DL- ConfigurationCommon2, or tdd-UL-DL-ConfigDedicated.
For a set of symbols of a slot indicated to a UE by higher layer parameters pagingSearchSpace for a control resource set for Type2-PDCCH common search space, the UE does not expect the set of symbols to be indicated as uplink by higher layer parameters tdd-UL-DL-ConfigurationCommon, tdd-UL-DL- ConfigurationCommon2, or tdd-UL-DL-ConfigDedicated.
---
Conclusion: See agreements that have been captured in OSI summary notes.

Paging PDSCH Resource Allocation
The PDCCH monitoring occasions for paging are determined according to paging-SearchSpace if configured. Two aspects related to paging PDSCH (in non-default association) have been raised: 
· Accounting UL symbols (or number of available DL symbols) in the slot only to determine PDCCH occasions do not guarantee that PDSCH could be allocated as well (Nokia).
· UE power consideration with separate beam sweeping of paging PDCCH and paging PDSCH (MTK).

Proposal: (Nokia)
· Take into account also PDSCH allocation in time domain into determination whether PDCCH occasion is located in the slot. 
· Indicate RAN2 that it would be good to ensure that in addition to ensuring that enough symbols are present for PDCCH, space for PDSCH would also be needed.
Proposal: (MTK)
· NR supports the cross-Nslots scheduling to enable the separated beam-sweeping for Paging PDCCH and PDSCH
· The starting slot for Paging PDSCH transmission is determined by K0+N, where N can be the number of slots or ms provided by RMSI or DCI.

Comment: There seems to be ongoing RAN2 discussions on whether to support these proposals or not. Do we want to send a reply LS to RAN2 informing them of RAN1 consideration on this?


Paging Monitoring Occasions
Non-Default Association
Numerous companies have clarification questions related to RAN2 agreements, specifically on non-default associations. Specifically, on the following:
“ 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 PDCCH monitoring occasions for paging which are not overlapping with UL symbols are sequentially numbered from zero starting from the 1st PDCCH monitoring occasion for paging in the PF. The (i_s + 1)th PO is a set of 'S' consecutive PDCCH monitoring occasions for paging starting from the (i_s * S)th  PDCCH monitoring occasion for paging where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SystemInformationBlock1. The Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB. ..”
From offline discussions, the following clarifications and questions have been listed:
Q1: It is RAN1 understanding that the Paging Frame (PF) is a starting point for the first PO (defined by ‘S’ valid PDCCH monitoring occasions). In addition, the concatenated POs corresponding to one PF can overlap into the next radio frame and/or next PF
Q2: Within the UE PO for the non-default association, RAN1 felt that it should be determined which valid PDCCH monitoring occasion is associated to which SSB index to limit the UE monitoring time. RAN1 would like to ask from RAN2 whether RAN2 had considered how the SSB to PDCCH monitoring occasion association is to be determined.
Q3: Is the UE first PDCCH monitoring occasion with its first PO starts from the starting of the pagingSearchSpace? 
Q4: RAN1 discussed the agreement that PDCCH monitoring occasion is valid when it does not overlap with UL symbols. The range of slot offsets (K0) for PDSCH resource allocation that are mandatory for UE are currently under discussion in RAN1. RAN1 wondered if RAN2 has considered accounting also the number of symbols required for PDSCH allocation when determining the validity of the PDCCH monitoring occasion i.e  to enable transmitting both PDCCH (paging scheduling) and PDSCH carrying the paging message in same slot?
Q5: RAN1 would like to understand if PF_offset was intended to avoid overlapping such as to avoid the collision of valid PDCCH monitoring occasion and e.g. SSB transmission.
 Conclusion: If above questions are agreeable, send an LS to RAN2.


Proposal: (HW)
· Proposal 1: The configurable values of  ‘offset’ are {0, 1, …, max(T1,T2)-1}, where T1 and T2 are the SS/PBCH block and SMTC  periodicities, respectively, in the unit  of frames.
· 
Proposal 2: For SS/PBCH block with index , the UE determines the start of slot Oi given by:
· O0 is the first PDCCH monitor occasion slot configured by higher layer parameter;
· Oi is the slot index such that there are X DL and flexible slots between the start of slot Oi-1 and the start of slot Oi.	
A UE monitors PDCCH in the paging PDCCH common search space over X continuous DL and flexible slots starting from slot Oi.
Comment: Please check if this is still needed given the revised RAN2 agreements in [3].

Proposal: (QC)
· Following the principle of RMSI design, following equation could be used as a guideline to define the nth PDCCH monitoring occasion of i_sth PO. 
· , number of slots per frame in paging numerology)
·  is the starting offset of the 0th paging PDCCH monitoring occasion of 0th PO.
· is represented in terms of paging SCS.
· can start from the beginning of the paging search space. 
·  is the offset of n-th PDCCH monitoring occasion of i_sth PO and needs to be discussed in RAN1.
·  for different values of i_s and n need to be included in 213 spec.
Comment: Please check if this is still needed given the revised RAN2 agreements in [3].

Default Association 
For default association, the PDCCH monitoring occasions for paging are the same as for RMSI. These following issues related to default associations have been raised:
1. Overloading of the PDCCH monitoring occasions in Default Association (Nokia).
2. PF_offset (Intel).
3. Default association with Ns = 2 (Nokia).

Observation: (Nokia)
· With AL=16, paging and SIB1 cannot be scheduled in the same CORESET at a same time.
· PDCCH for RMSI and paging can be multiplexed (sent at same time) only with sufficiently large CORESET size configurations (BW min. 48RBs).
· With 120 kHz SCS ones needs at least 80MHz bandwidth to even have possibility for scheduling paging in same CORESET as RMSI
· To avoid overloading of the PDCCH monitoring occasions with RMSI pattern 2 and 3, system overhead would need to be increased (by sending SSBs more frequently).
·  Overloading of Type0-DPCCH monitoring occasions could be mitigated by introducing separate default search space for paging delivery (Type2-PDCCH)/ SI delivery (Type0A-PDCCH)..
Proposal: 
· Define a separate default search space for paging delivery (Type2-PDCCH)
· Define a default (separate) search space for SI delivery (Type0A-PDCCH)
Conclusion: See agreements that have been captured in OSI summary notes.

Proposal: (Intel)
· Have further discussion on potential PDCCH monitoring occasion and paging monitoring occasion mis-match in RAN1.

Comment: Further discussion on the applicability of PF_offset since the PDCCH monitoring occasion is dependent on which SSB the UE has chosen for reception in the IDLE mode. gNB doesn’t have the information to configure PF_offset that is applicable to all UEs. 

Online conclusion: Further discussions with companies RAN2 colleagues and clarifications should be initiated from RAN2. 


Proposal: (Nokia)
· Observation: Distributing the users to different half-frames by setting Ns=2 for default association does not seem useful configuration.
· Proposal: In LS response to RAN2 it is indicated that from RAN1 perspective Ns=2 with default association does not seem practical.
Comment: For Pattern 1, NS can only be equal to 1. Regarding usefulness, isn’t it why the specs also support non-default association?
Online Conclusion: This is not considered as essential correction.


pagingSearchSpace Duration
In [13], RAN2 LS stated the following:
· For other search spaces: Add a "duration" to the SearchSpace. The "duration" defines the number of slots that a SearchSpace lasts in every occasion (at every period as given in the periodicyAndOffset). If the field is absent, the duration is 1 slot (as it was so far). The duration is in the range 2..periodicity-1 (periodicity as given in the monitoringSlotPeriodicityAndOffset).
The following proposal is for reconsideration of the above agreement in RAN2.

Proposal: (DCM)
· RAN1 should discuss on the UE effort and power consumption especially for IDLE mode with PDCCH monitoring on large number of SSB beams.
· If PDCCH monitoring on all SSB beams for SIB1/RAR/OSI/paging should be avoided, Send LS to RAN2 to ask updating PDCCH common search space configuration.


Short Messages DCI
RAN2 agreements on the sending of short messages are described in [2]. Specifically, RAN2 has discussed the number of spare bits, and would like to understand how many spare bits RAN2 should define in 38.331 for different values of short message indicator. 
Q1: How many spare bits should RAN2 specify in 38.331 when scheduling information is present and also when it is not present.

Note that the Short Message transmission using DCI has been defined in TS 38.331 according to following table. 
	Bit
	Short message

	1
	systemInfoModification
If set to 1: indication of a BCCH modification other than SIB6, SIB7, SIB8 and SIB9.

	2
	etwsAndCmasIndication
If set to 1: indication of an ETWS primary notification and/or an ETWS secondary notification and/or a CMAS notification.

	3 – [8]
	Not used in this release of the specification, and shall be ignored by UE if received.



Proposal: (VIVO)
· Proposal: The length of the short message field can be set to 8, and it is up to RAN2 how to use these bits in the future.

Proposal: (MTK)
· Proposal: Confirm the working assumption that 8 bits of the short message can be carried in DCI 1_0 when scheduling information is present.
· Proposal: 35 bits of the short message can be carried in DCI 1_0 when scheduling information is not present.
Proposal: (QC)
· Observation: When scheduling information is present, current paging DCI format allocates 8 and 21 bits for short message and scheduling information respectively. When scheduling information is not present, the associated 21 bits can also be used for short message.
· Observation: RAN2 has already defined 2 bits for short paging message in Rel-15.
· Proposal: 
· RAN2 should specify 6 spare bits for short message in 38.331 when scheduling information is present.
· RAN2 should specify 27 spare bits for short message in 38.331 when scheduling information is not present.
Comment: Format 1_0 (TS 38.212 subclause 7.3.1.2.1) has a fixed Short messages bit field of [8] bits. So, there is no separate bit field for when scheduling info is present and when it is not present. So, RAN2 question is perhaps not applicable. 
Proposed Agreements:
· Remove the square bracket from ‘[8]’ from TS 38.212, section 7.3.1.2.1
· Send reply RAN2 of RAN1 decision above and it implies 6 spare bits are available for future use,
Online Agreements: 
· Remove the square bracket from ‘[8]’ from TS 38.212, section 7.3.1.2.1
· It implies that there are 6 spare bits dedicated for future use
· Note: when scheduling information is not present, all other information fields (other than the short message indicator) are reserved which can be potentially for future use
· Send reply RAN2 of RAN1 decision above (R1-1809760)
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Section 7.1 of TS 38.304 
=================== Start of Text Proposal from CR in [5] =====================
[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.
[bookmark: _967898916][bookmark: _967899918][bookmark: _967900323][bookmark: _968057577][bookmark: _968059040][bookmark: _968059095][bookmark: _968059297][bookmark: _968059420][bookmark: _968059442][bookmark: _968060540][bookmark: _968065686][bookmark: _968484165][bookmark: _968484813][bookmark: _968484821][bookmark: _968485490][bookmark: _968491067][bookmark: _968491141][bookmark: _968493680][bookmark: _969080957][bookmark: _969081935][bookmark: _969082143][bookmark: _981793738][bookmark: _981793736]The UE initiates RRC Connection Resume procedure upon receiving RAN paging. If the UE receives a CN initiated paging in RRC_INACTIVE state, the UE moves to RRC_IDLE and informs NAS.
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)
[bookmark: _Hlk515815985]The PDCCH monitoring occasions for paging are determined according to paging-SearchSpace if configured. Otherwise, and the PDCCH monitoring occasions for paging are determined 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. 
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 PDCCH monitoring occasions for paging which are not overlapping with UL symbols are sequentially numbered from zero starting from the 1st PDCCH monitoring occasion for paging in the PF. The (i_s + 1)th PO is a set of 'S' consecutive PDCCH monitoring occasions for paging starting from the (i_s * S)th  PDCCH monitoring occasion for paging where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SystemInformationBlock1. The Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB. 
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) 
NnB: number of total paging occasions frames in T
Ns: number of paging occasions for a PF
N: min(T,nB) 
PF_offset: offset used for PF determination
UE_ID: IMSI mod 1024
Parameters nB N, Ns, 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".
================== End of Text Proposal from CR ==========================
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