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1 Introduction
A work item has been approved for ‘New Radio’ (NR) Access Technology [1] targeted to enable future cellular network deployment scenarios and applications building upon the features identified and evaluated during the NR study item phase [2]. NR is expected to efficiently support a diverse set of uses cases including eMBB, URLLC as well as functionalities such as Integrated Access and Backhaul (IAB) and spectrum sharing, including coexistence with LTE. This contribution discusses the configuration and scheduling of the remaining system information (RMSI). 
2 Non-slot based RMSI scheduling details
According to the following agreements, NR supports both slot based and non-slot based PDSCH transmissions for RMSI, broadcast OSI, paging, and PDSCH/PUSCH transmissions for Msg2/Msg3/Msg4 whereas the handling of PDCCH for non-slot based transmissions is FFS.

	Agreements:
· NR supports both slot based PDCCH and PDSCH, and non-slot based PDSCH transmissions for RMSI/broadcast OSI delivery

· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the RMSI/broadcast OSI PDSCH is supported

· FFS the handling of PDCCH for non-slot based transmissions

Agreements:
· NR supports both slot and non slot based PDSCH  transmissions for Paging delivery

· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol duration for the Paging PDSCH is supported

· FFS: Support of non-slot for PDCCH for Paging delivery

Agreements:
· NR supports both slot based PDCCH, PDSCH and PUSCH, and non-slot based PDSCH/PUSCH transmissions for Msg2/Msg3/Msg4 transmission

· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol durations for the PDSCH/PUSCH is supported

· FFS the handling of PDCCH for non-slot based transmissions

· FFS Time gap during RACH procedure applied to non-slot based transmissions
· Note: Whether to support simultaneous uplink transmission of slot and non-slot based transmission from UE’s perspective will be finalized in the control channel session



The PDSCH transmissions for RMSI, broadcast OSI, paging, and PDSCH/PUSCH transmissions for Msg2/Msg3/Msg4 need to address the following use cases and scenarios.

2.1 LTE-NR Coexistence

For the case of LTE-NR coexistence in normal DL subframes, it was agreed that mini-slots can be scheduled in OFDM symbols that do not carry CRS. Two alternatives exist for the PDSCH transmissions for RMSI, broadcast OSI, paging, and PDSCH/PUSCH transmissions for Msg2/Msg3/Msg4. The most straightforward way is to treat each mini-slot as one self-contained transmission comprising both the scheduling PDCCH as well as the scheduled PDSCH. PDCCH and PDSCH both require DMRS for demodulation and it has been agreed that PDCCH REGs are accompanied by its DMRS within the corresponding CORESET whereas for mini-slot based PDSCH transmissions the DMRS is on the first symbol of the PDSCH transmission. This is conceptually illustrated in Figure 1.  
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Figure 1: Self-scheduled mini-slots

Alternatively, mini-slots could be cross-scheduled from the beginning of the mini-slot as shown in Figure 2.
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Figure 2: Cross-scheduled mini-slots

2.2 Analog Beamforming 

A similar use case arises in mmWave spectrum where TxRPs use beam-sweeping and an RF beam spans the entire CC or even multiple CCs in case of intra-band CA where the same RF hardware is used for more than one CC. In this case, it is crucial that the network can TDM multiple beams/transmissions (since FDM is not possible due to the wideband nature of analog beams) and that it can FDM transmissions whose transmission duration aligns with that of the SS block transmissions. These use cases are depicted in Figure 3 for both self-scheduled and cross-scheduled mini-slot transmissions. 
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Figure 3: Scheduling options for RMSI/broadcast OSI
2.3 Scheduling details
As is captured in the latest draft of TS 38.213, there are three key parameters that distinguish slot based and non-slot based transmissions:

1. CORESET-start-symb, i.e., whether the PDCCH scheduling the PDSCH is “at the beginning of the slot” or “in the middle of the slot”

2. Monitoring-periodicity-PDCCH-slot, i.e., whether the PDCCH monitoring periodicity is smaller than 14 OFDM symbols or not
3. PDSCH mapping type A or B, i.e., whether the DMRS position is according to DL-DMRS-typeA-pos or not

In regard to the PDCCH monitoring periodicity the following is agreed:

	Agreements
PDCCH candidates having different DCI payload sizes count as separate blind decodes

PDCCH candidates comprised by different sets of CCE(s) count as separate blind decodes.

PDCCH candidates in different CORESETs count as separate blind decodes.

PDCCH candidates having the same DCI payload size and comprised by the same set of CCE(s) in the same CORESET count as one blind decodes.

Agreements:
· For non-CA and for PDCCH monitoring periodicity of 14 or more symbols, the maximum number of PDCCH blind decodes per slot is:

· Working assumption: 44 for SCS = 15kHz.

· Working assumption: less than 44 at least for SCS = 60kHz and 120kHz.

· For the given SCS, all UEs support the maximum number of PDCCH blind decodes per slot.



Hence, if the PDCCH monitoring periodicity for PDSCH transmissions for RMSI, broadcast OSI, paging, and PDSCH/PUSCH transmissions for Msg2/Msg3/Msg4 is 14 or more symbols, there is no additional complexity to the UE compared to slot based PDSCH transmissions for RMSI, broadcast OSI, paging, and PDSCH/PUSCH transmissions for Msg2/Msg3/Msg4. We thus propose: 

Proposal 1: 

· There is no restriction on the CORESET-start-symb for PDCCHs scheduling PDSCH transmissions for RMSI, broadcast OSI, paging, and PDSCH/PUSCH transmissions for Msg2/Msg3/Msg4, i.e., for a given QCL assumption the CORESET can be configured to start anywhere in a slot

· The PDCCH monitoring periodicity for PDCCHs scheduling PDSCH transmissions for RMSI, broadcast OSI, paging, and PDSCH/PUSCH transmissions for Msg2/Msg3/Msg4 is 14 or more symbols
Note that it has already been agreed that PDSCH transmissions for RMSI, broadcast OSI, paging, and PDSCH/PUSCH transmissions for Msg2/Msg3/Msg4 support both PDSCH mapping type A and B. 
3 RMSI CORESET configuration details
Furthermore during RAN1#90bis the following agreements were reached regarding the time/frequency resources configured for RMSI and the CORESET containing PDCCH scheduling RMSI:

Agreements:

· UE minimum bandwidth in the context of confinement of RMSI and CORESET containing PDCCH scheduling RMSI is defined as the largest bandwidth that all UEs must support regardless of UE capability, which is at least no less than the SS/PBCH bandwidth.

· Bandwidth for RMSI and and CORESET containing PDCCH scheduling RMSI supports at least the same bandwidth as SS/PBCH (e.g.,[24 PRBs]).

· Note: The UE minimum bandwidth will be finally determined by RAN4.

· LS to RAN4 – Ren Da (CATT) (R1-1718915), which is endorsed with final LS in R1-1719039, with the following update:

· By updating the action to “RAN1 respectfully asks RAN4 whether RAN4 sees any issues with the above agreements, and if so, to provide guidance accordingly”. 

Agreements:

· The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI.

· PDSCH delievering RMSI are confined within the initial active DL BWP

Agreements:

· UE assumes the DMRS of NR-PDCCH transmitted in the CORESET for RMSI and the DMRS of NR-PDSCH for RMSI/broadcast OSI is QCLed with the corresponding  SS/PBCH block

· FFS: On the details on the associations between SS blocks and monitoring windows (if introduced) for RMSI CORESETs/broadcast OSI .
Agreements:

· NR supports FDM transmission of QCLed SS/PBCH block and RMSI (CORESET/NR-PDSCH), when

· there is no latency requirement for UE to acquire RMSI if the combined bandwidth for SS/PBCH block and RMSI (CORESET/NR-PDSCH) exceeds the UE capability, and

· the number of RMSI CORESETs to monitor within a slot is 1, and 
· the number of slots of a CORESET corresponding to an SS/PBCH block is 1 within a monitoring window for RMSI CORESET (NR-PDCCH)

· FFS: whether the number of slots of a CORESET corresponding to an SS/PBCH block can be larger than 1

Additionally during [90b-NR-04] email discussion the following agreement was reached:
· (Working assumption) PBCH contents, except the SSB index, should be the same for all SS/PBCH blocks within an SSB burst set for the same center frequency

· The maximum number of bits for configuration of RMSI CORESET(s) and RMSI timing in PBCH is X bits excluding the subcarrier spacing. 

· X is TBD, and can be chosen to be up to [8] bits.

· Note: RMSI CORESET(s) means the CORESET(s) configured by PBCH

· Configuration of RMSI CORESET(s) should consider at least the following properties: 

· bandwidth (PRBs) 

· frequency position (frequency offset relative to SS/PBCH block) 

· A set of consecutive OFDM symbol indices in a slot corresponding to a single CORESET 

· FFS: signaling details including what is captured in specifications and what is signaled in the MIB

As noted in the agreements the bandwidth and frequency position is required to be indicated as part of the RMSI CORESET configuration. However in addition, to support cross-scheduled and self-scheduled mini slots, the configuration of the set of OFDM symbol indices in a slot corresponding to a CORESET need to have sufficient flexibility. A bitmap approach is not sufficient for all the possible combinations, and instead a table with 2^X entries is the preferred approach. Given the limited number of MIB payload bits [3], a maximum of 8 bits should be used for the CORESET and RMSI timing configuration. 
Proposal 2: RAN1 specs will define a table with 2^X CORESET and RMSI timing configuration sets. Each of the 2^X codepoints corresponds to one entry in the table, i.e., one CORESET and RMSI timing configuration set.
Proposal 3: CORESET and RMSI timing configuration is carried by X = 8 bits in NR-PBCH, excluding the subcarrier spacing.

Based on Figure 3, multiple scenarios need to be considered such as slot/non-slot transmission, different durations (1 or 2 symbols) different SSB time positions agreed for a slot, and LTE-NR coexistence, when determining the sets of valid OFDM symbol indices for the RMSI CORESETS.

As currently captured in 38.213:

For a half frame with SS/PBCH blocks, the number and first OFDM symbol indexes for candidate SS/PBCH blocks are as follows. 

-     15 KHz subcarrier spacing: the first OFDM symbols of the candidate SS/PBCH blocks have indexes of {2, 8} + 14*n. For carrier frequencies smaller than or equal to 3 GHz, n=0, 1. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, n=0, 1, 2, 3.

-     30 KHz subcarrier spacing: the first OFDM symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n . For carrier frequencies smaller than or equal to 3 GHz, n=0. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, n=0, 1.
-     30 KHz subcarrier spacing: the first OFDM symbols of the candidate SS/PBCH blocks have indexes {2, 8} + 14*n. For carrier frequencies smaller than or equal to 3 GHz, n=0, 1. For carrier frequencies larger than 3 GHz and smaller than or equal to 6 GHz, n=0, 1, 2, 3.
-     120 KHz subcarrier spacing: the first OFDM symbols of the candidate SS/PBCH blocks have indexes {4, 8, 16, 20} + 28*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8, 10, 11, 12, 13, 15, 16, 17, 18.

-     240 KHz subcarrier spacing: the first OFDM symbols of the candidate SS/PBCH blocks have indexes {8, 12, 16, 20, 32, 36, 40, 44} + 56*n. For carrier frequencies larger than 6 GHz, n=0, 1, 2, 3, 5, 6, 7, 8.

Therefore, the following sets of starting OFDM symbol indices for configuring CORESETs should be supported: 
For TDM of RMSI CORESET and SSBs: 

· sub6-GHz: [{0}] and [{0},{1}]

· LTE-NR coexistence: [{1},{2}] or [{2},{3}] (15 kHz data) and [{2},{3}], [{2},{4}], [{4},{5}], or [{4},{6}] (30kHz data) 

· Above6-GHz: [{0}], [{0},{1}], [{0},{1},{2}],  or [{0},{1},{2},{3}] 

For FDM of RMSI CORESET and SSBs:

· For 15kHz: [{2}, {8}]

· For 30kHz: [{4},{8}] or [{2},{6}] (30kHz RMSI), and [{2},{4}] or [{1},{3}]  (15kHz RMSI)

· For 120kHz: [{4},{8}] or [{2},{6}] (120kHz RMSI), and [{2},{4}] or [{1},{3}] (60kHz RMSI)

· For 240kHz: [{4}{6}{8}{10}] or [{2}{4}{6}{8}] (120kHz RMSI), and [{2}{3}{4}{5}] or [{1}{2}{3}{4}] (60kHz RMSI)
.

Proposal 4: The following sets of starting OFDM symbol indices for configuring CORESETs should be supported:
For TDM of RMSI CORESET and SSBs: 

· sub6-GHz: [{0}] and [{0},{1}]

· LTE-NR coexistence: [{1},{2}] or [{2},{3}] (15 kHz data) and [{2},{3}], [{2},{4}], [{4},{5}], or [{4},{6}] (30kHz data) 

· Above6-GHz: [{0}], [{0},{1}], [{0},{1},{2}],  or [{0},{1},{2},{3}] 

For FDM of RMSI CORESET and SSBs:

· For 15kHz: [{2}, {8}]

· For 30kHz: [{4},{8}] or [{2},{6}] (30kHz RMSI), and [{2},{4}] or [{1},{3}]  (15kHz RMSI)

· For 120kHz: [{4},{8}] or [{2},{6}] (120kHz RMSI), and [{2},{4}] or [{1},{3}] (60kHz RMSI)

· For 240kHz: [{4}{6}{8}{10}] or [{2}{4}{6}{8}] (120kHz RMSI), and [{2}{3}{4}{5}] or [{1}{2}{3}{4}] (60kHz RMSI)
In addition the duration of the CORESET should be indicated as this will adapted (along with the bandwidth) depending on the required RMSI coverage. Both 1 and 2 symbol RMSI CORESETs should be supported.

Proposal 5: The duration of the RMSI CORESET can be configured as 1 or 2 symbols.
4 RMSI PDCCH monitoring window
During RAN1#90bis the following agreement was made regarding the RMSI PDCCH monitoring window:

Agreements:

· There is an RMSI PDCCH monitoring window associated with an SS/PBCH block, which recurs periodically.

· Each window has duration of x consecutive slot(s).

· FFS: x is e.g., 1/2/4

· FFS: whether x is frequency band dependent

· FFS: whether x is configured in PBCH.

· The period, y, of the monitoring window can be the same as or different from the period of the SS/PBCH block burst set.

· FFS: y is e.g., 10/20/40/80/160 ms

· FFS: whether y is frequency band dependent

· FFS: whether y is configured in PBCH

· FFS: whether y is dependent on RMSI TTI

· FFS: whether there is a dependency between the period of the monitoring window and the period of the SS/PBCH block burst set.

· FFS: whether it is allowed to configure the overlapping monitoring windows associated with different SS/PBCH blocks

· FFS: Monitoring window time offset 

· From RAN1’s perspective, the considered values of the RMSI TTI for down-selection are 80ms and 160ms.

Additionally during [90b-NR-04] email discussing the following was agreed:

· RMSI timing configuration should consider at least the following properties: 

· RMSI PDCCH monitoring window periodicity y

· RMSI PDCCH monitoring window duration x

· FFS: RMSI PDCCH monitoring window offset

· FFS: The number of RMSI PDCCH monitoring occasions per SSB within the RMSI PDCCH monitoring window periodicity

· FFS: signaling details including what is captured in specifications and what is signaled in the MIB

In order to support flexibility in terms of the RMSI overhead, the monitoring window periodicity should support the same values as the SS Burst Set, although independently configured. In addition, monitoring window durations of 1, 2, 3, and 4 can be configured depending on the frame structure configuration (e.g. number of beams).
Proposal 6: Values of 10/20/40/80/160ms can be configured for the RMSI PDCCH monitoring window periodicity, independently from the SS/PBCH Block Burst Set periodicity.
Proposal 7: Values of 1, 2, 3, and 4 can be configured for the RMSI PDDCH monitoring window duration.

5 Conclusion
This contribution analyzed the remaining details of RMSI delivery for NR. The following proposals were made:

Proposal 1: 

· There is no restriction on the CORESET-start-symb for PDCCHs scheduling PDSCH transmissions for RMSI, broadcast OSI, paging, and PDSCH/PUSCH transmissions for Msg2/Msg3/Msg4, i.e., for a given QCL assumption the CORESET can be configured to start anywhere in a slot

· The PDCCH monitoring periodicity for PDCCHs scheduling PDSCH transmissions for RMSI, broadcast OSI, paging, and PDSCH/PUSCH transmissions for Msg2/Msg3/Msg4 is 14 or more symbols
Proposal 2: RAN1 specs will define a table with 2^X CORESET and RMSI timing configuration sets. Each of the 2^X codepoints corresponds to one entry in the table, i.e., one CORESET and RMSI timing configuration set.
Proposal 3: CORESET and RMSI timing configuration is carried by X = 8 bits in NR-PBCH, excluding the subcarrier spacing.

Proposal 4: The following sets of starting OFDM symbol indices for configuring CORESETs should be supported:

For TDM of RMSI CORESET and SSBs: 

· sub6-GHz: [{0}] and [{0},{1}]

· LTE-NR coexistence: [{1},{2}] or [{2},{3}] (15 kHz data) and [{2},{3}], [{2},{4}], [{4},{5}], or [{4},{6}] (30kHz data) 

· Above6-GHz: [{0}], [{0},{1}], [{0},{1},{2}],  or [{0},{1},{2},{3}] 

For FDM of RMSI CORESET and SSBs:

· For 15kHz: [{2}, {8}]

· For 30kHz: [{4},{8}] or [{2},{6}] (30kHz RMSI), and [{2},{4}] or [{1},{3}]  (15kHz RMSI)

· For 120kHz: [{4},{8}] or [{2},{6}] (120kHz RMSI), and [{2},{4}] or [{1},{3}] (60kHz RMSI)

· For 240kHz: [{4}{6}{8}{10}] or [{2}{4}{6}{8}] (120kHz RMSI), and [{2}{3}{4}{5}] or [{1}{2}{3}{4}] (60kHz RMSI)
Proposal 5: The duration of the RMSI CORESET can be configured as 1 or 2 symbols.
Proposal 6: Values of 10/20/40/80/160ms can be configured for the RMSI PDCCH monitoring window periodicity, independently from the SS/PBCH Block Burst Set periodicity.

Proposal 7: Values of 1, 2, 3, and 4 can be configured for the RMSI PDDCH monitoring window duration.
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