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1	Introduction
In RAN Plenary meeting #75, a WID on NR was agreed. The work item targets to develop and specify the functionalities for eMBB operation as well as support the URLLC type of operation. 
RAN1#90bis made the following agreements:
	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

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.

Update after email approval:
Agreements:
· (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

· 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

· Note: QCL per CORESET vs. search space is up to control session’s decision.




In this contribution we discuss about remaining details on RMSI delivery. We cover the following open items:
· Transmission configuration of CORESET
· CORESET configuration
· RMSI timing configuration
This is a revision of R1-1718613 and update to R1-1720881 correcting an error in Table 1.
2				Discussion
2.1	Transmission configuration of CORESET
Common PDCCH, like PDCCH to schedule PDSCH for RMSI, is to be transmitted using highest aggregation levels (4 or 8) in order to provide good cell edge performance. I.e. cell edge performance should be the main measure for the design. In [2] PDCCH performance with REG bundle sizes 2 and 6 is studied using interleaved REG to CCE mapping. Results show that in the cell edge conditions REG bundle size of 6 outperforms REG bundle size of 2 by more than one dB. That is because of improved channel estimation when operating with high aggregation levels. Regarding the configuration of CORESET for RMSI scheduling one target should be to minimize the number of required bits in NR-PBCH and thus we propose to fix REG bundle size to 6 for CORESET for RMSI scheduling.
Proposal: Support only REG bundle size 6 for CORESET for RMSI scheduling.
Similarly, in order to maximize frequency diversity, interleaved PDCCH transmission should be adopted for PDCCH transmitted in CORESET for RMSI scheduling. 
Proposal: Interleaved PDCCH transmission should be adopted for PDCCH transmitted in CORESET for RMSI scheduling.
2.2	RMSI CORESET configuration
Based on the current agreements the configuration of RMSI 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

2.2.1	Bandwidth
It was also agreed in RAN1#90bis that 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. The initial active DL BWP is defined as frequency location and bandwidth of RMSI CORESET and numerology of RMSI. SS/PBCH bandwidth is 20 PRBs according to the current working assumption. It’s to be noted that RAN4 has not decided the minimum UE bandwidth all UEs must support. 
RMSI scheduling has to be robust in cell edge conditions and thus highest aggregation levels (4 and 8) are to be used for the PDCCH for RMSI scheduling. Given the CCE size is 6 REGs and one REG equals to one RB, aggregation level 8 requires 48 RBs. 48 RB allocation can be achieved e.g. with {bandwidth, #symbols} pairs {24, 2}, {48, 1} and  {48, 2} when assuming max 2 symbol time domain allocation.
In order to provide RMSI in beam sweeping manner, the number of symbols per one transmission (to one direction) should be minimized to minimize the system overhead. Thus, it’s essentially important that RMSI can be allocated  wider frequency allocation than SS block frequency allocation of 20 PRBs where possible given the minimum UE bandwidth allows that. In other words, the UE should support RMSI reception bandwidth being greater than 24 PRBs, preferably 48 from system performance point of view. Thus, it’s concluded that RMSI bandwidth should be configurable and support wider bandwidths than 24 PRBs in order to keep overhead small, especially when RMSI is transmitted in multi-beam manner.
Proposal: Support CORESET bandwidth options 24 and 48 PRBs.
2.2.2	Frequency offset relative to SS/PBCH block:
This section is about an offset between starting PRB of the CORESET for RMSI scheduling and starting PRB of the SS/PBCH block (explicitly signalled four bits within PBCH payload are signalling subcarrier offset between SS/PBCH block and PRB grid). 
TDM multiplexing between CORESET for RMSI scheduling and SS/PBCH block:
For a 24 PRB wide CORESET allocation using a PRB granularity for the offset there would be 4 different offset values at maximum assuming SS block allocation with floating synch requiring 21 PRBs. If PRB granularity is remained when CORESET bandwidth is increased the number of signalled offset would increase beyond what can be considered to be signalled in PBCH (assuming max 8 bits for total CORESET configuration). For a 48 PRB wide CORESET allocation there would be need for 48-20=28 offset values to be signalled if full placement flexibility is allowed. That is deemed to be way too expensive to be signalled in PBCH. Therefore it is assumed that for cases where wider band is assumed the SSB placement needs to be such that the CORESET can be applied with limited number of steps. As a general approach we consider centralizing SS block within a CORESET for RMSI scheduling and then use subcarrier level offset (bits for floating synch) and PRB level offset to provide flexibility in SS block location within the CORESET around the center of the CORESET so that CORESET can be fit within the RF channel. Seven offset values are tentatively considered that -3, -2, -1, 0 and +1, +2, +3 PRBs where offset is between center of the CORESET and center of the SS/PBCH block. The reference for the PRB offset is the lower of the two numerologies, either the SSB numerology or the RMSI numerology. Furthermore, in case when CORESET numerology would be smaller than the SSB numerology we have used the fact that the SSB need to be placed within the transmission bandwidth configuration of the higher numerology, which is narrower than what can be achieved for the smaller sub-carrier spacing, e.g. at 10MHz is 24PRB@30kHz and 52 PRBs@15kHz [3]. This results, when assuming symmetric transmission bandwidth configurations, that with wider transmission bandwidth configuration the CORESET (using lower numerology) can be laced closer to the carrier edge. It would naturally need to be re-checked once RAN4 concludes on synchronization raster and transmission bandwidth configurations for different frequency bands that what are the values needed in order to be able to allocate CORESET within the RF channel. It’s to be noted that offset values should be able to align CORESET with the PRB grid also in case SS/PBCH block SCS is lower than SCS used for CORESET.  
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Figure 1. Illustration of CORESET placement in relative to SSB with aligned numerology
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Figure 2. Illustration of CORESET placement in relative to SSB with non-aligned numerology

Proposal: Centralize SS/PBCH block within CORESET for RMSI and provide 7 PRB offset values in addition to 4 floating synch bits in PBCH in TDM multiplexing case. 
Proposal: PRB offset between center of CORESET for RMSI scheduling and SS/PBCH block assumes smaller SCS of the SS/PBCH block or RMSI. 
For the case of FDM multiplexing between CORESET for RMSI scheduling and SS/PBCH block and based on the past agreements we have taken following approach:
According to the rate matching agreement that for PDSCH carrying RMSI and the corresponding PDCCH CORESET, the UE assumes that no SS block is transmitted in the allocated resources, the FDMed CORESET and PDSCH for RMSI shall be located in either side of the SS block in frequency but not distributed on both sides of the SS block. Furthermore it has been agreed that the PDSCH delivering the RMSI/SIB1 needs to be contained within the initial DLBWP and that the initial DL BWP location and bandwidth is defined by RMSI CORESET. Thus, signaling is needed to indicate UE on whether CORESET is located below and above SS block in frequency domain. Similar as in TDM multiplexing, additional PRB offset is needed to align CORESET with the PRB grid also in case SS/PBCH block SCS is lower than SCS used for CORESET. 
Proposal: In FDM multiplexing case four signaling values are needed to indicate applied pair {below or above SS block in frequency, PRB offset}: {below, 0}, {below, -1}, {above, 0} and {above, +1}.

2.2.3	A set of consecutive OFDM symbol indices in a slot corresponding to a single CORESET
For the supported time domain allocation of a single CORESET we consider that one and two-symbol CORESETs are enough for RMSI scheduling with 48 and 24 PRB bandwidth allocation, respectively. 
Proposal: Support {bandwith, #symbols} pairs {24, 2} and {48, 1}.
2.2.4	Slot and non-slot based CORESET configuration
Non-slot based CORESET for RMSI scheduling is supported in FDM multiplexing case. NR should support configuring non-slot based CORESETs in addition to slot based CORESET also in TDM multiplexing case (TDM multiplexing CORESET for RMSI scheduling and SS/PBCH block) to support multi-beam RMSI delivery in efficient manner. To limit configurable options because of signaling overhead we consider that one non-slot based CORESET configuration could be supported in TDM multiplexing case by having two CORESETs within a slot. Figure 3 illustrates both slot based and non-slot based CORESET for RMSI in TDM multiplexing case assuming two symbol time allocation per CORESET.

 [image: ] 
[bookmark: _Ref498672281]Figure 3 Slot and non-slot CORESETs for RMSI scheduling. 
Proposal: Support both slot and non-slot CORESETs for RMSI scheduling also for TDM multiplexing.
One potential simplification in PBCH based signaling could be that slot based CORESET in TDM multiplexing is used at below 6 GHz and non-slot based above 6 GHz.

2.3	RMSI timing configuration
And 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
2.3.1	RMSI PDCCH monitoring window periodicity y
To robustness for detection performance in cell edge situations RMSI should be transmitted multiple times per RMSI TTI. On the other hand it’s to be noted that SS burst set periodicity is configurable and can support periodicity as low as 160 ms. It’s considered that RMSI shouldn’t be transmitted more frequently than SS burst set. Assuming 160 ms TTI for RMSI the RMSI PDCCH monitoring window periodicity should be configurable and support e.g. values 40, 80 and 160 ms to allow 4, 2 and 1 transmission(s) of RMSI within the RMSI TTI, respectively. To enable avoiding overlap with the SSB locations in case of TDM, offset would be needed. The offset could thereby be specified, and included to the determination of the slots or radio frames where RMSI scheduling is expected to occur. It’s seen that slot level offset should support locating RMSI scheduling after SS burst set within the same half frame (or radio frame). That could be beneficial when SS burst set periodicity is 5 ms (or 10 ms). For that offset would be 2 or 4 ms depending on SS/PBCH block SCS. In addition to slot level offset, one SFN level offset could be defined. Value of 10ms is considered for the SFN level offset, but it could be further considered for example to avoid RACH allocation. Thus, in addition to RMSI PDCCH monitoring window periodicity, the following offset values should be configurable: 0 ms, 2 ms (if SS/PBCH SCS == 30 or 240 kHz) or 4 ms (if SS/PBCH SCS == 15 or 120 kHz), 10 ms.  
Proposal: PBCH configures RMSI PDCCH monitoring window periodicity where values can be 40, 80 and 160 ms. 
Proposal: RMSI PDCCH monitoring window offset is configurable with three values: 0 ms, 2 ms (if SS/PBCH SCS == 30 or 240 kHz) or 4 ms (if SS/PBCH SCS == 15 or 120 kHz), [10] ms.
2.3.2	RMSI PDCCH monitoring window duration x
In LTE a new SIB1 is sent every 80 ms and within the 80 ms period, the same SIB1 is repeated every 20 ms. SIB1 is always sent in subframe #5. 
For FDM multiplexing it was decided that the number of slots of a CORESET corresponding to an SS/PBCH block is 1 within a monitoring window for RMSI CORESET (NR-PDCCH). 
To support more dynamic (TDD) operation in NR and scheduling flexibility for the gNB it’s seen that for TDM multiplexing between CORESET and SS/PBCH block monitoring window duration larger than one slot/CORESET is needed. Assuming the non-slot would be supported for CORESET of RMSI scheduling as well as for PDSCH carrying RMSI the monitoring window duration doesn’t need to be that many slots given multiple CORESETs per slot. To support both slot and non-slot based CORESET for RMSI scheduling with QCL association between SS/PBCH block and monitoring window, monitoring window could be defined as number of consecutive CORESETs per SS block where windows could be overlapping. As a baseline the value could be 2 consecutive CORESETs where CORESET could be slot or non-slot based. In cases when the monitoring window X=2, it is proposed that the monitoring windows of different SSB are shifted so that they slightly overlapping in time by X/2 i.e. by one CORESET. 
Figure 4 depicts the placement of the PDCCH monitoring window for slot and non-slot based CORESET placements and for window length of 2 CORESETs. UE would be required to monitor the PDCCH occasions in two slots in slot based and in one or two slots in non-slot based CORESET configuration. 
[image: ]

[bookmark: _Ref498605252]Figure 4. Illustration of RMSI PDCCH monitoring window placement.
Proposal: Define RMSI PDCCH monitoring window duration as a number of consecutive CORESETs. As a baseline adopt value 2 for consecutive CORESETs where CORESET could be slot or non-slot based. 
2.4	Summary
Here we summarize the above discussion and estimate the required configuration options for CORESET for RMSI scheduling. Table 1 provides configuration options 
[bookmark: _Ref498691014]Table 1 Configuration options for CORESET for RMSI scheduling
	
	TDM multiplexing
	FDM multiplexing

	REG bundle size
	1 option: 6
	1 option: 6

	Interleaved or non-interleaved PDCCH transmission
	1 option: interleaved
	1 option: interleaved

	{Bandwidth, #symbol} pairs
	2 options: {24, 2}, {48, 1}
	2 options: {24, 2}, {48, 1}

	PRB offset between CORESET and SS/PBCH block
	7 options: -3, -2, -1, 0, 1, 2, 3 PRBs
	4 options: {CORESET below SSB in freq., -1 PRB offset}, {CORESET below SSB in freq., 0 PRB offset}, {CORESET above SSB in freq., 0 PRB offset}, {CORESET above SSB in freq., +1 PRB offset}

	Slot or non-slot based CORESET
	1 option per SS/PBCH block SCS: Slot with 15 and 30 kHz, non-slot with 120 and 240 kHz
	1 option: non-slot

	RMSI monitoring window periodicity
	3 options: 40, 80, 160 ms
	3 options: 40, 80, 160 ms

	RMSI monitoring window offset
	3 options: 0 ms, 2 ms (if SS/PBCH SCS == 30 or 240 kHz) or 4 ms (if SS/PBCH SCS == 15 or 120 kHz), 10 ms
	1 option

	#Number of configuration options
	126
	24

	Total number of configuration options
	150



Observation: 8 bits can be used to provide configuration of CORESET for RMSI scheduling in NR-PBCH.
Proposal: Allocate 8 bits in NR-PBCH to signal configuration of CORESET for RMSI scheduling.
3	Conclusions
In this contribution we discussed about remaining details of RMSI delivery and especially we focused on configuration of CORESET for RMSI scheduling. Based on the discussion the following proposals are made: 
Proposal: Support only REG bundle size 6 for CORESET for RMSI scheduling.
Proposal: Interleaved PDCCH transmission should be adopted for PDCCH transmitted in CORESET for RMSI scheduling.
Proposal: Support CORESET bandwidth options 24 and 48 PRBs.
Proposal: Centralize SS/PBCH block within CORESET for RMSI and provide 7 PRB offset values in addition to 4 floating synch bits in PBCH in TDM multiplexing case. 
Proposal: PRB offset between center of CORESET for RMSI scheduling and SS/PBCH block assumes smaller SCS of the SS/PBCH block or RMSI. 
Proposal: In FDM multiplexing case four signaling values are needed to indicate applied pair {below or above SS block in frequency, PRB offset}: {below, 0}, {below, -1}, {above, 0} and {above, +1}.
Proposal: Support {bandwidth, #symbols} pairs {24, 2} and {48, 1}. 
Proposal: Support both slot and non-slot CORESETs for RMSI scheduling also for TDM multiplexing.
Proposal: PBCH configures RMSI PDCCH monitoring window periodicity where values can be 40, 80 and 160 ms. 
Proposal: RMSI PDCCH monitoring window offset is configurable with three values: 0 ms, 2 ms (if SS/PBCH SCS == 30 or 240 kHz) or 4 ms (if SS/PBCH SCS == 15 or 120 kHz), 10 ms.
Proposal: Define RMSI PDCCH monitoring window duration as a number of consecutive CORESETs. As a baseline adopt value 2 for consecutive CORESETs where CORESET could be slot or non-slot based. 
Observation: 8 bits can be used to provide configuration of CORESET for RMSI scheduling in NR-PBCH.
Proposal: Allocate 8 bits in NR-PBCH to signal configuration of CORESET for RMSI scheduling.
References
[1] [bookmark: _Ref490198774]R1-1716523, “Remaining details related to SS blocks”, Nokia, Nokia Shanghai Bell
[2] [bookmark: _Ref494470850]R1-1714057, “On PDCCH mapping”, Nokia, Nokia Shanghai Bell
[3] [bookmark: _Ref498702587]R4-1709075, “Way forward on spectrum utilization”, Samsung et al


image3.emf
Dc

0

Dc

1

Dc

2

Dc

3

Dd

4

Dd

5

Dd

6

Dd

7

Dd

8

Dd

9

Dd

10

Dd

11

Dd

12

Dd

13

Slot

NR-PDCCH

NR-PDSCH

NR-PDCCH monitoring

CORESET CORESET

Dc

0

Dc

1 2 3

Dd

4

Dd

5

Dd

6

Dd

7

Dd

8

Dd

9

Dd

10

Dd

11

Dd

12

Dd

13

Slot

NR-PDCCH monitoring

CORESET

Dd Dd

a) Slot based CORESET for RMSI

b) Non-slot based CORESET for RMSI


image4.emf
 

Dd Dc Dd Dc

Slot

PBCH CORESET configuration 2  (non-slot based),  X=2

SSB#0 

PDCCH monitoring

...

Dd Dc Dd Dc

Dd Dc Dd Dc Dd Dc Dd Dc Dc

SSB#1 

PDCCH monitoring

SSB#2 

PDCCH monitoring

SSB#3 

PDCCH monitoring

...

SSB#4 

PDCCH monitoring

Slot

Dd Dc Dd Dc

Dd Dc Dd Dc

PBCH CORESET configuration  1  (slot based),  X=2

Dc

SSB#0 

PDCCH monitoring

SSB#1 

PDCCH monitoring

SSB#2 

PDCCH monitoring

SSB#3 

PDCCH monitoring

...

...


image1.emf
SSB BW 21PRBs

CORESET 24 PRBs

Offset 0 PRBs

CORESET 24 PRBs

Offset 2 PRBs

2PRBs

1PRB

3PRBs

CORESET 24 PRBs

3 PRBs

Offset -1 PRBs

SSB BW 20PRBs

CORESET 24 PRBs

2PRBs

2PRB

Offset 0 PRBs

CORESET 24 PRBs

4PRBs

Offset 2 PRBs

CORESET 24 PRBs

4 PRBs

Offset -2 PRBs


image2.emf
SSB BW ”42" PRBs

CORESET 48 PRBs

Offset 0 PRBs

CORESET 48 PRBs

Offset 3 PRBs

4PRBs

3PRB

6PRBs

CORESET 48 PRBs

3 PRBs

Offset -3 PRBs

1PRB

SSB BW ”40" PRBs

CORESET 48 PRBs

4PRBs

4PRBs

Offset 0 PRBs

CORESET 48 PRBs

7PRBs

Offset 3 PRBs

CORESET 24 PRBs

7 PRBs

Offset -3 PRBs

1PRBs

1PRB


