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1. Introduction
In this contribution, we discuss remaining details on RMSI PDSCH transmission and CORESET for RMSI PDCCH with the focus on finalizing the CORESET configuration signaling in NR PBCH. During the email discussion after RAN1 #90bis, RAN1 was able to make further agreements on the CORESET configuration in PBCH. The following are set of additional agreements on CORESET configuration signaling in PBCH.
	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.







2. Bandwidth of CORESET for RMSI PDCCH
Downlink coverage is determined by few factors, but in general can be driven by the coverage of the broadcast system information. Therefore, the PDCCH for RMSI should be one of the most robust PDCCH in NR. This means being able to support aggregation level of 8 within the configured CORESET. Since a single CCE consist of 6 REGs, the CORESET for RMSI PDCCH should at least have a configuration that could support 48 REGs even in the smallest system channel bandwidths. This means that with 2 OFDM symbols for CORESET, the CORESET would need to span 24 PRBs and with 3 OFDM symbols for CORESET, the CORESET would need to span at least 16 PRBs.
Additionally, when determining the number of PRBs for the CORESET, the available PRBs in the system needs to be taken into account. Table 1 and Table 2 shows the number resource blocks can be used in a given system bandwidth when the system is deployed in frequency range 1 and 2, respectively. From the table, we can see that when 15 kHz is used for SS and 5 MHz is used for the system, the system has 25 RBs available. For 30 kHz is used for SS and 10 MHz is used for the system, the system has 24 RBs available. It should be noted that Table 1 and Table 2 are based on working assumption in RAN4, and may be subject to slight changes.

[bookmark: _Ref498453236]Table 1. Number of Resource Blocks (RB) in each system bandwidth when system is deployed in frequency range 1
	SCS [kHz]
	NRB

	
	5MHz
	10MHz
	15MHz
	20 MHz
	25 MHz
	40 MHz
	50MHz
	60 MHz
	80 MHz
	100 MHz

	15
	25
	52
	79
	106
	133
	216
	270
	N.A
	N.A
	N.A

	30
	11
	24
	38
	51
	65
	106
	133
	162
	217
	273

	60
	N.A
	11
	18
	24
	31
	51
	65
	79
	107
	135



[bookmark: _Ref498453238]Table 2. Number of Resource Blocks (RB) in each system bandwidth when system is deployed in frequency range 2
	SCS [kHz]
	NRB

	
	50MHz
	100MHz
	200MHz
	400 MHz

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264



Based on the smallest supported number of PRBs for 15 kHz ~ 240 kHz, and being able to support CCE aggregation level (AL) 8 with 2 OFDM symbols configured for CORESET, at least CORESET bandwidth of 24 PRBs should be supported when SCS of CORESET and SS/PBCH is the same.
In order to support a 24 PRB CORESET configuration in the smallest system bandwidth, we must take into account the potential relative position between the CORESET and SS/PBCH. For example, in a 5 MHz system deployment with 15 kHz for SCS of SS/PBCH block, the system consist of 25 PRBs. The position of the SS/PBCH cannot be arbitrary chosen by the network, instead the position of the SS/PBCH within the system bandwidth will be determined by the position of the system channel within the operation band. Therefore, for some deployments SS/PBCH may be at the right edge of the system bandwidth, and for some deployments, SS/PBCH may be at the left edge of the system bandwidth. In fact, based on latest agreements from RAN4, and our understanding of the potential SS/PBCH frequency raster, SS/PBCH could be anywhere within the system bandwidth.
Since a 24 PRB CORESET can be only positioned in the center of the 5 MHz system, this results in PRB offset between the SS/PBCH and COREST for RMSI as shown in Figure 1.
[image: ]
[bookmark: _Ref498736799]Figure 1. Relative position between 24 PRB CORESET and 20 PRB SS/PBCH block in 5 MHz system using 15 kHz SCS
Therefore, the CORESET configuration in PBCH should also support {-2, -1, 0, +1, +2} PRB offset signaling between 24 PRB COREST and SS/PBCH.
Proposal 1:
· If same SCS between SS/PBCH Block and CORESET is configured, the CORESET configuration in PBCH supports signaling of 24 PRB CORESET bandwidth (approx. 5 MHz) with {-2, -1, 0, +1, +2} PRB offset between CORESET and SS/PBCH 

Based on the reference CORESET bandwidth of 24 PRB, we can compute the number of PRBs that would occupy the same bandwidth when the SCS of COREST and SS/PBCH is different. Table 5 shows the number of PRBs that would occupy 5 MHz.
[bookmark: _Ref498611445]Table 5. Number of PRB for CORESET based on 5 MHz or 34.5 MHz CORESET configuration
	SCS of SS/PBCH
	SCS of RMSI PDCCH/PDSCH
(signaled in PBCH)
	Number of PRB for CORESET signaled in PBCH
(unit based on SCS of RMSI PDCCH/PDSCH)

	15 kHz
	15 kHz
	24

	
	30 kHz
	12 or 11*

	30 kHz
	15 kHz
	48

	
	30 kHz
	24

	120 kHz
	60 kHz
	48

	
	120 kHz
	24

	240 kHz
	60 kHz
	96

	
	120 kHz
	48


Note *: the exact number of supported PRB in this case would be subject to RAN4 confirmation.

In addition to a 5 MHz CORESET configuration, it would be beneficial to also support 1 additional CORESET configuration with larger bandwidth in the range of 10 MHz. Such wider CORESET configuration would be useful when CORESET resources are shared with other PDCCH such as paging PDCCH, Msg 2 PDCCH, OSI PDCCH, etc. A wider bandwidth of CORESET resources could be supported when the system bandwidth is at least 2x larger than of SS/PBCH bandwidth.

In a wider system bandwidth, the SS/PBCH placement candidates grow from 1 to many. In order to support all channel deployments within an operating band, the frequency raster of SS/PBCH block, , is given as






where  is the number of PRB of the minimum system channel bandwidth,  is the number of PRB of SS/PBCH block,  is the subcarrier spacing of the SS/PBCH block, and  is the frequency raster of the system channel. For example, in case of 15 kHz SCS SS/PBCH block with 15 kHz channel raster, the SS raster would be 915 kHz apart. For a 10MHz system with 52 PRBs, there would be potentially 6 different SS/PBCH locations available for selection by the network.
If the network selects on the central positioned SS/PBCH within a large system bandwidth, a wider CORESET could be signaled by the PBCH. In the example above, selection of the central SS/PBCH would guarantee that additional 10 PRB to each side could be utilized by the CORESET that shares the same center frequency as the SS/PBCH.
[image: ]
Figure 2. Relative position between 40 PRB CORESET and 20 PRB SS/PBCH block in 10 MHz system using 15 kHz SCS
Therefore, the CORESET configuration in PBCH could also support an either 40 PRB or 42 PRB (approx. 10 MHz) CORESET (if {-2, 0, +2} PRB offset signaling is supported) in addition to the 5 MHz CORESET.
Proposal 2:
· If same SCS between SS/PBCH Block and CORESET is configured, the CORESET configuration in PBCH supports signaling of [40 or 42] PRB CORESET bandwidth (approx. 10  MHz) with same SCS as SCS of SS/PBCH Block


In case of FDM between CORESET and SS/PBCH, 24 PRB CORESET could be only supported if the system bandwidth is large enough in support FDM of SS/PBCH and CORESET for RMSI. This can be done by the network by selecting a SS/PBCH within the system bandwidth that is on the lowest or the highest frequency within the system bandwidth. Once SS/PBCH at the edge of the bandwidth is selected CORESET can be placed on the other side of the spectrum as shown in Figure 3.
[image: ]
[bookmark: _Ref498739127]Figure 3. FDM between CORESET and SS/PBCH
	FDM between CORESET and SS/PBCH should be only supported when the SCS of the RMSI and SS/PBCH is the same. Otherwise, we will need to introduce a guard band gap between the SS/PBCH and CORESET. Given that required guard gap between the two is gNB implementation specific to some extent, it would be difficult to standardize a single value for it. To avoid such specification, we can limit the use of the FDM when SCS is the same between RMSI and SS/PBCH.
Therefore, the CORESET configuration in PBCH that signals FDM between CORESET and SS/PBCH should also indicate whether CORESET is on the higher frequency or lower frequency with respect to SS/PBCH.
Proposal 3:
· CORESET configuration in PBCH that signals FDM between RMSI CORESET and SS/PBCH should also indicate whether CORESET is on the higher frequency or lower frequency with respect to SS/PBCH.
· FDM between RMSI CORESET and SS/PBCH is only supported when they have the same SCS.

3. Slots of CORESET for RMSI PDCCH
The slot of the RMSI CORESET should be selected such that it minimizes signaling needed in the PBCH. Furthermore, the slots of the RMSI CORESET should be selected such that it support maximum SS/PBCH block transmission. 
Given that SS/PBCH transmission must be configured within a half radio frame, the RMSI CORESET containing slots are placed in other half radio frame that the SS/PBCH was detected from. For example, if SS/PBCH was detected in the first half radio frame, UE assumes that the RMSI CORESET containing slots are placed in the second half radio frame. If SS/PBCH was detected in the second half radio frame, UE assumes that the RMSI CORESET containing slots are placed in the first half radio frame. An example of this shown in Figure 4.
[image: ]
[bookmark: _Ref498740204]Figure 4. Illustration of RMSI CORSET slots when SS/PBCH block are transmitted in the first half radio frame.

Furthermore, in order to case where SS/PBCH is transmitted in both half radio frame (i.e. 5 msec periodicity of SS/PBCH) or transmission of uplink signal (e.g. PRACH) some of the slots containing RMSI CORESET may not be usable. To avoid complete failure of transmission of RMSI, we propose to have a long CORESET window, where RMSI associated with a SS/PBCH (with QCL assumptions) could be transmitted in any of the CORESETs within the CORESET window. In the case of example shown in Figure 4, the CORESET window would correspond to slots 5, 6, 7, and 8. 
Having a long CORESET monitoring window would allow network to have certain flexibility in scheduling RMSI. As long as the total number of blind decodes of PDCCH is not increased due to RMSI PDCCH reception, support of long CORESET monitoring window does not expect to cause complexity problems.
Based on above, we propose that the following marked slots to contain the RMSI CORESET.
[image: ]
[image: ]
Proposal 4:
· For 15 kHz SCS for RMSI, Slots that contain RMSI CORESET are slots (5*(1 - Half Frame Indication) + {0, 1, 2, 3}) within the radio frame.
· For 30 kHz SCS for RMSI, Slots that contain RMSI CORESET are slot (10*(1 - Half Frame Indication) + {0, 1, 2, …, 7}) within the radio frame.
· For 60 kHz SCS for RMSI, Slots that contain RMSI CORESET are slot (20*(1 - Half Frame Indication) + {0, 1, 2, …, 7, 10, 11, 12, …, 17}) within the radio frame.
· For 120 kHz SCS for RMSI, Slots that contain RMSI CORESET are slot (40*(1 - Half Frame Indication) + {0, 2, 4, 8, …, 14, 20, 22, 24, …, 34}) within the radio frame.

4. OFDM Symbols of CORESET for RMSI PDCCH within a Slot
The OFDM symbol placement for TDM of RMSI CORESET and SS/PBCH can be simply chosen to the first 1 to 3 OFDM symbols of the slot selected to carry RMSI CORESET. In case of 120 kHz SCS RMSI CORESET configuration, it will be the first 1 to 3 OFDM symbols every pair of two slots, so that it can match the 60kHz SCS RMSI CORESET configuration.
[image: ]
[image: ]
Additionally, in order to support the LTE-NR co-existence scenarios, one special placement of the RMSI CORESET is supported.
[image: ]
Proposal 5:
· For 15/30/60/120 kHz SCS for RMSI, the first 1 to 3 OFDM symbols of the RMSI CORESET slot can be configured for RMSI CORESET.
· For 15 kHz SCS for RMSI, OFDM symbol #5 and #6 (enumerated from #0) of the RMSI CORESET slot can be configured for RMSI CORESET. (This option is to support the LTE-NR co-existence)
· For 30 kHz SCS for RMSI and in every pair of two RMSI CORESET slots, OFDM symbol #11, #12 and #13 (enumerated from #0) of the first RMSI CORESET slot can be configured for RMSI CORESET. (This option is to support the LTE-NR co-existence)


5. Conclusions
In this contribution, we discussed some aspects of the remaining minimum system information. Our proposals are summarized as below:
Proposal 1:
· If same SCS between SS/PBCH Block and CORESET is configured, the CORESET configuration in PBCH supports signaling of 24 PRB CORESET bandwidth (approx. 5 MHz) with {-2, -1, 0, +1, +2} PRB offset between CORESET and SS/PBCH 
Proposal 2:
· If same SCS between SS/PBCH Block and CORESET is configured, the CORESET configuration in PBCH supports signaling of [40 or 42] PRB CORESET bandwidth (approx. 10  MHz) with same SCS as SCS of SS/PBCH Block
Proposal 3:
· CORESET configuration in PBCH that signals FDM between RMSI CORESET and SS/PBCH should also indicate whether CORESET is on the higher frequency or lower frequency with respect to SS/PBCH.
· FDM between RMSI CORESET and SS/PBCH is only supported when they have the same SCS.
Proposal 4:
· For 15 kHz SCS for RMSI, Slots that contain RMSI CORESET are slots (5*(1 - Half Frame Indication) + {0, 1, 2, 3}) within the radio frame.
· For 30 kHz SCS for RMSI, Slots that contain RMSI CORESET are slot (10*(1 - Half Frame Indication) + {0, 1, 2, …, 7}) within the radio frame.
· For 60 kHz SCS for RMSI, Slots that contain RMSI CORESET are slot (20*(1 - Half Frame Indication) + {0, 1, 2, …, 7, 10, 11, 12, …, 17}) within the radio frame.
· For 120 kHz SCS for RMSI, Slots that contain RMSI CORESET are slot (40*(1 - Half Frame Indication) + {0, 2, 4, 8, …, 14, 20, 22, 24, …, 34}) within the radio frame.
Proposal 5:
· For 15/30/60/120 kHz SCS for RMSI, the first 1 to 3 OFDM symbols of the RMSI CORESET slot can be configured for RMSI CORESET.
· For 15 kHz SCS for RMSI, OFDM symbol #5 and #6 (enumerated from #0) of the RMSI CORESET slot can be configured for RMSI CORESET. (This option is to support the LTE-NR co-existence)
· For 30 kHz SCS for RMSI and in every pair of two RMSI CORESET slots, OFDM symbol #11, #12 and #13 (enumerated from #0) of the first RMSI CORESET slot can be configured for RMSI CORESET. (This option is to support the LTE-NR co-existence)
[bookmark: _GoBack]
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