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1. [bookmark: OLE_LINK58][bookmark: OLE_LINK57]Introduction
In this contribution, we will discuss the delivery of remaining minimum system information (RMSI), including the RMSI delivery structure, time/frequency resource of RMSI transmission, association between SS/PBCH block and RMSI. Finally, we give our proposal on RMSI relative configuration information. 
1. RMSI delivery structure
For RMSI delivery, it has already been agreed that both slot based PDCCH and PDSCH, and non-slot based PDSCH transmissions are supported, and the handling of PDCCH for non-slot based transmission is FFS [1].
	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


In order to simplify the standardization effort, the design of mini-slot (non-slot) based transmission for normal data should also be adopted for RMSI delivery, which means PDCCH for RMSI should also locate at the front several symbols of mini-slot carries RMSI PDSCH. That is to say, no special mini-slot structure should be introduced for RMSI delivery. 
Proposal 1: The design of mini-slot (non-slot) based transmission for normal data should also be adopted for RMSI delivery, which means PDCCH for RMSI should also locate at the front several symbols of mini-slot carrying RMSI PDSCH. 
1. Time resource of RMSI transmission
As agreed in RAN1 #90 meeting, at least TDM is supported between SS/PBCH block and CORESET [2].
	Agreements:
· Discuss further whether NR supports FDM between SS/PBCH block and CORESET/NR-PDSCH 
· CORESET is designed at least for TDM


Generally, there are two types of resource for RMSI CORESET transmitting under the case of TDM between SS/PBCH block and CORESET. As shown in figure 1, the type 1 resource is located within the slot mapped by SS/PBCH block. The type 2 resource is located outside of the slot mapped by SS/PBCH block. It is worth noting that the last symbol will not be used for RMSI CORESET transmission as discussed in above proposal. 


Figure 1: Resource for RMSI CORESET transmitting under the case of TDM between SS/PBCH block and CORESET
For type 1 resource, there are some concerns on resource availability for RMSI CORESET delivery in some cases. 
The original purpose of reserving symbols before or after SS/PBCH block is transmitting UL/DL control for data scheduling or feedback across slots, so that the scheduling or feedback timing cannot be affected by SS/PBCH block transmission. As shown in figure 2, the beam used by symbols before or after SS/PBCH block will depend on data transmitted in the previous/following slots. So the beam used by red symbols is different with that of subsequent SS/PBCH block. For TxRU limited TRPs, they cannot transmit 'RMSI CORESET' and 'UL/DL control needed for scheduling or feedback across slots' with different beams. 


Figure 2: Beam used for symbols before or after SS/PBCH block
Observation 1: Reserved symbols before or after SS/PBCH block may be used for data scheduling or feedback across slots. It may be unusable to transmit RMSI CORESET in such symbols due to beam difference. 
Some other cases shown in figure 3 to 5, there will not be enough symbol (only one or less) for each RMSI CORESET transmission, which is difficult to meet the performance requirement in coverage limited scenario. 
· SS/PBCH block mapping pattern under the 15kHz/30kHz (pattern 2) cases has been shown in figure 3. As the seventh symbol may be reserved for UL control transmission, then there will be only one symbol for RMSI CORESET transmission corresponding to the second SS/PBCH block. 


Figure 3: Only one symbol can be used for RMSI CORESET transmission under the 15kHz/30kHz SS/PBCH block mapping pattern 
· The first 28 symbols of SS/PBCH block mapping pattern under the 240kHz cases has been shown in figure 4. Only one symbol can be used for each RMSI CORESET transmission.


Figure 4: Only one symbol can be used for each RMSI CORESET transmission in the first 28 symbols of 240kHz SS/PBCH block mapping pattern 
· The last 28 symbols of SS/PBCH block mapping pattern under the 240kHz cases has been shown in figure 5. Two SS/PBCH blocks have no resource for corresponding RMSI CORESET transmission. 


Figure 5: Part SS/PBCH blocks have no resource for RMSI CORESET transmission in the last 28 symbols of 240kHz SS/PBCH block mapping pattern 
As shown in figure 6, the coverage problem may be alleviated by sharing same symbols by different RMSI CORESETs. Some other issues will be raised: 
1. Firstly, more TxRUs will be required to transmit different RMSI CORESETs within the same symbol; 
2. Secondly, bandwidth carries two RMSI CORESET may be another problem. Let's take 48RB for one RMSI CORESET transmission for example, nearly 70MHz (96 RB with 120kHz) will be needed for carrying two RMSI CORESETs in a FDM manner, and nearly 140MHz (192 RB with 120kHz) will be needed for carrying four RMSI CORESETs in a FDM manner. It seems to be an unacceptable overhead, which will not be supported by most frequency carriers.


Figure 6: Two RMSI CORESETs share the same symbols in the first 28 symbols of 240kHz SS/PBCH block mapping pattern 
Observation 2: RMSI CORESET transmission within SS/PBCH block slot will be affected by coverage issue as symbol limitation within the slot mapped by SS/PBCH block.
Proposal 2: The slots other than being mapped by SS/PBCH block should be considered for RMSI transmission. 
1. Association between SS/PBCH block and RMSI
For delivery of RMSI, if association between RMSI and SS/PBCH blocks is not supported, it is difficult for one UE to know actual RMSI CORESET position. As a result, one UE will perform the PDCCH blind detection of RMSI in all possible RMSI CORESET. Therefore, to reduce the complexity of PDCCH blind detection, association between SS/PBCH block and RMSI should be supported for delivery of RMSI.
Proposal 3: To reduce the complexity of PDCCH blind detection, QCL association between RMSI and SS/PBCH blocks should be supported for delivery of RMSI.
Next, we will discuss and compare several schemes in which association between RMSI and SS/PBCH blocks is applied. For the following schemes, the RMSI mapping pattern needs be defined to support association between RMSI and SS/PBCH blocks. In addition, we think that the RX beam obtained by SS/PBCH block reception should be used for RMSI reception, and thus the same set of beams can be assumed for the delivery of RMSI and SS/PBCH blocks. 
· Scheme1: In this scheme, for the RMSI mapping pattern, the number of RMSI is identical to that of SS/PBCH blocks. Further, one RMSI is associated to one SS/PBCH block, and the nominal RMSI index is identical to the nominal SS/PBCH block index of the associated SS/PBCH block. The example for scheme 1 can be found in figure7.


Figure 7: Association between RMSI and SS/PBCH blocks in scheme 1
· Scheme2: In scheme 1, due to fixed association between RMSI and SS/PBCH block, scheduling flexibility for RMSI delivery is limited. In order to support scheduling flexibility for RMSI delivery, RMSI groups are introduced in scheme 2 on top of scheme 1. More specifically, a group of RMSI consists of M RMSI transmission resources, and a group of RMSI transmission resources will be associated to one SS/PBCH block. The time offset between two adjacent nominal RMSI groups is denoted as N, for example, N=1 and N=2 as shown in figure 8-a and figure 8-b respectively. The value of M and N can be configured by NR-PBCH. For the ith nominal SS/PBCH block index, it is associated with one RMSI group whose starting RMSI index is i×N.


(a)


(b)
Figure 8: Association between RMSI and SS/PBCH blocks in scheme 2
From UE perspective, when NR-PBCH is successfully received in the i-th nominal SS/PBCH block, the UE will blindly detect RMSI PDCCH from i×N to i×N+M-1 RMSI CORESET, and we call these RMSI resources as i-th RMSI group.
We think that scheduling flexibility for RMSI delivery should be supported, and thus we prefer scheme 2 compared to scheme 1.
Proposal 4: Scheduling flexibility for RMSI delivery should be supported; a group of RMSI resources are associated to one SS/PBCH block. 
1. [bookmark: OLE_LINK4]Frequency resource of RMSI transmission
As agreed in RAN1#90 meeting, there is an initial active DL/UL bandwidth part pair to be valid for a UE during initial access procedure [2].
	Agreements:
· There is an initial active DL/UL bandwidth part pair to be valid for a UE until the UE is explicitly (re)configured with bandwidth part(s) during or after RRC connection is established
· The initial active DL/UL bandwidth part is confined within the UE minimum bandwidth for the given frequency band
· FFS: details of initial active DL/UL bandwidth part are discussed in initial access agenda


[bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK74][bookmark: OLE_LINK75]Due to introduction of initial active DL bandwidth part, UE reception retuning can be reduced by limiting most initial access relative channels/signals (i.e. RMSI, Msg2, Msg4) within the initial active DL bandwidth part. As suggested in our companion contribution[3], multiple to one mapping, i.e., multiple SS/PBCH blocks in frequency domain in wideband operation are associated with one RMSI should be supported. So SS/PBCH block should not be limited into initial active BWP. 


Figure 9: Multiple SS/PBCH blocks in frequency domain in wideband operation are associated with one RMSI
[bookmark: OLE_LINK78][bookmark: OLE_LINK79]Proposal 5: The RMSI, Msg2 and Msg4 should be confined within an initial active DL BWP. SS/PBCH block should not be limited into initial active DL BWP.
For helping UE reception retuning after SS/PBCH block reception and better resource allocation indicating of RMSI PDSCH, the location of initial active BWP should be indicated to UE via PBCH. It is worth noting that if frequency raster is sparser compared to channel raster, it is natural to foresee that one frequency raster correspond to one or multi channel raster. A direct approach is that E-UTRA Absolute Radio Frequency Channel Number (EARFCN) may be used to notify this information. However, in NR scenario, system bandwidth may be much wider than previous systems. Therefore, signaling overhead is very large if EARFCN is used directly. Another effective approach is that an offset relative to current frequency position may be used to notify information. And this offset may be relative channel number or the other relative quantity.
Proposal 6: Location of initial active DL BWP should be indicated via PBCH by the relative quantity, e.g. relative channel number or relative PRB number or relative PRB group number.
Which reference point is appropriate for notifying initial active DL BWP location? Possible reference points include center/boundary of NR carrier, center/boundary of SS/PBCH block. Note that identification of this initial active DL BWP for initial access is the next step after reception of SS/PBCH block. In this moment, it is no necessity to know center/boundary of NR carrier. Therefore, only center/boundary of SS/PBCH block is appropriate for reference point. 
As agreed in the last meeting, the subcarrier level offset between SS block center/boundary and the PRB grid will be indicated in PBCH due to 'floating sync' issue. For initial active DL BWP location indicating, the offset between 'PRB grid' and 'the center/boundary of initial active DL BWP' is further needed.
Proposal 7: NR should use center/boundary of SS/PBCH block as reference point for initial active DL BWP location indicating. 
1. RMSI relative configuration information
Some configuration information about RMSI can be found in table 1. Each entry is further discussed below.
Table 1: Configuration information about RMSI
	Configuration information for CORESET
	Size(bit)

	RMSI subcarrier spacing
	1

	Initial active BWP containing CORESET for RMSI
	3

	RMSI delivery structure
	2

	[bookmark: OLE_LINK3]Time domain location of the RMSI
	1

	[bookmark: OLE_LINK2]Number of RMSI resources within a group, 
Offset between Neighboring RMSI groups, (M, N)
	1

	CORESET bandwidth
	1

	CORESET frequency domain location within BWP
	0

	CORESET time domain location within RMSI mini-slot/slot
	0or 1

	CORESET duration
	0

	DMRS position
	0 or 1

	total
	9 to 11


Subcarrier spacing (1)
In RAN1#90, it was agreed to support configuration of RMSI subcarrier spacing, which is the same for RMSI control and data transmission. One bit for indicating RMSI numerology seems sufficient, where the meaning of the bit values should depend on the frequency range. For example, in the lowest frequency range the bit could indicate 15 kHz or 30 kHz, while in a higher frequency range, the bit could indicate 60 kHz or 120 kHz.
Initial active BWP containing CORESET for RMSI (3)
In LTE, UEs obtain the information of system bandwidth, and then frequency domain position of PDSCH is informed to UEs. In order to simplify the design for the resource allocation of RMSI PDSCH, similar mechanism for the resource allocation of RMSI PDSCH should be adopted. 
More specifically, UEs can be indicated the relative frequency location of initial active DL BWP as described in section 5. For overhead calculating, we take the following parameter as an example: 32RB in one RB group,  273 RB [4] in one carrier, 24RB for SS/PBCH block and 34RB(50MHz with 120kHz SCS) for initial active DL BWP. We take center of SS/PBCH block as reference point for initial active DL BWP location indicating. The maximum offset between center of SS/PBCH block and center of initial active DL BWP is 273-12-17= 244. The number of potential location of initial active DL BWP is ⌊244/32⌋ = 7, which means 3 bits is needed. 
The bandwidth of initial active DL BWP can be determined based on RMSI SCS or frequency band. 
RMSI delivery structure (2)
For RMSI delivery, both slot based and mini-slot based transmission are adopted. For the case of mini-slot base RMSI transmission, 2, 4 and 7 OFDM-symbol duration are supported [1]. There are total 4 types of RMSI delivery structure to be indicated. So 2 bits will be needed. 
Time domain location of the RMSI (1)
As defined in section 3, two types of RMSI time domain resource, i.e. the type 1 resource is located within the slot mapped by SS/PBCH block, and the type 2 resource is located within the slot other than SS/PBCH block mapped. One bit is needed to distinguish RMSI time domain location. 
Association between SS/PBCH block and RMSI (1)
For the case type 2 resource is used for RMSI delivery, according to the discussion in section 4, in order to support scheduling flexibility for RMSI delivery, a group of RMSI including M RMSI resources will be associated to one SS/PBCH block. Therefore, number of RMSI resources within a group is used to configure the value of M, and offset between Neighboring RMSI groups is used to configure the time offset N between two adjacent RMSI groups. Two typical configurations can be defined, e.g. (M, N) = (3, 1) or (2, 2). 1 bit will be needed.
CORESET Bandwidth (1)
A one bit CORESET bandwidth indication is proposed to allow some flexibility of the CORESET bandwidth. A larger bandwidth can be more efficient if it allows a smaller CORESET time duration, but in some coverage limited cases a more CORESET time duration may be needed, and a smaller CORESET bandwidth is adopted. In general, the CORESET bandwidth should not be larger than the minimum UE bandwidth of the frequency range since all UEs should be able to receive the RMSI. Also, at least one configuration should fit the CORESET bandwidth within the minimum channel bandwidth of the frequency range. One option could be to define one CORESET bandwidth to be equal to the SS/PBCH bandwidth and one CORESET bandwidth to be equal to the minimum UE bandwidth, which is presumably larger.
CORESET frequency domain location within BWP (0)
For PBCH overhead reduction, the CORESET frequency domain location can be defined fixedly within BWP, e.g. center/boundary of RMSI CORESET is aligned with center/boundary of initial active DL BWP. 
Note that aligned center/boundary is possible to be interfered by neighboring cell. To overcome this shortcoming, the CORESET frequency domain location within BWP can be determined based on a cell level parameter, e.g. cell ID, etc. 
CORESET time domain location within RMSI mini-slot/slot (0 or 1)
Time domain start position of CORESET within RMSI mini-slot/slot should be indicated to reduce the complexity of UE RX. 1 bit can be used to indicate two configurations of the start position of CORESET within the RMSI mini-slot/slot. Of course, if the start position of CORESET within the RMSI mini-slot/slot is always fixed, it is not necessary to indicate it.
CORESET Duration (0)
[bookmark: OLE_LINK5]It is a working assumption from RAN1#90 that the CORESET time duration can be 1-2 OFDM symbols if the first DMRS position is on the 3rd symbol (with slot-based scheduling), and otherwise 1-3 OFDM symbols. So1 bit will be needed for indicating the duration of CORESET. By considering PBCH overhead reduction, the RMSI CORESET duration can also be fixedly configured to 2 OSs in the specification. An alternative is to define a fixed mapping relationship between CORESET duration and CORESET bandwidth, so that the CORESET duration can be indicated implicitly by CORESET bandwidth field. 
DMRS position (0 or 1)
[bookmark: _GoBack]The working assumption also indicates that the DMRS position is indicated in [PBCH]. Hence, another 1 bit can be introduced for indicating the first DMRS position. For PBCH overhead reduction, the DMRS position can also be fixed for each CORESET duration configuration. 
Proposal 8: The following RMSI relative configuration information should be indicated to UE via PBCH:
· RMSI subcarrier spacing
· Initial active BWP containing CORESET for RMSI
· RMSI delivery structure
· Time domain location of the RMSI
· Association between SS/PBCH block and RMSI
· CORESET Bandwidth
Note: Some other RMSI relative information can be defined to default value or indicated implicitly by other information fields.
1. Conclusions
In this contribution, some contents on delivery of remaining minimum system information are discussed. Based on the discussion, we have the following observations and proposals: 
Observation 1: Reserved symbols before or after SS/PBCH block may be used for data scheduling or feedback across slots. It may be unusable to transmit RMSI CORESET in such symbols due to beam difference. 
Observation 2: RMSI CORESET transmission within SS/PBCH block slot will be affected by coverage issue as symbol limitation within the slot mapped by SS/PBCH block.
Proposal 1: The design of mini-slot (non-slot) based transmission for normal data should also be adopted for RMSI delivery, which means PDCCH for RMSI should also locate at the front several symbols of mini-slot carries RMSI PDSCH. 
Proposal 2: The slots other than being mapped by SS/PBCH block should be considered for RMSI transmission. 
Proposal 3: To reduce the complexity of PDCCH blind detection, QCL association between RMSI and SS/PBCH blocks should be supported for delivery of RMSI.
Proposal 4: Scheduling flexibility for RMSI delivery should be supported; a group of RMSI resources are associated to one SS/PBCH block. 
Proposal 5: The RMSI, Msg2 and Msg4 should be confined within an initial active DL BWP. SS/PBCH block should not be limited into initial active DL BWP.
Proposal 6: Location of initial active DL BWP should be indicated via PBCH by the relative quantity, e.g. relative channel number or relative PRB number or relative PRB group number.
Proposal 7: NR should use center/boundary of SS/PBCH block as reference point for initial active DL BWP location indicating. 
Proposal 8: The following RMSI relative configuration information should be indicated to UE via PBCH:
· RMSI subcarrier spacing
· Initial active BWP containing CORESET for RMSI
· RMSI delivery structure
· Time domain location of the RMSI
· Association between SS/PBCH block and RMSI
· CORESET Bandwidth
Note: Some other RMSI relative information can be defined to default value or indicated implicitly by other information fields.
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