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1. [bookmark: OLE_LINK57][bookmark: OLE_LINK58]Introduction
In this contribution, we will discuss the delivery of remaining minimum system information (RMSI), including the structure, SCS and CORESET configuration of RMSI, multiplexing between RMSI and SS blocks and association between RMSI and SS blocks.
1. Structure of RMSI
In this section, we will evaluate the required number of PDSCH symbols of RMSI. In our evaluation, it is assumed that the PDSCH bandwidth of RMSI is 27 PRBs corresponding to the maximum transmission bandwidth for NR-PBCH design in [1].
[bookmark: _GoBack]In response LS [2], RAN2 answered that “Note that the minimum SI should accommodate at least around 250 bits for L2/L3 operation based on the current agreements.” Therefore, both 250 and 300 bits payload size for RMSI are evaluated in our simulation. More detailed simulation assumptions are shown in the appendix.
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Figure 1: Evaluation results for symbol number of RMSI PDSCH (1 Transmission)
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Figure 2: Evaluation results for symbol number of RMSI PDSCH (4 Transmissions)
As shown in figure 1, without considering the combination from different RMSI burst sets, it seems that at least 12 symbols for RMSI PDSCH is required to meet 1% BLER under the target SNR -6 dB. As for figure 2, it seems that 4 symbols for RMSI PDSCH are required when combination gain from 4 different RMSI burst sets is considered. Considering more beams such as scores of beams, it will take very long for one gNB to finish beam sweeping for RMSI. Therefore, the discontinuous RMSI block position needs to be introduced to not block the other transmissions. 
Proposal 1: Due to the long time-domain duration, the discontinuous RMSI block position should be supported to not block the other transmissions.
1. SCS of remaining minimum SI
In RAN1 #88bis meeting, there are the following alternatives about SCS of remaining minimum SI.
· option 1: PBCH signals the SCS of the remaining minimum system information 
· option 2: The same SCS as applied in PBCH transmission is used for the transmission of the remaining minimum system information
If option 1 is adopted, it can be guaranteed that SCS of remaining SI is identical to that of unicast control/data in the same slot. However, indicating SCS in NR-PBCH means that all UEs need the capability supporting multiple SCS even to receive SI. Therefore, we suggest that same SCS is adopted between PBCH and RMSI. In fact, even if SCS of RMSI is same to that of PBCH, the same SCS between RMSI and unicast control/data can still be achieved by configuring the SCS for unicast control/data.
Proposal 2: The same SCS as applied in PBCH transmission is used for the transmission of the RMSI (PDCCH and PDSCH).
1. Multiplexing of remaining minimum SI and SS block
For the multiplexing of remaining minimum SI and SS block, we will discuss the following schemes and compare them.
· Option 1: FDM multiplexing is applied between RMSI and SS blocks as seen in figure 3. In this scheme, additional beam sweeping for remaining minimum SI can be avoided by FDM multiplexing between SS block and block of remaining minimum SI. However, when the bandwidth is limited, remaining minimum SI can be not multiplexed in SS block in FDM manner. 


Figure 3: FDM multiplexing between SS block and RMSIs
· Option 2: In this option, PDSCH of remaining minimum SI is divided into two parts. First part RMSI PDSCH is multiplexed with SS blocks in FDM manner, and another round of beam sweeping is adopted for CORESET and the second part RMSI PDSCH.


Figure 4: PDSCH of remaining minimum SI is divided into two parts
When the bandwidth is limited and only part of RMSI PDSCH can be multiplexed in SS blocks in FDM manner, option 2 may be adopted. In option 2, the symbol number of RMSI PDSCH in each beam direction for another round of beam sweeping need be configurable to support the reduction of duration for another round beam sweeping. 
Proposal 3: The symbol number of RMSI PDSCH in each beam direction for another round of beam sweeping should be configurable to support the reduction of duration for another round beam sweeping. 
· Option 3: In this scheme, as seen in figure 5, CORESET including RMSI PDCCH is multiplexed with SS blocks in FDM manner, and another round of beam sweeping is adopted for PDSCH of RMSI. 


Figure 5: FDM multiplexing between SS block and CORESET
When the bandwidth is not enough to multiplex whole RMSI PDSCH with SS blocks in FDM manner, but it is enough to multiplex whole RMSI PDCCH with SS blocks in FDM manner, the option 3 can be adopted to reduce the duration for another round of beam sweeping.
· Option 4: For this scheme, as seen in figure 6, another round of beam sweeping is adopted for both CORESET and PDSCH of remaining minimum SI. When the bandwidth is limited, neither RMSI PDCCH nor a part of RMSI PDSCH can be multiplexed with SS blocks in FDM manner, the option 4 can be adopted.


Figure 6: another round beam sweeping for both RMSI PDCCH and RMSI PDSCH
In order to reduce the impact due to another round of beam sweeping, another round of beam sweeping should be avoided or its duration should be reduced. Therefore, according to the different bandwidth, multiple multiplexing modes for RMSI should be supported, and which multiplexing mode is selected should be decided by the gNB and informed to UEs. How to inform the multiplexing mode need be studied.
Proposal 4: To reduce the duration for another round beam sweeping for RMSI, multiple multiplexing mode for RMSI should be supported, and which multiplexing mode is selected should be decided by the gNB.
1. Association between SS block and RMSI
For delivery of RMSI, if association between RMSI and SS blocks is not supported, it is difficult for one UE to know actual RMSI block position. As a result, one UE will perform the PDCCH blind detection of RMSI in all possible RMSI blocks. Therefore, to reduce the complexity of PDCCH blind detection, association between SS and RMSI should be supported for delivery of RMSI.
Proposal 5: To reduce the complexity of PDCCH blind detection, association between RMSI and SS blocks should be supported for delivery of RMSI.
Next, we will discuss and compare several schemes in which association between RMSI and SS blocks is applied. For the following schemes, the RMSI block pattern needs be defined to support association between RMSI and SS blocks. In addition, we think that the RX beam obtained by SS 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 blocks. 
· Scheme1: In this scheme, for the RMSI block pattern, the number of RMSI blocks is identical to that of SS block pattern. Further, one RMSI block is associated to one SS block, and the nominal RMSI block index is identical to the nominal SS block index of the associated SS block. The example for scheme 1 can be found in figure7.


Figure 7: Association between RMSI and SS blocks in scheme 1
· Scheme2: In scheme 1, due to the association between SS and RMSI blocks, one RMSI block associated to one SS block is limited to one SS block position. Therefore, scheduling flexibility for RMSI delivery is limited. In order to support scheduling flexibility for RMSI delivery, RMSI block groups are introduced in scheme 2 on top of scheme 1. More specifically, a group of RMSI blocks consists of M RMSI blocks, and a group of RMSI blocks will be associated to one SS block. The time offset between two adjacent nominal RMSI block 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 block index, it is associated with one RMSI group whose starting RMSI block is the i×N RMSI block.


(a)


(b)
Figure 8: Association between RMSI and SS blocks in scheme 2
At the side of UEs, when one UE can successfully receive NR-PBCH in the i-th nominal SS block, the UE will blindly detect RMSI PDCCH from i×N to i×N+M-1 RMSI blocks, and we call these RMSI blocks 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 6: Scheduling flexibility for RMSI delivery should be supported; one group RMSI block is associated to one SS block. 
1. Configuration information for CORESET 
Some configuration information about CORESET can be found in table 1. According to the discussion in section 5, in order to support scheduling flexibility for RMSI delivery, a group of RMSI blocks including M RMSI blocks will be associated to one SS block. Therefore, number of CORESET within a group is used to configure the value of M, and offset between Neighboring CORESET groups is used to configure the time offset N between two adjacent RMSI block groups.
In addition, according to our companion contribution [3], CORESET frequency offset is also carried in NR-PBCH. More specifically, E-UTRA Absolute Radio Frequency Channel Number (EARFCN) may be used to indicate the frequency-domain position of CORESET. However, in NR scenario, system bandwidth may be wider. Therefore, signaling overhead is very large if EARFCN is used directly. So we suggest that relative frequency offset may be used to indicate the frequency-domain position of CORESET. And this offset may be relative channel number or the other relative quantity.
As discussed in section 4, multiple multiplexing modes for RMSI should be supported, and which multiplexing mode is selected should be decided by the gNB. Considering the above several possible multiplexing mode, there are several possible time domain position for the CORESET. For example, CORESET may be located in SS blocks of 4 different SS burst sets in PBCH TTI, or another round of beam sweeping is adopted for CORESET. Therefore, at least 3 bits is needed to indicate the time domain position of the start position for CORESET or RMSI pattern.
Table 1: Configuration information about CORESET (8+X bits)
	Configuration information for CORESET
	size

	CORESET bandwidth
	1

	CORESET duration
	1

	CORESET frequency offset
	X

	CORESET time domain boundary
	4

	number of CORESET within a group
	1

	Offset between Neighboring CORESET groups
	1


Proposal 7: For the configuration of CORESET, the configuration information in table 1 (8+X bits) should be indicated to UEs by NR-PBCH.
1. Conclusions
In this contribution, some contents on delivery of remaining minimum system information are discussed. Based on the discussion, we have the following proposals:  
[bookmark: OLE_LINK59][bookmark: OLE_LINK60]Proposal 1: Due to the long time-domain duration, the discontinuous RMSI block position should be supported to not block the other transmissions.
Proposal 2: The same SCS applied in PBCH transmission is used for the transmission of the RMSI (PDCCH and PDSCH).
Proposal 3: The symbol number of RMSI PDSCH in each beam direction for another round of beam sweeping should be configurable to support the reduction of duration for another round beam sweeping. 
Proposal 4: To reduce the duration for another round beam sweeping for RMSI, multiple multiplexing mode for RMSI should be supported, and which multiplexing mode is selected should be decided by the gNB.
Proposal 5: To reduce the complexity of PDCCH blind detection, association between RMSI and SS blocks should be supported for delivery of RMSI.
Proposal 6: Scheduling flexibility for RMSI delivery should be supported; one group RMSI block is associated to one SS block. 
Proposal 7: For the configuration of CORESET, the configuration information in table 1 should be indicated to UEs by NR-PBCH.
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8. Appendix
Appendix: Link-level evaluation assumptions
	 Parameter
	Assumption

	Carrier Frequency
	4 GHz

	Channel Model
	CDL-C

	Subcarrier Spacing
	30 KHz

	Delay spread
	100/300 ns

	Channel coding
	TBCC

	Payload size
	250/300 bits

	UE speed
	3/120  km/h

	Reference signal
	DMRS, 3 REs per PRB 

	Frequency Offset
	TRP: uniform distribution +/- 0.05 ppm 
UE: uniform distribution +/- 0.1 ppm 

	Phase Rotation Model
	Follow the PN model of [R1-165005]

	Number of interfering TRPs 
	0 TRP
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