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Introduction
With regards to system information provisioning on stage-3 level, RAN2 agreed that the minimum SI includes at least SFN, list of PLMN, Cell ID, cell camping parameters, RACH parameters, as captured in 38.804. 
In addition, RAN1 made the following agreements on PBCH contents [1]:
	Agreements:

· RAN1 targets design of NR-PBCH payload size to be no larger than 72 bits and no less than 40 bits including CRC.

· Note: Based on the performance evaluation done so far, the upper limit range is between 72 and 48 bits
Agreements:

· Following contents are carried in NR-MIB

· (Part of) SFN: [7 - 10] bits

· At least 80 ms granularity

· FFS: indication within 80 ms

· [H-SFN: 10 bits]

· RAN1 will ask RAN2

· Timing information within radio frame: [0 - 7] bits

· E.g., SS block time index: [0 - 6] bits

· E.g., half radio frame timing: [0 - 1] bit

· RMSI scheduling information: [x] bits

· CORESET(s) information: [x] bits

· Simplified information of CORESET(s) compared to CORESET(s) information for UE-specific configuration is considered

· E.g., Time/frequency resource configuration of CORESET(s)

· [Numerology of RMSI: [0 - 2] bits]

· [Information regarding frequency resources for PDSCH scheduling: [x] bits]

· [Information regarding bandwidth part: [x] bits]

· [Information for quick identification that there is no corresponding RMSI to the PBCH: [0 - 1] bit]
· [Information for quick identification that UE cannot camp on the cell: [0-1] bit]

· RAN1 will ask RAN2

· [SS burst set periodicity: [0 - 3] bits]

· [Information on actual transmitted SS block(s): [0 - x] bits]

· [Area ID: x bits]

· RAN1 will ask RAN2

· [Value tag: x bits]

· RAN1 will ask RAN2

· [cell ID extension: x bits]

· RAN1 will ask RAN2

· [Information on tracking RS: x bits]

· Reserved bits: [x > 0] bits

· CRC size for NR-MIB is [16 + y] bits


In this document, we discuss some parameters which are under RAN1 discussion for the MIB contents.
SFN and HSFN
On November 2016, RAN2 sent an LS in R2-1700654 to RAN1 as follows:

“Furthermore, the MIB is considered as part of the minimum SI. RAN2 agreed that the MIB includes at least SFN. It is not decided yet whether or not the same SFN size of LTE (i.e. 8 bits excluding the 2 bits implicitly carried by the physical layer) will be applied to the SFN size of NR. In LTE, SFN was extended with HSFN. If NR considers both SFN and HSFN, the SFN size could be 18 bits. There will be also likely to be other parameters that RAN2 would want to include in the MIB.”
As we know, SFN length impacts DRX performance. In Rel-8, LTE provides 10-bit SFN so that both I-DRX cycle and C-DRX cycle are limited up to 210. Thus, Rel-8 UE could not sleep more than 10240 ms. In Rel-13, I-DRX length in LTE is extended with 10-bit H-SFN. Thus, UE power saving performance for RRC_IDLE was significantly improved with eDRX.

In our view, it is beneficial for NR system to support longer DRX cycle than 10.24 seconds for UEs. One simple approach of achieving such power efficiency is to support more than 10-bit SFN and to allow UEs to use such a long SFN. We propose that a NR cell broadcasts a longer SFN than 10 bits via system information.
Proposal 1: The NR cell broadcasts a longer SFN bit than 10 bits via system information. 
For LTE, the MIB message broadcasts 8-bit SFN with additional 2-bit SFN information embedded in Layer 1. In addition, the SIB1 message broadcasts 10-bit Hyper SFN which is introduced later in Rel-13. In total, LTE cell broadcasts 18 bits information with additional 2-bit SFN information embedded in Layer 1, i.e. 20 bits in total. We think that 20-bit SFN can be considered to be broadcast at NR cell.
Proposal 2: 20-bit SFN is considered to be broadcast at NR cell.

In NR, RAN1 agreed that PBCH TTI is 80ms, and minimum SS burst periodicity is 5ms. Hence, maximum 16 times of PBCH can be transmitted within 80ms granularity, and different scrambling sequence for each transmission can be applied to PBCH encoded bit. Similar with LTE PBCH decoding operation, UE can detect 10ms interval. In this case, 8 states of SFN (i.e. 3 bits of SFN) can be implicitly indicated by PBCH scrambling sequence.
Proposal 3: RAN2 assumes that 8 states of SFN (i.e. 3 bits of SFN) can be implicitly indicated by PBCH scrambling sequence.
We propose to discuss the following options to support a longer SFN than 10 bits, i.e. 20 bits in total:

· Option 1: All bits of SFN, i.e. 17 bits are included in MIB with implicit 3-bit indication.

· Option 2: 7 bits of SFN in MIB with implicit 3-bit information + 10 bits of SFN-ext in SIB1.

· Option 3: 7 bits of SFN in MIB with implicit 3-bit information + 10 bits of Hyper SFN in SIB1.
In Option 1, UE would acquire full SFN quickly. However, MIB will be broadcast with less coverage due to additional bits, compared to Option 2 and 3. 
Option 2 and 3 look similar. But, Option 3 may have more impact on some equations of using SFN (e.g. in MAC and PHY) because H-SFN needs to be addressed in addition to SFN for those equations. Meanwhile, no H-SFN is defined in Option 1 and 2, so that Option 1 & 2 will lead to simpler equations using SFN only.
Accordingly, we slightly prefer to go for Option 2. That is, 7 bits of SFN are included in MIB with implicit 3-bit information while 10 bits of SFN-ext in SIB1.

Proposal 4: 7 bits of SFN are included in MIB with implicit 3-bit information while 10 bits of SFN-ext in SIB1. No H-SFN is defined for NR.
DL Bandwidth
During initial synchronization procedure including Cell-ID detection and PBCH decoding, UE tries to detect signal within the SS block bandwidth. Then, UE may continue obtaining remaining minimum SI and other SI messages within a certain DL bandwidth (i.e. DL bandwidth for common channels).
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Figure 1: DL bandwidths
In NR system, it is not necessary that the DL bandwidth for common channels is same as system bandwidth which network is operating e.g. for UEs in RRC_CONNECTED. DL bandwidth for common channels could be narrower than actual system bandwidth. Simply, it can be considered that the DL bandwidth for common channels is wider than carrier minimum bandwidth, but should not be wider than UE minimum bandwidth. 
For example, for below 6GHz frequency range, carrier minimum bandwidth is defined as 5MHz, and UE minimum bandwidth can be assumed as 20MHz. In this case, the DL bandwidth for common channels can be defined within the range from 5MHz to 20MHz. If it is assumed that the bandwidth for SS block is 5MHz and the DL bandwidth for common channels is 20MHz, four candidate positions to locate SS block within the initial DL bandwidth can be defined. 
Accordingly, the DL bandwidth for common channels can be included in the MIB contents. UE can continue obtaining remaining minimum SI and other SI messages over BCCH within the DL bandwidth indicated in the MIB. Details about actual bits in MIB should be discussed in RAN1.
Proposal 5: RAN2 assumes that the DL bandwidth for common channels can be included in the MIB contents. Details are left to RAN1.
SS burst set periodicity and Actual transmitted SS block
For purpose of measurement, the information of SS burst set periodicity and actual transmitted SS block is indicated to UEs. Therefore, it is better that the information is carried in Other SI messages for serving cell measurement and intra/inter-cell measurement. Hence, it is not necessary to define this information within MIB contents.
Proposal 6: RAN2 assumes that SS burst set periodicity and Actual transmitted SS block are not included in MIB contents, but included in Other SI messages.
Value tag and Area ID
In LTE, a value tag is included in SIB1 to indicate if a change has occurred in the SI messages. UE may use the value tag to verify if the previously stored SI messages are still valid. 
RAN2 agreed both value tag and an area ID for NR. Actual sizes for the value tag and area ID are not defined yet. Thus, we do not know how many bits are required in system information. Nevertheless, we think that it is not desirable to include both value tag and area ID in MIB. 

RAN2 agreed that the value tag is associated to each SIB. If 3-bit value tag is considered and 5 bits are used to identify a SIB, we will need 160 bits to support 20 SIB types. The value tag can be valid in only one cell or when combined with an area ID to be valid in more than one cell. Thus, we will need more additional bits to include an area ID for each value tag. 
Accordingly, we propose that the list of value tags and area IDs is included in SIB1, not in MIB.
Proposal 7: The list of value tags and area IDs is included in SIB1.
Conclusion

In conclusion, we propose to agree the following proposals regarding SFN length for NR cell:
Proposal 1: The NR cell broadcasts a longer SFN bit than 10 bits via system information. 

Proposal 2: 20-bit SFN is considered to be broadcast at NR cell.

Proposal 3: RAN2 assumes that 8 states of SFN (i.e. 3 bits of SFN) can be implicitly indicated by PBCH scrambling sequence.

Proposal 4: 7 bits of SFN are included in MIB with implicit 3-bit information while 10 bits of SFN-ext in SIB1. No H-SFN is defined for NR.

Proposal 5: RAN2 assumes that the DL bandwidth for common channels can be included in the MIB contents. Details are left to RAN1.

Proposal 6: RAN2 assumes that SS burst set periodicity and Actual transmitted SS block are not included in MIB contents, but included in Other SI messages.
Proposal 7: The list of value tags and area IDs is included in SIB1.
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