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1. Introduction
At last RAN1#89 meeting, NR-PBCH content was discussed with the following agreements [1].
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 can not 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

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

In this contribution, we provide some views on the content and payload size of NR-PBCH.

2. Discussion

2.1. LTE-PBCH Content

Started from Rel-8 in LTE, PBCH has 40 bits payload size with following information:
Table 1: Content of LTE PBCH
	Information element
	Size(bits)

	SFN
	8

	system bandwidth information
	3

	PHICH configuration information
	3

	reserved
	10

	CRC
	16

	Total
	40


2.2. NR-PBCH Content

SFN:
SFN (0 - 1023 in 10 ms) is mainly used to establish system frame timing. In LTE, in order to facilitate reliable reception of the PBCH, time diversity is employed by spreading out the transmission of 4 MIB instances with the same information in a PBCH TTI. Part of SFN information (8 MSB bits) is explicitly indicated in MIB. The remaining SFN information (2 LSB bits) is implicitly carried by MIBs with repetition and different scrambling. This technique reduces the MIB payload size and improves UE decoding performance with soft combining. 

A similar technique can be applied in NR. Since PBCH periodicity is 80ms, only 7 MSB bits are needed to be carried explicitly by NR-PBCH, while the remaining SFN information part (3 LSB bits) is implicitly delivered by different scrambling sequences to support NR-PBCH combining.
Information for remaining minimum system information scheduling:
To provide CORESET configuration information for RMSI scheduling, the following information may be necessary:
· CORESET SFN number/slot index (0 bit)
· CORESET duration
· 1 bit, indicates the number of symbols that are occupied by PDCCH
· For low frequency, it indicates (1,2) to support 2 beams
· For high frequency, it indicates (2,4) to support multiple beams
· CORESET location
· 4 bits, both time and frequency location should be indicated
· Time: start from the first symbol of the slot, thus no bits are required
· Frequency: 4 bits
· CORESET bundling size (0 bit)
· CORESET interleaving mode (0 bit)
· CORESET aggregation level (0 bit)
· SCS for the RMSI
· 1 bit to indicate whether SCS of RMSI is same as NR-PBCH
The slot index, bundling size, interleaving mode, aggregation level of CORESET can be predefined and no bits are required in NR-PBCH. Thus, RMSI scheduling information requires 6 bits of information in total.
Bits reserved for future use:
In LTE, 10 bits are reserved in PBCH in order to support forward compatibility. In NR, forward compatibility should still be ensured for smooth introduction of future services and feature. Since 10 bits are sufficient for LTE evolution, we suggest that there is no need for extra reserved bits. 
CRC:

Considering a similar error detection performance target as LTE, 16-bit CRC is recommended.
Information for quick identification that there is no corresponding RMSI to the PBCH:

1 bit. This indicator will potentially benefit to UE power saving and reduce access latency.
SS burst set periodicity:

3 bits would be sufficient for SS burst set periodicity {5, 10, 20, 40, 80, 160} ms. 
Information on actual transmitted SS block(s):
In RAN1#88bis meeting, it is agreed the considered maximum number L of SS blocks within SS burst set dependents on the frequency range. For frequency range up to 3 GHz, L = 4. For 3GHz-6 GHz, L = 8. For 6 GHz-52.6 GHz, L = 64. We suggest [2 - 4] bits are included in NR-PBCH for indicating the actual transmitted SS block. For low frequency with L=4 or 8, they can exactly indicate the actual transmitted SS block. For high frequency with L=64, they can indicate the actual transmitted SS burst. This information is benefit for measurement, and DL data/control transmission in unused SS blocks. 
Information on tracking RS:

[0] bit. No clear evidence and evaluation to include TRS indication in NR-PBCH so far.
Timing information within radio frame:
For SS block time index: [0 - 6] bits; it depends on frequency range; Explicit + implicit method can be used for SSB time index indication, while SSB error detection and performance should be guaranteed [2].
For half radio frame timing: explicit 1 bit is preferred.
Information for quick identification that UE cannot camp on the cell:

So far we notice two types of information that decide whether UE can camp on the cell: one is related to UE initial access procedure, such as identification for NSA and SA operation; the other one is barring related information, such as CSG indication [3].
· For information of identification for NSA and SA operation: 

During UE initial access procedure, if one NR UE can identify NSA mode of a cell at a relative early stage, such as after a successful decode of MIB, it can immediately withdraw from this cell and search for the next target. This behaviour not only accelerates the initial cell search procedure, but also is beneficial from UE power saving perspective, as analysed in our previous contribution [4]. Thus a 1-bit indicator should be used to identify NSA or SA operation, which can be included in NR-PBCH. On the other hand, if by some means such information can be acquired by UE even before the MIB detection, we would agree not to include this indication in MIB.

· For information related to Barring:
Barring related information should not be included in MIB at current stage, as further discussed in our RAN2 contribution [3].
Cell ID extension:
FFS. [0] bit.
Based on above discussions, the information elements and their payload size are summarized as follows:
Table 2: Content of NR-PBCH
	Information element
	Size(bits)
	Comments

	SFN
	7
	Must be included in MIB.

3 bits are implicitly indicated.

	Information for remaining minimum system information scheduling
	6
	Must be included in MIB.

	Reserved bits
	10
	Must be included in MIB.

10 reserved bits as LTE.

	CRC
	16
	Must be included in MIB.

16-bit CRC as LTE.

	Total (must)
	39
	Total size of information that must be included in NR-PBCH.

	Information regarding bandwidth part
	3
	

	Information for quick identification that there is no corresponding RMSI to the PBCH
	1
	Suggest it should be included in MIB.

1 bit indicate whether there is corresponding RMSI to the PBCH.

	SS burst set periodicity
	3
	Suggest it should be included in MIB.
3 bits are sufficient for 6 candidates.

	Information on actual transmitted SS block(s)
	2 - 4
	Suggest it should be included in MIB.

For low frequency with L=4 or 8, this indicator can exactly indicate the actual transmitted SS block. For high frequency with L=64, it can indicate the actual transmitted SS burst.

	Information on tracking RS
	0
	No clear evidence and evaluation to include TRS indication in NR-PBCH as far.

	Timing information within radio frame
	5
	Suggest it should be included in MIB.

4 bits are explicitly indicated.

2 bits are implicitly indicated.
For half radio frame timing: explicit 1 bit is preferred.

	Total (must + suggested)
	53 - 55
	Total size of the information that must be included in NR-PBCH and that we suggest be included in NR-PBCH.

	Hyper-SFN [3]
	0
	MIB should not include H-SFN

	Information for quick identification that UE cannot camp on the cell
	1
	Suggest it should be included in MIB. 
If by some means such information can be acquired by UE even before the MIB detection, we would agree not to include this indication in MIB.

	Value tag [3]
	2 - 3
	Slightly prefer MIB to include valueTag for SIB1 (if exist), if the size of PBCH is sufficient.

	Area ID [3]
	9
	If valueTag for SIB1 is included in MIB, the AreaID for valueTag of SIB1 should be also included in MIB.

	Cell ID extension [3]
	0
	Further Study.

	Total (all= must + suggested+RAN2)
	65 - 68
	Total size of all listed information elements above.


From Table 2, we have the following observation and proposal:
Observation: 

· The total size of information that must be included in NR-PBCH is [39] bits;

· If including suggested information elements, the total size will be [53 - 55] bits;

· If further including information elements potentially responded by RAN2, the total size will be [65 - 68] bits.

Proposal: Information elements in Table 2 and observation should be jointly considered when designing NR-PBCH-contents and payload size.
3. Conclusion
This contribution has discussed NR-PBCH content as well as NR-PBCH payload. The following observation and proposal have been made:
Observation: 

· The total size of information that must be included in NR-PBCH is [39] bits;

· If including suggested information elements, the total size will be [53 - 55] bits;

· If further including information elements potentially requested by RAN2, the total size will be [65 - 68] bits.

Proposal: Information elements in Table 2 and observation should be jointly considered when designing NR-PBCH-contents and payload size.
References

[1]  “RAN1 Chairman’s Notes”, RAN1#89, Hangzhou, P.R. China 15th - 19th May 2017
[2] R1-1707229, “Identification NSA mode during initial access”, vivo, RAN1#89, Hangzhou, P.R. China 15th - 19th May 2017
[3] R2-1706971, “NR PBCH Content”, vivo, NR Ad-Hoc, Qingdao, China, 27th - 29th June 2017
[image: image1.png]



