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[bookmark: _In-sequence_SDU_delivery]Introduction
In this contribution we address the following topics related to NR-PBCH design:
· Number of antenna ports and transmission scheme
· Reference signal for demodulation
· NR-PBCH mapping in SS block
· NR-PBCH content
· Soft combining of NR-PBCH within an SS burst
[bookmark: _Ref471729558]NR-PBCH design
Transmission scheme
The following agreements were made on the number of antenna ports and transmission schemes were at the RAN1#88 meeting:
· For NR-PBCH transmission, NR supports a single transmission schemes selected from following schemes:
· A single antenna port based transmission scheme 
· Two antenna port based SFBC.

Note that the decision to have a single fixed number of antenna ports should not be taken as a decision not to support a varying number of physical antennas. Implementing single antenna base stations should be possible, while NR should exploit the omnipresence of dual polarized antenna configurations. This means that a transmission scheme that supports two antenna ports and does not incur any penalty compared to if single antenna port operation was specified. In [1] and [2], the transmit diversity schemes for the control channel with UE specific and common search spaces are discussed. The NR-PBCH, having a low code rate, is similar to the common search space control channel, meaning that most of the diversity gain can be harvested from the frequency selective channel. With the advantages of the single antenna port scheme when it comes to simplicity and allowing using the NR-SSS as the demodulation signal. 
[bookmark: _Toc478053699][bookmark: _Toc478061746][bookmark: _Toc478061775][bookmark: _Toc478061811][bookmark: _Toc478064734][bookmark: _Toc478147798][bookmark: _Toc478148334][bookmark: _Toc478150004][bookmark: _Toc478163396]The single antenna port transmission scheme is used for NR-PBCH transmissions
Reference signal for demodulation
Using the NR-SSS means that no additional overhead is needed for the demodulation reference signals. Also, if going to a single NR-PSS is agreed and adding more PCIs than in LTE, the NR-SSS reuse will be the same as for the PCI.
[bookmark: _Toc478053700][bookmark: _Toc478061747][bookmark: _Toc478061776][bookmark: _Toc478061812][bookmark: _Toc478064735][bookmark: _Toc478147799][bookmark: _Toc478148335][bookmark: _Toc478150005][bookmark: _Toc478163397]The NR-SSS is used for demodulation of NR-PBCH
NR-PBCH mapping in SS block
As discussed in [3], long network DTX should be possible in NR and low periodicity for NR-PSS/NR-SSS should be used. The NR-PBCH cannot be transmitted at a higher periodicity than NR-PSS/NR-SSS and in order to allow checking of system information at the same periodicity it is proposed that every SS block contains a NR-PBCH.
[bookmark: _Toc478053701][bookmark: _Toc478061748][bookmark: _Toc478061777][bookmark: _Toc478061813][bookmark: _Toc478064736][bookmark: _Toc478147800][bookmark: _Toc478148336][bookmark: _Toc478150006][bookmark: _Toc478163398]The transmission periodicity of NR-PBCH is the same as for NR-PSS/NR-SSS
When mapping to a SS block, the number of resource elements, or the OFDM symbols reserved for the NR-PBCH in a SS block needs to be further considered. In 3GPP RAN1#88 meeting, the following agreement was agreed for payload size:
· RAN1 targets design of NR PBCH to be no larger than [100 bits] and no less than 40 bits including CRC.
· This simply provide guidance for potential minimum and maximum value.

Thus, with the target coding rate about 0.1 as the same as that in LTE, the number of OFDM symbols in a SS block with 12 PRBs approximately equal to two, and the multiplexing within a SS block is illustrated in Figure 1. However, the exact number of OFDM symbols needs to be decided once the number of information bits in NR-PBCH has been agreed. 
[image: ]
[bookmark: _Ref477954179]Figure 1 Multiplexing NR-PBCH within a SS block
[bookmark: _Toc478053702][bookmark: _Toc478061749][bookmark: _Toc478061778][bookmark: _Toc478061814][bookmark: _Toc478064737][bookmark: _Toc478147801][bookmark: _Toc478148337][bookmark: _Toc478150007][bookmark: _Toc478163399]The number of OFDM symbols in one SS block reserved for NR-PBCH is FFS subject to the agreement on the number of information bits.
Due to the inclusion of at least part of the SFN in the NR-PBCH, the information will change with a certain periodicity. Any further discussion on the TTI of the NR-PBCH can be handled by RAN2. 
NR-PBCH content
System frame number
For the purpose of establishing system timing, the main part of the SFN can be included in the NR-PDSCH that carriers the remaining system information. The only part needed in the SS block with NR-PBCH is the NR-PBCH timing relative to the timing of the NR-PDSCH carrying the remaining system information.
[bookmark: _Toc478053703][bookmark: _Toc478061750][bookmark: _Toc478061779][bookmark: _Toc478061815][bookmark: _Toc478064738][bookmark: _Toc478147802][bookmark: _Toc478148338][bookmark: _Toc478150008][bookmark: _Toc478163400]The NR-PBCH carries the part of the SFN needed to inform the relative timing of the NR-PBCH to the NR-PDSCH with the remaining system information.
[bookmark: _Ref478147298]Value tag and area identifier
In order to allow UEs waking up from DRX to check the system information with minimal effort, there is clear benefit in including the values tag that informs the UE of changes in the system information already in the NR-PDSCH with remaining system information since it allows UEs to go back to sleep if the value tag has not changed and to start a random access procedure without having to read additional system information.
As discussed in [4], it is also useful for the UE to know if the system information is the same in the new cell as in previous cells and the UE is informed of this with an area identifier.
[bookmark: _Toc478053704][bookmark: _Toc478061751][bookmark: _Toc478061780][bookmark: _Toc478061816][bookmark: _Toc478064739][bookmark: _Toc478147803][bookmark: _Toc478148339][bookmark: _Toc478150009][bookmark: _Toc478163401]The value tag and an area identifier is included in the NR-PBCH. 
Information bits to indicate and decode the NR-PDSCH with remaining system information
[bookmark: _GoBack]The NR-PDSCH carrying the remaining system information will have variable payload and needs to be scheduled with MCS and resource assignments. The details of this is further discussed in [4] where we propose use the NR-PDCCH to schedule the NR-PDSCH requiring configuration of the common search space, the numerology of the NR-PDCCH, whether the scrambling and DMRS of NR-PDCCH and NR-PDSCH is based on the physical cell ID indicated by the SS block or the area identifier as mentioned in section 3.2 and finally the repetition levels for the two physical channels[8].
[bookmark: _Toc478053705][bookmark: _Toc478061752][bookmark: _Toc478061781][bookmark: _Toc478061817][bookmark: _Toc478064740][bookmark: _Toc478147804][bookmark: _Toc478148340][bookmark: _Toc478150010][bookmark: _Toc478163402]The NR-PBCH contains the information bits how to find and decode the NR-PDSCH carrying the remaining minimum system information
Soft combining of NR-PBCH
In [5] we discussed the benefit of allowing soft combining of the NR-PBCH within the SS burst to provide a general framework to allow repetition of the SS block both for beam sweeping and temporal repetition. Thus, we suggest that the NR-PBCH transmission do not only support the beam sweeping but also repetition to improve the performance in a flexibly way.  
[bookmark: _Toc478053707][bookmark: _Toc478061754][bookmark: _Toc478061783][bookmark: _Toc478061819][bookmark: _Toc478064741][bookmark: _Toc478147805][bookmark: _Toc478148341][bookmark: _Toc478150011][bookmark: _Toc478163403]The design of NR-PBCH should allow soft combining of NR-PBCH repetitions within an SS burst.
[bookmark: _Toc478061755]It is noted that the advanced UE processing can allow combining of the received NR-PBCH signals even if the content changes between instances[6], but otherwise the content within the SS burst should be fixed within the SS burst. To support the soft combining of NR-PBCH repetitions from multiple SS blocks, the different information bits, e.g., SS block time index in the SS burst, should not be carried by NR-PBCH. In [7], we suggest to introduce the addition signal in the SS block to deliver the block time index, i.e., NR-TSS.
Conclusion
In this contribution we discussed the NR-PBCH and make the following proposals:
Proposal 1	The single antenna port transmission scheme is used for NR-PBCH transmissions
Proposal 2	The NR-SSS is used for demodulation of NR-PBCH
Proposal 3	The transmission periodicity of NR-PBCH is the same as for NR-PSS/NR-SSS
Proposal 4	The number of OFDM symbols in one SS block reserved for NR-PBCH is FFS subject to the agreement on the number of information bits.
Proposal 5	The NR-PBCH carries the part of the SFN needed to inform the relative timing of the NR-PBCH to the NR-PDSCH with the remaining system information.
Proposal 6	The value tag and an area identifier is included in the NR-PBCH.
Proposal 7	The NR-PBCH contains the information bits how to find and decode the NR-PDSCH carrying the remaining minimum system information
Proposal 8	The design of NR-PBCH should allow soft combining of NR-PBCH repetitions within an SS burst.

References
[bookmark: _Ref474154928]R1-1703281, “On Transmit Diversity Schemes for a UE-Specific Search Space”, Ericsson
[bookmark: _Ref474154934]R1-1703282, “On Transmit Diversity Schemes for a Common Search Space”, Ericsson
[bookmark: _Ref474189662][bookmark: _Ref474163022]R1-1706010, “SS periodicity”, Ericsson
[bookmark: _Ref478146929]R1-1706011, “NR delivery of remaining system information”, Ericsson
[bookmark: _Ref474162386]R1-1700296, ”NR Minimum system information delivery”, Ericsson
[bookmark: _Ref474152299]R1-151223, “PBCH repetition for MTC”, Ericsson
[bookmark: _Ref478148259]R1-1706008, “SS Burst Set Composition”, Ericsson
[bookmark: _Ref478164026]R1-1706018, “System information for low complexity and extended coverage”, Ericsson
	1/1	
image1.png





 


1


/


1


 


 


3GPP TSG


-


RAN WG1 


Meeting 


#88


bis


 


R1


-


17


0


6011


 


Spokane, 


WA, 


US


A


, 3


th


-


 


7


th


 


April 2017


 


 


Agenda Item:


 


8


.1.1.


2


.


1


 


Source:


 


Er


icsson


 


Title:


 


NR


 


physical broadcast physical channel 


d


esign


 


Document 


for:


 


Discussion, Decision


 


1


 


Introduction


 


In this contribution we address the following topics related to NR


-


PBCH design:


 


·


 


Number of antenna ports and transmission scheme


 


·


 


Reference signal for demodulation


 


·


 


NR


-


PBCH mapping in SS block


 


·


 


NR


-


PBCH content


 


·


 


Soft combin


ing of NR


-


PBCH within an SS burst


 


2


 


NR


-


PBCH design


 


2.1


 


Transmission scheme


 


The following agreements were made on the number of antenna ports and transmission schemes were at 


the RAN1


#88 meeting


:


 


 


Note that the decision to have a single fixed number of antenna ports should not be taken as a decision not 


to support a varying number 


of physical antennas. Implementing single antenna base stations should be 


possible, while NR should exploit the omnipresence of dual polarized antenna configurations. This means 


that a transmission scheme that supports two antenna ports and 


does not incur 


any penalty compared to if 


single antenna port operation was specified


. In 


[1]


 


and 


[2]


, the t


ransmit 


diversity s


chemes for 


the control 


channel with UE specific and c


ommon 


s


earch 


s


pace


s are discussed. The NR


-


PBCH, having a low code rate, 


is similar to the common search space control channel


, meaning that most of the diversity 


gain can be 


harvested from the frequency selective channel.


 


With the advantages of the single antenna port scheme 


when it comes to simplicity and allowing using the NR


-


SSS as the demodulation signal. 


 


Proposal 1


 


T


he single


 


antenna port 


transmission scheme


 


is used for


 


NR


-


PBCH transmissions


 


2.2


 


Reference signal for demodulation


 


Using the NR


-


SSS means that no additional overhead is needed for the demodulation reference signals. 


Also, if going to a single NR


-


PSS is agreed and adding more PCIs than in LTE, the NR


-


SSS reuse w


il


l be the 


same as for the PCI.


 


Proposal 2


 


The 


NR


-


SSS


 


is used for demodulation of NR


-


PBCH


 


•


 


For NR


-


PBCH transmission, NR supports a single transmission 


schemes selected from following 


schemes:


 


–


 


A s


ingle antenna port based transmission scheme 


 


–


 


Two antenna port based SFBC.


 




  1 / 1     3GPP TSG - RAN WG1  Meeting  #88 bis   R1 - 17 0 6011   Spokane,  WA,  US A , 3 th -   7 th   April 2017     Agenda Item:   8 .1.1. 2 . 1   Source:   Er icsson   Title:   NR   physical broadcast physical channel  d esign   Document  for:   Discussion, Decision   1   Introduction   In this contribution we address the following topics related to NR - PBCH design:      Number of antenna ports and transmission scheme      Reference signal for demodulation      NR - PBCH mapping in SS block      NR - PBCH content      Soft combin ing of NR - PBCH within an SS burst   2   NR - PBCH design   2.1   Transmission scheme   The following agreements were made on the number of antenna ports and transmission schemes were at  the RAN1 #88 meeting :     Note that the decision to have a single fixed number of antenna ports should not be taken as a decision not  to support a varying number  of physical antennas. Implementing single antenna base stations should be  possible, while NR should exploit the omnipresence of dual polarized antenna configurations. This means  that a transmission scheme that supports two antenna ports and  does not incur  any penalty compared to if  single antenna port operation was specified . In  [1]   and  [2] , the t ransmit  diversity s chemes for  the control  channel with UE specific and c ommon  s earch  s pace s are discussed. The NR - PBCH, having a low code rate,  is similar to the common search space control channel , meaning that most of the diversity  gain can be  harvested from the frequency selective channel.   With the advantages of the single antenna port scheme  when it comes to simplicity and allowing using the NR - SSS as the demodulation signal.    Proposal 1   T he single   antenna port  transmission scheme   is used for   NR - PBCH transmissions   2.2   Reference signal for demodulation   Using the NR - SSS means that no additional overhead is needed for the demodulation reference signals.  Also, if going to a single NR - PSS is agreed and adding more PCIs than in LTE, the NR - SSS reuse w il l be the  same as for the PCI.   Proposal 2   The  NR - SSS   is used for demodulation of NR - PBCH  

•   For NR - PBCH transmission, NR supports a single transmission  schemes selected from following  schemes:   –   A s ingle antenna port based transmission scheme    –   Two antenna port based SFBC.  

