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Introduction
At RAN1#89 the following was decided regarding the delivery of the remaining system information (RMSI):
	Agreements:
· For RMSI, the same subcarrier spacing is used for data and control channels
· For paging, the same subcarrier spacing is used for data and control channels
· RAN1 will strive to minimize the subcarrier spacing switching point during the initial access and idle mode
· FFS: Whether the subcarrier spacing of data and control channel is the same between RMSI and paging



At RAN1#88bis the following was decided regarding the delivery of the remaining system information: 
	Agreements:
· Down-select one of SCS options for the remaining minimum system information transmission
· Option 1: PBCH signals the SCS of the remaining minimum system information 
· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the remaining minimum system information
· FFS whether the SCS refers to the control and/or data channel for remaining minimum system information
· Note: RAN2 has decided to go with option 2
· Down-select one of SCS options for PRACH msg. 3 transmission 
· Option 1: RACH configuration (possibly within PBCH or the remaining minimum system information) provides the SCS of the PRACH msg. 3
· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the PRACH msg. 3
· Option 3: RAR can indicate the SCS of the PRACH msg. 3 transmission 
· FFS the determination of the SCS for msg  1, 2, and 4

Agreements:
· NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH.
· NR-PBCH provides configuration information for the NR-PDCCH scheduling the NR-PDSCH carrying the remaining minimum system information
· FFS if a part of configuration information can be derived by specification
Agreements:
· The broadcast delivery of other system information (OSI) is supported by NR-PDSCH transmission. The scheduling information of broadcast NR-PDSCH is considered to be carried by the following option(s):
· Option 1: NR-PDCCH
· Option 2: Remaining minimum system information
· Other options are not precluded
· FFS: Maximum TBS for OSI.



In this contribution, we discuss further the delivery of the remaining minimum system information. 
This contribution is a revision of R1-1714037.
Discussion
As shown above, RAN1 agreed that the NR-PDSCH carrying the remaining minimum system information is scheduled using NR-PDCCH. In this section, we discuss some of the configurability required for the delivery of the RMSI in 5G-NR.
[bookmark: _Ref477973545]Periodicity and TTI
The periodicity of the NR-PDSCH carrying the remaining minimum system information does not have to be the same as the TTI of the content of the channel (i.e. the NR-SIB1). It is beneficial that UEs in good channel conditions can decode the NR- PDSCH from only one repetition of the physical channel. However, in order to keep the overhead from the NR-PDSCH carrying the remaining minimum system information low, coverage limited UEs should be able to combine multiple repetitions before decoding the NR-PDSCH carrying the remaining minimum system information. This can be handled by transmitting different redundancy versions at each instance of the NR-PDSCH within the associated TTI.
At RAN1#88bis it was agreed that the maximum SS Block periodicity is 160 ms. This SS Block periodicity does not support initial access and hence it is unclear if any RMSI need to be transmitted in a cell with 160 ms SS Block periodicity. However, for providing additional parameters (e.g. the global cell ID required for automatic neighbor relation ANR configuration algorithms) a RMSI transmission is required. The decision on the TTI for the remaining minimum system information (i.e. NR-SIB1) is left for RAN2 to decide. In the RAN2 paper [4] we propose that the TTI of the NR-SIB1 should be 80 ms when the SS Block periodicity is 5, 10, 20, 40, or 80 ms and it should be 160 ms when the SS Block periodicity is 160 ms.
There may be a dependence between the SS Block periodicity and the TTI of the RMSI that needs to be considered also in RAN1. The periodicity of NR-PDSCH carrying RMSI should preferably be equal to the periodicity of the SS Block transmission (e.g. 5, 10, 20, 40, 80, 160 ms) or lower. An example is shown in Figure 1. In this example, the UE receives at least one SS Block and at least one redundancy version of NR-PDSCH every 20 ms while the TTI of the remaining minimum system information is 80 ms. 
For cells supporting initial access the SS Block periodicity can be 5, 10 or 20 ms and for NSA cells the SS Block can also be 40, 80, or 160 ms. Since SS Blocks are used for both idle mode (e.g. initial access) and active mode purposes (e.g. AMM measurements) it is not obvious that the RMSI which is primarily relevant for UEs in idle mode must be transmitted with the same periodicity as the SS Blocks. E.g. using an SS Block periodicity of 5 ms could be beneficial in cells with high mobility UEs. But enforcing that the RMSI must also transmitted with the same periodicity could result in unnecessary high overhead for the RMSI transmission.  
The periodicity of the RMSI could be part of the CORESET configuration of the NR-PDCCH provided in the NR-MIB. Assuming that the UE can estimate the SS Block periodicity blindly the RMSI periodicity could be signaled with e.g. 2 bits which would allow for RMSI periodicities being {1, 2, 4, 8} times the SS Block periodicity. Alternatively, one could argue that the most important options for RMSI periodicity is 5 ms, 20 ms, 80 ms and 160 ms. When the SS Block periodicity is e.g. 40 ms it would then only be possible to transmit the RMSI with 80 ms (e.g. every second SS Block transmission occasion). Yet another alternative is to assume that the UE knows the SS Block periodicity a-priori for all cells with SS Block periodicity larger than 20 ms but not for cells with SS Block periodicity equal to or smaller than 20 ms. This makes sense since UEs need to be configured with additional information about cells with SS Block periodicity larger than 20 ms before they can be used. Hence, we propose that the CORESET configuration shall indicate with two bits of information if the RMSI periodicity is {5, 10, 20, or “same as SS Block periodicity”}.
[image: ]
[bookmark: _Ref470015998][bookmark: _GoBack]Figure 1: Example deployment where the UE receives at least one SS Block and at least one redundancy version of the NR-PDSCH carrying the remaining minimum system information every 20 ms with the actual TTI of the transport channel on the NR-PDSCH being 80 ms (RMSI TTI is for RAN2 to decide).
[bookmark: _Toc484422504][bookmark: _Toc484423419][bookmark: _Toc492650216][bookmark: _Toc492952591][bookmark: _Toc494354582][bookmark: _Toc494354626][bookmark: _Toc494701846][bookmark: _Toc494737315][bookmark: _Toc494746813][bookmark: _Toc494759673]NR-PDSCH carrying the remaining minimum system information is transmitted with a certain periodicity with different redundancy versions within the TTI.
[bookmark: _Toc494354583][bookmark: _Toc494354627][bookmark: _Toc494701847][bookmark: _Toc494737316][bookmark: _Toc494746814][bookmark: _Toc494759674]The periodicity of the NR-PDCCH/NR-PDSCH carrying RMSI is signaled as part of the CORESET configuration in NR-MIB.
[bookmark: _Toc494354584][bookmark: _Toc494354628][bookmark: _Toc494701848][bookmark: _Toc494737317][bookmark: _Toc494746815][bookmark: _Toc494759675]The periodicity of the NR-PDCCH/NR-PDSCH carrying RMSI can be configured to be {5 ms, 10 ms, 20 ms, or “same as SS Block periodicity”}.
[bookmark: _Ref481705326]RMSI delivery mechanisms
Wide-beam RMSI transmission
Transmitting the RMSI in a wide beam, such as a sector covering 120-degree beam or an omni beam, is beneficial from a network energy consumption point of view. This requires the minimum amount of spatial repetitions which will enable a maximum amount of discontinuous transmission (DTX) in the network hardware components. 
Having the option of transmitting the RMSI in a single wide beam (possibly with multiple redundancy versions, low MCS, and/or power boosting) is also a beneficial in case the system bandwidth is not sufficient for frequency multiplexing of the SSB and the RMSI. In such deployments the SS Blocks may still be transmitted in more narrow beams. The number of beams used for SS Block transmissions may be larger than the number of RMSI beams, e.g. to enable beamforming of PRACH transmission and reception. 
For low frequency band deployments (below 3 GHz) where the maximum number of SS Blocks is L=4 the coverage achieved when transmitting the RMSI in wide-beams should be sufficient, since this is what is done in LTE in these frequency bands. Also for mid bands (3-6 GHz) when the maximum number of SS Blocks is L=8 it should be sufficient with wide beam transmissions of the RMSI in many cases, e.g. in dense deployments. Since the SS Block can also be used for active mode mobility (AMM) measurements we may want to transmit the SS Block in more narrow beams than the RMSI to include some of the potential beamforming gains in the AMM measurements.
In deployments where SS Block beam-forming is not required to achieve sufficient PRACH performance (primarily on lower frequency bands) the SS Block may be transmitted in the same wide beam as the RMSI. 
RMSI beam-sweeping: joint versus separate sweeps
The RMSI can also be beam-swept and transmitted in the same beams as the SS Blocks (e.g. frequency multiplexed with SS Blocks). When analog beamforming is used, the bandwidth not occupied by the SS Blocks will otherwise be wasted. When the analog beamformer in the transmitter is pointing in a certain direction it is anyway not possible to send data to a UE in any other beam.
In that case, and when there is sufficient system bandwidth to frequency multiplex the SS Block with the RMSI, it should be possible to transmit the RMSI in the same narrow beams as the SS Block. Both the SS Block and the RMSI should then be possible to transmit in one single beam sweep.
When there is not enough bandwidth for frequency multiplexing the SS Block and the RMSI in one sweep it should be possible to send the RMSI in a separate sweep, possibly using fewer beams and wider beams.
To frequency multiplex RMSI transmissions with SS Block transmissions it should be possible to be able to transmit the NR-PDCCH/NR-PDSCH providing RMSI in the same symbols as those used by SS Blocks. This requires that the NR-PDCCH/NR-PDSCH providing RMSI can be transmitted in mini-slots. Mini-slots are also beneficial when RMSI transmissions are time-multiplexed with SS Block transmissions (e.g. in separate sweep) since that can enable a faster RMSI delivery.
[bookmark: _Toc492650219][bookmark: _Toc492952594][bookmark: _Toc494354585][bookmark: _Toc494354629][bookmark: _Toc494701849][bookmark: _Toc494737318][bookmark: _Toc494746816][bookmark: _Toc494759676]RMSI transmissions can be both frequency-multiplexed as well as time-multiplexed with SS Block transmissions.
[bookmark: _Toc492650220][bookmark: _Toc492952595][bookmark: _Toc494354586][bookmark: _Toc494354630][bookmark: _Toc494701850][bookmark: _Toc494737319][bookmark: _Toc494746817][bookmark: _Toc494759677]RMSI transmissions can occur in mini-slots as well as in normal slots.
RMSI transmission in wide-band carriers with multiple frequency separated SS Blocks
RAN1 has agreed supporting single or multiple SS Blocks within a wideband carrier in the frequency domain. If multiple SS blocks in the frequency domain is to be supported it will also have an impact on the RMSI transmission.
To avoid unnecessary overhead, it is important that introducing multiple frequency-multiplexed SS Block transmissions does not require that we also transmit RMSI on each of these frequencies.
[bookmark: _Toc492650221][bookmark: _Toc492952596][bookmark: _Toc494354587][bookmark: _Toc494354631][bookmark: _Toc494701851][bookmark: _Toc494737320][bookmark: _Toc494746818][bookmark: _Toc494759678]A wide-band carrier with multiple frequency-separated SS Blocks can be configured with only one RMSI transmission. 
RMSI delivery discussion
Using narrow beams for wide-area broadcast is not always very efficient. Especially for lower frequency bands the coverage that can be achieved when the RMSI is transmitted in wider sector or omni beams might be fully sufficient. To avoid unnecessary spatial repetition of information it is important that the RMSI can be transmitted in wider beams than the SS Blocks. The UE should not assume that the RMSI is always spatially quasi co-located with any SS Block transmission. Instead it should be explicitly signaled to the UE, using a bit in the NR-MIB, if the UE may assume that the RMSI is transmitted in the same beam as the SS Block or not. An example of a deployment where the RMSI transmission is not spatially QCL is depicted in Figure 2.
[bookmark: _Toc484422505][bookmark: _Toc484423420][bookmark: _Toc492650222][bookmark: _Toc492952597][bookmark: _Toc494354588][bookmark: _Toc494354632][bookmark: _Toc494701852][bookmark: _Toc494737321][bookmark: _Toc494746819][bookmark: _Toc494759679]NR should support at least two different delivery mechanisms for the NR-PDCCH / NR-PDSCH carrying the RMSI: (1) Non-spatially QCL with SS Block (e.g. for omnidirectional or wide beam transmission), and (2) Spatially QCL with SS Block (e.g. for analogue beam sweeping of narrow beams).
[bookmark: _Toc492650223][bookmark: _Toc492952598][bookmark: _Toc494354589][bookmark: _Toc494354633][bookmark: _Toc494701853][bookmark: _Toc494737322][bookmark: _Toc494746820][bookmark: _Toc494759680]The NR-MIB contains a QCL-bit related to the RMSI transmission which indicates to the UE if the RMSI transmission is spatially QCL with the SS Block or not. 
Allowing for transmissions of RMSI that are not spatially QCL with SS Block transmissions is also useful in other type of deployments, such as HetNet and C-RAN scenarios, where only some of the nodes transmit RMSI while other nodes do not.
[image: ]
Figure 2: Example with RMSI transmission in wide beam and SS Block transmissions in narrow beams.
When the RMSI transmission is not spatially QCL with the SS Block transmission an additional RS, e.g. a Tracking Reference Signal, might be used for detection of the NR-PDCCH/NR-PDSCH, see [3] for more details. In that case the same QCL bit in the NR-MIB may be used to configure also the existence of such an additional RS.
In some deployments, as described in [5], there may be excessive time or frequency misalignment between the default, swept SSB that RMSI PDCCH reception is not feasible even with the help of TRS. To provide an additional coarse sync reference that is QCL with the RMSI PDCCH, a network may be deployed so that one or more SSB time indices are transmitted as a wide-beam or cell-covering transmissions that are QCL (i.e. can be used as the sync reference) for access-related signals (RMSI, OSI, RAR, paging, etc.) while remaining time indices can be narrowly beamformed to provide higher-resolution beam direction info during access or to support active mode procedures [3]; they can also be dynamically activated and configured. This is possible since existing agreements allow the NW to flexibly configure SSB transmissions for the different sweep time indices – it is not necessary to use the same beam width or power for all transmissions, or contiguous directions.
[bookmark: _Toc494746821][bookmark: _Toc494759681]NR should support QCL association of RMSI signals with suitable subsets of SSB transmissions during an SSB burst.
Above, it was proposed that a bit in NR-MIB be used to indicate whether the RMSI is QCL with the SSB. If the bit indicated a non-QCL configuration, an alternative sync source may be implied. For the RMSI reception use case, the SSB-RMSI QCL bit in MIB can be used to indicate which SSB transmissions are suitable (QCL) for RMSI PDCCH reception. If the deployment examples in [3] is used, the QCL bit in the given SSBn (n>0) beam set to 0 directs the UE to use SSB0 for RMSI reception. 
[bookmark: _Toc494716904][bookmark: _Toc494746822][bookmark: _Toc494759682]SSB-RMSI QCL bit in NR-MIB in the current SSBn (time index n in sweep) indicates whether the current SSBn or SSB0 should be used as QCL reference for RMSI reception.

Conclusion
[bookmark: _In-sequence_SDU_delivery][bookmark: _Hlk492593645]Based on the discussion in this contribution we propose the following:
Proposal 1	NR-PDSCH carrying the remaining minimum system information is transmitted with a certain periodicity with different redundancy versions within the TTI.
Proposal 2	The periodicity of the NR-PDCCH/NR-PDSCH carrying RMSI is signaled as part of the CORESET configuration in NR-MIB.
Proposal 3	The periodicity of the NR-PDCCH/NR-PDSCH carrying RMSI can be configured to be {5 ms, 10 ms, 20 ms, or “same as SS Block periodicity”}.
Proposal 4	RMSI transmissions can be both frequency-multiplexed as well as time-multiplexed with SS Block transmissions.
Proposal 5	RMSI transmissions can occur in mini-slots as well as in normal slots.
Proposal 6	A wide-band carrier with multiple frequency-separated SS Blocks can be configured with only one RMSI transmission.
Proposal 7	NR should support at least two different delivery mechanisms for the NR-PDCCH / NR-PDSCH carrying the RMSI: (1) Non-spatially QCL with SS Block (e.g. for omnidirectional or wide beam transmission), and (2) Spatially QCL with SS Block (e.g. for analogue beam sweeping of narrow beams).
Proposal 8	The NR-MIB contains a QCL-bit related to the RMSI transmission which indicates to the UE if the RMSI transmission is spatially QCL with the SS Block or not.
Proposal 9	NR should support QCL association of RMSI signals with suitable subsets of SSB transmissions during an SSB burst.
Proposal 10	SSB-RMSI QCL bit in NR-MIB in the current SSBn (time index n in sweep) indicates whether the current SSBn or SSB0 should be used as QCL reference for RMSI reception.

References
[bookmark: _Ref484422122][bookmark: _Ref473906658]R1-1716152, “Other system information delivery”, Ericsson, 3GPP TSG RAN WG1 Meeting 90bis, Prague, CZ, 9th – 13th, October 2017.
R1-1716150, “Remaining details on NR-PBCH design”, Ericsson, 3GPP TSG RAN WG1 Meeting 90bis, Prague, CZ, 9th – 13th, October 2017.
[bookmark: _Ref492650445][bookmark: _Hlk485297352]R1-1716158, “Additional synchronization provision”, Ericsson, 3GPP TSG RAN WG1 Meeting 90bis, Prague, CZ, 9th – 13th, October 2017.
[bookmark: _Ref494701225]R2-1710392, “Transmission time interval for NR-MIB and NR-SIB1”, Ericsson, 3GPP TSG RAN WG2#99bis, Prague, Czech Republic, 9th – 13th October 2017.


	1/1	
image1.png
sing sS

HJSAd-dN

sing sS
'
'
'
'
'
'
'
'
'
'
'
'
'
'

sing sS

HJSAd-dN
sing sS

sing sS

HJSAd-dN
sing sS

sing sS

HJSAd-dN
sing sS

20ms

20ms

20ms

20ms

RMSI TTI, e.g. 80 ms




image2.png
(('EI

=2

Narrow-beam transmission
of SS Blocks

Wide-beam
RMSI transmission

time

20ms

20ms





 


 


1


/


1


 


 


3GPP TSG RAN WG1 Meeting 90bis


             


    


 


 


 


 


R1


-


1718712


 


Prague, C


zech Republic


, 9


th


 


–


 


13


th


 


October 2017


 


Agenda Item:


 


7


.1.2.2


 


Source:


 


Ericsson


 


Title:


 


Remaining details


 


of remaining 


minimum 


system information


 


Document for:


 


Discussion, Decision


 


1


 


Introduction


 


At RAN1#89 the following


 


was decided regarding the delivery of the remaining system information


 


(RMSI)


:


 


Agreements:


 


•


 


For RMSI, the same subcarrier spacing is used for data and control 


channels


 


•


 


For paging, the same subcarrier spacing is used for data and control channels


 


•


 


RAN1 will strive to minimize the subcarrier spacing switching point during the initial 


access and idle mode


 


•


 


FFS: Whether the subcarrier spacing of data and control chann


el is the same between 


RMSI and paging


 


 


A


t RAN1#88


bis


 


the following was decided regarding the delivery of the remaining system 


information: 


 


Agreements:


 


•


 


Down


-


select one of SCS options for the remaining minimum system information transmission


 


–


 


Option 1: PBCH signals the SCS of the remaining minimum system information 


 


–


 


Option 2: The same SCS applied in PBCH transmission is used for the transmission of the 


remaining minimum system information


 


–


 


FFS whether the SCS refers to the control and/or data c


hannel for remaining minimum system 


information


 


–


 


Note: RAN2 has decided to go with option 2


 


•


 


Down


-


select one of SCS options for PRACH msg. 3 transmission 


 


–


 


Option 1: RACH configuration (possibly within PBCH or the remaining minimum system 


information) provide


s the SCS of the PRACH msg. 3


 


–


 


Option 2: The same SCS applied in PBCH transmission is used for the transmission of the PRACH 


msg. 3


 


–


 


Option 3: RAR can indicate the SCS of the PRACH msg. 3 transmission 


 


•


 


FFS the determination of the SCS for msg  1, 2, and 4


 


 


A


greements:


 


•


 


NR


-


PDSCH carrying the remaining minimum system information is scheduled using NR


-


PDCCH.


 


•


 


NR


-


PBCH provides 


configuration 


information for the NR


-


PDCCH scheduling the NR


-


PDSCH carrying the 


remaining minimum system information


 




    1 / 1     3GPP TSG RAN WG1 Meeting 90bis                            R1 - 1718712   Prague, C zech Republic , 9 th   –   13 th   October 2017   Agenda Item:   7 .1.2.2   Source:   Ericsson   Title:   Remaining details   of remaining  minimum  system information   Document for:   Discussion, Decision   1   Introduction   At RAN1#89 the following   was decided regarding the delivery of the remaining system information   (RMSI) :  

Agreements:   •   For RMSI, the same subcarrier spacing is used for data and control  channels   •   For paging, the same subcarrier spacing is used for data and control channels   •   RAN1 will strive to minimize the subcarrier spacing switching point during the initial  access and idle mode   •   FFS: Whether the subcarrier spacing of data and control chann el is the same between  RMSI and paging  

  A t RAN1#88 bis   the following was decided regarding the delivery of the remaining system  information:   

Agreements:   •   Down - select one of SCS options for the remaining minimum system information transmission   –   Option 1: PBCH signals the SCS of the remaining minimum system information    –   Option 2: The same SCS applied in PBCH transmission is used for the transmission of the  remaining minimum system information   –   FFS whether the SCS refers to the control and/or data c hannel for remaining minimum system  information   –   Note: RAN2 has decided to go with option 2   •   Down - select one of SCS options for PRACH msg. 3 transmission    –   Option 1: RACH configuration (possibly within PBCH or the remaining minimum system  information) provide s the SCS of the PRACH msg. 3   –   Option 2: The same SCS applied in PBCH transmission is used for the transmission of the PRACH  msg. 3   –   Option 3: RAR can indicate the SCS of the PRACH msg. 3 transmission    •   FFS the determination of the SCS for msg  1, 2, and 4     A greements:   •   NR - PDSCH carrying the remaining minimum system information is scheduled using NR - PDCCH.   •   NR - PBCH provides  configuration  information for the NR - PDCCH scheduling the NR - PDSCH carrying the  remaining minimum system information  

