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Introduction
In RAN1#NR AH and #87 meeting, the following were agreed [1], [2]:
· For study of the cases where  NR-PBCH carries a part of minimum system information, consider the following alternatives (or combinations) for the minimum system information other than those included in NR-PBCH: 
· Alt. 1:  NR defines the additional channel as secondary broadcast channel
· Secondary broadcast channel may be different design from NR-PBCH, e.g. payload size, resource mapping, periodicity and etc.
· FFS on transmission: beam-specific, cell-specific, and/or TRP-specific, etc.
· Alt. 2:  The remaining information is transmitted in shared downlink channel similar to ,e.g. NR-PDSCH
· FFS on transmission: UE-specific, UE group-specific, beam-specific,  cell-specific, and/or TRP-specific, etc.
· Note: This does not preclude defining of other mechanisms transmitting Other SI
· Consider followings for minimum system information transmission:
· NR-PBCH is a non-scheduled broadcast channel carrying at least a part of minimum system information with fixed payload size and periodicity predefined in the specification depending on carrier frequency range
· Alt. 1: NR-PBCH carries a part of minimum system information
· Alt 1-1 : remaining minimum system information is transmitted via other channel at least partially indicated by NR-PBCH
· Alt 1-2: Remaining minimum system information is transmitted via other  channel not indicated in NR-PBCH
· Alt. 2: NR-PBCH carries all of minimum system information
· NR-PBCH contents shall include:
· At least part of the SFN (system frame number)
· FFS on the number of bits used to indicate SFN
· FFS how much of the SFN is indicated explicitly, and how much (if any) is indicated implicitly
· CRC (FFS number of bits)
· FFS:
· In case remaining minimum system information is carried on PDSCH, configuration for PDSCH or control resource set for scheduling PDSCH
· In case remaining minimum system information is carried on secondary physical broadcast channel, configuration of secondary physical broadcast channel 
· Configuration information for initial uplink transmission; in this case, it may not be necessary to include configuration information for remaining minimum system information
· Other parameters
[bookmark: _Ref129681832]
In this contribution, on-demand system information (SI) transmission and remaining minimum SI delivery mechanisms are discussed.
SI transmission
On demand SI transmission
For multi-beam operation, the broadcast signal/channel needs to be beam swept in the targeted coverage area. To reduce the overhead incurred by beam sweeping, as a baseline, it is suggested to include both of SS (i.e., PSS and SSS) and PBCH in each of SS blocks, where (part of) minimum information necessary for UE to perform initial UL transmission (not limited to PRACH) are provided. In this way, PBCH shares the same periodicity as the SS burse set, and the delay between the detection of SS and PBCH can be reduced/minimized, and if properly designed, SS may serve as DM-RS for PBCH [3]. 
As discussed in [4], the first layer with a default periodicity is the always-on beams for SS and essential SI, but with relatively long periodicity. Based on the counted distribution of active UEs, the network can further allocate additional resources to transmit on-demand SS and essential SI with short updated periodicity for the beams with high density of UEs, which consists of the second layer of SS blocks as shown in figure 1. In this layer, the beams where no or limited number of UEs was detected can be turned off, with which the overhead for broadcast signal/channel can reduced compared with the case with increased density for the first layer of SS blocks. 
[image: ]
 Figure 1 Illustration of different transmission schemes for broadcast signal/channel
Proposal 1: On-demand transmission of broadcast channel and essential system information to reduce the overhead for broadcast signal/channel should be supported in NR.
Reliability consideration of SI transmission
An observation from the above 6GHz channel model study item is that the channel will be affected by the blockage, caused by moving or static objects. This blockage issue may greatly impact the channel quality of a radio link. Therefore, it is necessary to study robust transmission schemes to overcome the blockage effect at high frequency bands.
In order to alleviate this blockage issue, NR-PDCCH transmission with multiple beam pair links had been agreed at last meeting. For beam based access procedure, multi-beam association should also be introduced. Similar with NR-PDCCH, UE simultaneously maintain multiple accesses/connections with different beams as shown in Figure 2a. Some of the beams may not be used for transmission, but just for backups. For example, UE can select multiple SS resources with different beams to keep the coarse time/frequency synchronization. Furthermore, multiple preambles for UE can also be transmitted to overcome the impact of UE’s rotation or mobility as shown in Figure 2b.  
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(a)                                                                            (b)
Figure 2 Illustration of multi-beam association
In LTE, it allows for maximum four times combination for the PBCH transmitted in consecutive four frames to boost the receiving performance of PBCH. Analogous to LTE, in the NR, to further improve the robustness of transmission in beam based access, combination of signal/information with different beams can be considered as shown in Figure 3. The combined scheme can be applied to multiple broadcast channels with different beams. It can also be applied to multiple system information with different beams. Considering that the content of system information for different beam may be different. Thereby combination indication information to determine whether the contents for different beams are same is needed, e.g. this indication information can be carried by broadcast channel or system information itself. 
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Figure 3 Illustration of multi-beams’ signal combination 
Based on the above discussions, we have the following proposals:
Proposal 2: The combination of broadcast channel/system information from multiple beams should be supported to overcome the blockage issue in NR. 
Remaining minimum SI (RMSI) transmission
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]In the response LS on minimum SI from RAN2 [5], the minimum SI includes at least the following parameters: 
· SFN
· a list of PLMNs
· A cell ID
· Cell camping parameters
· RACH parameters
· Scheduling information for other SI
· SIB type
· Validity information
· SI Periodicity
· SI-window information
· An indicator whether the concerned SI-block is periodically broadcast or provided on demand
· Parameters required for requesting other SI-block(s) (if any needed, e.g. RACH preambles for request), if network allows on demand mechanism.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18]As discussed in above section, except for these listed parameters, an indicator for SI-block content tag to determine whether multiple system information from different beams can be combined should also be included in this minimum SI.
NR-PBCH is a non-scheduled broadcast channel carrying with limited resources. It is not desirable to carry all the minimum SI which requires large resources. Therefore, NR-PBCH should carry only a part of the minimum system information.
Furthermore, RAN2 agreed that minimum SI is always present and periodically broadcast at a cell [5]. For above 6GHz band, beam sweeping is necessary for the whole cell coverage. Therefore, the beam sweeping overhead should be one of the major concerns for the RMSI transmission. One efficient way for the RMSI broadcasting is that RMSI transmitted in the NR-PDSCH, where the scheduling is based on the DCI in PDCCH. The DCI could be multiplexed with the SS block to avoid another round of beam sweeping. gNB has the freedom to adjust the swept beam numbers to reduce the beam sweeping overhead. For example, based on the history statistics, if some beams are less likely to have users, gNB could schedule such beams for RMSI transmission with a long periodicity. Or if gNB could obtain the beam information from RACH preambles as described in the on demand transmission in Section 2.1, gNB could also only schedule the beams with users. In addition, such design could have better forward compatibility when we need to support more RMSI. 
Another major concern is that the indication for the RMSI reception should not complicate NR-PBCH design. If the RMSI transmission resources in the NR-PDSCH are fully indicated by NR-PBCH, the flexibility for the RMSI transmission is limited, since the payload size for NR-PBCH should be small and fixed. Therefore, the indication for the RMSI reception should be at least based on part of DCI in PDCCH. For example, NR-PBCH indicates the resource of PDCCH carrying the scheduling information for RMSI.
Based on the above discussion, we have following proposal
[bookmark: OLE_LINK364][bookmark: OLE_LINK365]Proposal 3:  Due to flexibility and forward compatibility, remaining minimum system information carried on PDSCH should be considered.
Summary of proposals
In this contribution, the physical channel design of PBCH and corresponding evaluation are given and analyzed. The proposals in this paper are summarized as follows:
Proposal 1: On-demand transmission of broadcast channel and essential system information to reduce the overhead for broadcast signal/channel should be supported in NR.
Proposal 2: The combination of broadcast channel/system information from multiple beams should be supported to overcome the blockage issue in NR. 
Proposal 3: Due to flexibility and forward compatibility, remaining minimum system information carried on PDSCH should be considered.
References
[bookmark: _Ref474079221][bookmark: _Ref167612875][bookmark: OLE_LINK1][bookmark: _Ref167612671]3GPP RAN1#87, Chairman’s note, November, 2016.
[bookmark: _Ref474079223]3GPP RAN1# NR Ad Hoc Meeting, Chairman’s note, Jan., 2017.
[bookmark: _Ref474155105]R1-1701722 “Discussion and evaluation on broadcast channel/signals transmission for beam based initial access”, Huawei, HiSilicon, RAN1#88, Feb., 2017.
[bookmark: _Ref473193859][bookmark: OLE_LINK4][bookmark: OLE_LINK5]R1-1701721, “Discussion and evaluation on NR-SS periodicity”, Huawei, HiSilicon, RAN1#88, Feb., 2017.
[bookmark: _Ref473193816]R1-1701519 “Response LS on minimum system information”, RAN2, Spokane, USA, 16th - 20th January 2017.
image3.emf
 

Connection1  with Beam1

SS

Connection2  with Beam  2

NR-RS

CCH

SS  1

SS  2

SS  3

Connection3  with Beam  3


image4.wmf
TRP

PSS

/

SSS

Time Interval

Multiple 

beams

Multiple 

beams


Microsoft_Visio___1.vsdx


































TRP





PSS/SSS
Time Interval


Multiple beams


Multiple beams



image1.emf
 

SS

Essential SI

Always-on beams for 

SS and essential SI

On-demand beams for 

SS and essential SI

Time


image2.emf
 

B

C

H

/

S

S

B

C

H

/

S

S

BCH/SS

Preamble 1

Preamble 2

Multiple connections for RACH



3GPP 

TSG RAN 

WG

1

 

Meeting

 

#88

 

R1

-

 

1703354

 

Athens

, 

Greece

, 

13

th

 

-

 

17

th

 

February

 

201

7

 

 

 

Agenda Item:

 

8

.1.

1

.2

.

2

 

Source:

 

Huawei

, HiSilicon

 

Title:

 

Remaining system information delivery for NR

 

Document for:

 

Discussion and decision

 

 

 

 

1

 

Introduction

 

In RAN1#NR AH

 

and #87

 

meeting, the following were agreed 

[1]

, 

[2]

:

 

•

 

For study of the cases where  

NR

-

PBCH carries a part of minimum system information

,

 

consider 

the following alternatives (or combinations) for t

he 

minimum 

system information other

 

than those 

included in NR

-

PBCH

: 

 

–

 

Alt. 1:  NR defines the additional channel as secondary broadcast channel

 

•

 

Secondary broadcast channel may be different design from NR

-

PBCH, e.g. 

payload size, resource mapping, periodicity and etc.

 

•

 

FFS 

on transmission

:

 

bea

m

-

specific

, 

cell

-

specific

, and/or TRP

-

specific, etc.

 

–

 

Alt. 2:  The remaining information is transmitted in shared downlink channel similar 

to ,e.g. NR

-

PDSCH

 

•

 

FFS 

on transmission

: UE

-

specific, 

UE group

-

specific, 

beam

-

specific

, 

 

cell

-

specific

, and/or TRP

-

speci

fic, etc.

 

•

 

Note: This does not preclude defining of other mechanisms transmitting Other SI

 

•

 

Consider followings for minimum system information transmission:

 

–

 

NR

-

PBCH is a non

-

scheduled broadcast channel carrying 

at least a part of 

minimum 

system information w

ith fixed payload size and periodicity predefined in the specification 

depending on carrier frequency range

 

–

 

Alt. 1: NR

-

PBCH carries a part of minimum system information

 

•

 

Alt 1

-

1 : remaining minimum system information is transmitted via other channel 

at leas

t partially indicated by NR

-

PBCH

 

•

 

Alt 1

-

2: Remaining minimum system information is transmitted via other  channel 

not indicated in NR

-

PBCH

 

–

 

Alt. 2: NR

-

PBCH carries all of minimum system information

 

•

 

NR

-

PBCH contents shall include:

 

–

 

At least part of the SFN 

(system frame number)

 

•

 

FFS on the number of bits used to indicate SFN

 

•

 

FFS how much of the SFN is indicated explicitly, and how much (if any) is 

indicated implicitly

 

–

 

CRC (FFS number of bits)

 

–

 

FFS:

 

•

 

In case remaining minimum system information is carried on PDS

CH, 

configuration for PDSCH or control resource set for scheduling PDSCH

 

•

 

In case remaining minimum system information is carried on secondary physical 

broadcast channel, 

configuration

 

of secondary physical broadcast channel 

 

•

 

Configuration information for i

nitial uplink transmission; in this case, it may not 

be necessary to include configuration information for remaining minimum system 

information

 

•

 

Other parameters

 

 

In this contribution, 

on

-

demand system information (SI) transmission and remaining minimum SI 

delivery 

mechanisms are discussed.

 

