3GPP TSG-RAN WG2 NR AdHoc Meeting 
R2-1707020
Qingdao, China, 27 – 29 June 2017  








         Revision of R2-1704790
Agenda item:

10.4.1.5.1
Source:
Intel Corporation

Title:
System information to be provided in NR
Document for:

Discussion and Decision
1      Introduction

In RAN2#97 meeting, following was agreed regarding system Information handling for LTE-NR dual connectivity:
 

Agreements

0: 
For EN-DC, the NR SN is not required to broadcast system information other than for timing and SFN. 

1:
RAN2 assumption is that EN-DC should support the deployment scenario that LTE eNB are not synchronized with NR gNB.

2:
For LTE-NR DC where MCG is comprised of LTE cell(s) and SCG is comprised of NR cell(s), system information (for initial configuration) is provided for the UE by dedicated RRC signalling via LTE eNB as Master Node.

FFS how to handle changes of system information in the SN

2a:
The UE acquires, at least, radio frame timing and SFN of SCG from the xSS/PBCH of NR PSCell.

3:
For LTE-NR DC where MCG is comprised of NR cell(s) and SCG is comprised of LTE cell(s), system information (for initial configuration) is provided for the UE by dedicated RRC signalling via NR gNB as Master Node.

3a:
In this case, the UE acquires radio frame timing and SFN of SCG from PSS/SSS and MIB on LTE PSCell.

In this contribution, we discuss system information to be supported for NR based on the above agreements and the WID of NR [1]. In addition, based on RAN1 LS [2], we also discuss the content of MIB based on RAN1 and RAN2 agreements.
2      Discussion
2.1     System information to be defined in NR WI
Although system information defined in NR will be different from the SIBs defined in LTE, it is nevertheless useful to start from LTE to investigate which SIBs should be considered in NR, as shown in Table 1 below. In the column “In NR WI scope”, a SIB is marked as “Yes” if it within the scope of the WID [1]. For the column “Needed when NR is SCG”, a SIB is marked “Yes” if UE needs to use the content if NR is SCG (note that “-” is used for SIBs marked as “No” in the column “In NR WI scope”). Current discussion is focused on whether UE should acquire the content of the SIB, not about how the information is actually delivered (e.g. via broadcast or dedicated signalling, which will be discussed later).
Table 1: LTE SIBs
	SIB#
	Description
	In NR WI scope
	Needed when NR is SCG

	SIB1
	Information on whether a UE is allowed to access a cell and scheduling information of other system information
	Yes
	Yes

	SIB2
	Radio resource configuration information that is common for all UEs
	Yes
	Yes

	SIB3
	Cell re-selection information for intra-frequency, inter-frequency and/or inter-RAT cell re-selection
	Yes
	No

	SIB4
	Neighboring cell related information relevant for intra-frequency cell re-selection
	Yes
	No

	SIB5
	Neighboring cell related information relevant for inter-frequency cell re-selection
	Yes
	No

	SIB6/7/8
	Neighbor information for inter-RAT cell reselection (in LTE this is UTRA/GERAN/ CDMA2000/HRPD) 
	Yes, but for E-UTRA only
	No

	SIB9
	Home eNB name
	No
	-

	SIB10/11/12
	ETWS primary notification/ ETWS secondary notification/CMAS notification
	Yes
	No

	SIB13/15
	MBMS control information / service continuity
	No
	-

	SIB14
	EAB parameters
	No
	-

	SIB16
	GPS time and UTC
	FFS
	No

	SIB17
	Information relevant for traffic steering between E-UTRAN and WLAN
	No
	-

	SIB18/19
	Information related to ProSe Direct Communication/ Discovery
	No
	-

	SIB20
	SC-PTM control information
	No
	-

	SIB21
	V2X sidelink communication configuration
	No
	-


Several notes regarding column “In NR WI scope”:
· SIB6/7/8: these are related inter-RAT mobility. For NR, the only other RAT to be supported is LTE. Therefore only E-UTRA related SIB is needed.

· SIB14: this is related to MTC, which is not in the scope of NR. Furthermore, a unified Access Control scheme is discussed for NR that may not require any information provided by a separate SIB.
· SIB16: this could be used for various purposes like GPS time for GNSS, timing information for MBMS and sidelink discovery, and local time provisioning. In RAN#76 meeting, it was agreed to support RAT independent positioning schemes (as in the revised WID RP-171485 [1]). Since GPS time is helpful for positioning, it is proposed to provide GPS time. It is FFS whether to provide information on UTC.
Proposal 1: Following system information can be provided in standalone NR deployment, in addition to MIB: 

· Basic access information and common configuration (similar to LTE SIB1/SIB2).
· Cell reselection information for intra-frequency, inter-frequency and inter-RAT E-UTRA (similar to LTE SIB3 to 8).

· PWS information (similar to LTE SIB10/11/12).

· GPS time (similar to LTE SIB16). It is FFS whether to provide information on UTC.

2.2     System information for NSA and SCells in CA
For LTE-NR interworking with NR as SCG, it is not needed to provide following system information to the UE, either in broadcast manner or in dedicated signalling:

· Cell reselection information for intra-frequency, inter-frequency and inter-RAT E-UTRA (similar to LTE SIB3 to 8). The reason is that LTE-NR interworking is for RRC_CONNECTED UEs, therefore cell reselection information is not needed.

· PWS information (similar to LTE SIB10/11/12). It was already agreed that “NR SN is not required to broadcast system information other than for timing and SFN.” In addition, for LTE-NR interworking, UE can acquire PWS information from LTE MN, therefore providing PWS information in dedicated RRC signalling consumes more resources without any additional benefit.
· GPS time and UTC (similar to SIB16). Similar to PWS information, such information can be acquired from LTE MN and providing such information in dedicated RRC signalling consumes additional resources.

As to which part of system information should be provided to UE via dedicated signalling for NR SN, we can refer to LTE dual connectivity as a reference. In LTE, configuration for PSCell and SCell are provided to UE in IE SCG-ConfigPartSCG-r12 of message RRCConnectionReconfiguration. Below we list the IEs related to the system information for PCell and SCell. It can be seen that eventually IE RadioResourceConfigCommonSCell-r10 is used, which contains a subset of the information of LTE MIB, SIB1 and SIB2. 
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Figure 1: IEs related to system information for PSCell and SCell
For NR, it is envisioned that the detailed IE design mainly depends on the RAN1 progress. However it is not expected that for NR SN, system information other than the equivalence of LTE MIB, SIB1 and SIB2 should be provided. This conclusion is applicable for LTE-NR interworking with NR as SN, SCG in NR-NR DC, and SCells in CA.
Proposal 2: For NR SCells (including cells in NR SCG in LTE-NR interworking and SCG of NR-NR DC, and SCells in NR CA), at most the equivalent content of LTE MIB, SIB1 and SIB2 for the SCell is provided to the UE in a dedicated RRC signalling IE.
Now we consider the relationship between the content of minimum SI and the SI of PSCell/SCell to be provided to the UE. Firstly let’s review the status of minimum SI. It was agreed that minimum SI contains at least the following:

· Basic information for initial access to the cell 
· Information for Other SIs available and scheduling information for other SIs 
In RAN2 NR AH#1 meeting, following was agreed regarding the content of minimum SI:
1: Minimum SI includes at least SFN, list of PLMN, Cell ID, cell camping parameters, RACH parameters.  

2: Scheduling information in minimum SI includes an indicator whether the concerned SI-block is periodically broadcasted or provided on demand.

3: Parameters required for requesting other SI-block(s) (if any needed, e.g. RACH preambles for request) if network allows on demand mechanism shall be included in minimum SI.

…
So far, RAN2 hasn’t discussed whether to include all the applicable LTE SIB1/SIB2 information into minimum SI. For example, LTE SIB2 (as well as RadioResourceConfigCommonSCell-r10) contains configuration information for PDSCH, PUSCH, SRS, uplink power control etc. It is expected that NR system information will contain similar configuration information. There was no conclusion so far in NR whether above mentioned system information should be part of minimum SI. 
On the other hand, there is no need to signal some information in minimum SI for NR SN to UE in LTE-NR interworking or NR-NR DC. For example, there is no need to signal the list of PLMN to the UE in the dedicated RRC signalling as UE is already in RRC_CONNECTED (note that PLMN list is not contained in LTE IE RadioResourceConfigCommonSCell-r10). Even if some applicable LTE SIB1/SIB2 information is part of other SI, since UE acquires the system information from dedicated RRC signalling without using on-demand SI provisioning mechanism (as agreed in RAN2#97bis meeting), there is no need to signal the scheduling information of other SI to UE in dedicated RRC signalling.
Proposal 3: For NR SCells (including cells in NR SCG in LTE-NR interworking and SCG of NR-NR DC, and SCells in NR CA), there is no need to provide list of PLMN or scheduling information of other SI to the UE in dedicated RRC signalling.
Given that the relationship between the system information in SCG and minimum SI is not clear, it is proposed that for the design of dedicated RRC signalling for NR SCG, which IEs to be included can be discussed in a case by case manner independently of minimum SI discussion. This is similar as LTE DC and CA, where IE RadioResourceConfigCommonSCell-r10 contains a subset of LTE MIB/SIB1/SIB2.  
Proposal 4: For NR SCells (including cells in NR SCG in LTE-NR interworking and SCG of NR-NR DC, and SCells in NR CA), which system information IEs to be included in the dedicated RRC signalling is discussed based on a need basis and is independent of minimum SI discussion.
We now look in detail what should be included in the dedicated RRC signalling by investigating LTE IE RadioResourceConfigCommonSCell-r10 and RadioResourceConfigCommonPSCell-r12:
RadioResourceConfigCommonSCell-r10 ::=
SEQUENCE {


-- DL configuration as well as configuration applicable for DL and UL


nonUL-Configuration-r10




SEQUENCE {



-- 1: Cell characteristics



dl-Bandwidth-r10





ENUMERATED {n6, n15, n25, n50, n75, n100},



-- 2: Physical configuration, general



antennaInfoCommon-r10




AntennaInfoCommon,



mbsfn-SubframeConfigList-r10


MBSFN-SubframeConfigList
OPTIONAL,
-- Need OR



-- 3: Physical configuration, control



phich-Config-r10





PHICH-Config,



-- 4: Physical configuration, physical channels



pdsch-ConfigCommon-r10




PDSCH-ConfigCommon,



tdd-Config-r10






TDD-Config




OPTIONAL
-- Cond TDDSCell


},


-- UL configuration


ul-Configuration-r10



SEQUENCE {



ul-FreqInfo-r10





SEQUENCE {




ul-CarrierFreq-r10




ARFCN-ValueEUTRA


OPTIONAL,
-- Need OP




ul-Bandwidth-r10




ENUMERATED {n6, n15,














n25, n50, n75, n100}
OPTIONAL,
-- Need OP




additionalSpectrumEmissionSCell-r10

AdditionalSpectrumEmission



},



p-Max-r10






P-Max






OPTIONAL,
-- Need OP



uplinkPowerControlCommonSCell-r10

UplinkPowerControlCommonSCell-r10,



-- A special version of IE UplinkPowerControlCommon may be introduced



-- 3: Physical configuration, control



soundingRS-UL-ConfigCommon-r10

SoundingRS-UL-ConfigCommon,



ul-CyclicPrefixLength-r10


UL-CyclicPrefixLength,


-- 4: Physical configuration, physical channels



prach-ConfigSCell-r10




PRACH-ConfigSCell-r10

OPTIONAL,
-- Cond TDD-OR-NoR11



pusch-ConfigCommon-r10



PUSCH-ConfigCommon


}

















OPTIONAL,
-- Need OR


...,


[[
ul-CarrierFreq-v1090



ARFCN-ValueEUTRA-v9e0


OPTIONAL
-- Need OP


]],


[[
rach-ConfigCommonSCell-r11


RACH-ConfigCommonSCell-r11

OPTIONAL,
-- Cond ULSCell


prach-ConfigSCell-r11



PRACH-Config




OPTIONAL,
-- Cond UL



tdd-Config-v1130




TDD-Config-v1130



OPTIONAL,
-- Cond TDD2



uplinkPowerControlCommonSCell-v1130









UplinkPowerControlCommonSCell-v1130


OPTIONAL
-- Cond UL

]],


[[
pusch-ConfigCommon-v1270

PUSCH-ConfigCommon-v1270


OPTIONAL
-- Need OR


]],


[[
pucch-ConfigCommon-r13



PUCCH-ConfigCommon

OPTIONAL,
-- Cond UL


uplinkPowerControlCommonSCell-v1310









UplinkPowerControlCommonSCell-v1310
OPTIONAL
-- Cond UL

]],


[[
highSpeedConfigSCell-r14

HighSpeedConfigSCell-r14


OPTIONAL,
-- Need OR


prach-Config-v14xy



PRACH-Config-v14xy




OPTIONAL,
-- Cond UL

ul-Configuration-r14



SEQUENCE {



ul-FreqInfo-r14





SEQUENCE {




ul-CarrierFreq-r14




ARFCN-ValueEUTRA-r9


OPTIONAL,
-- Need OP




ul-Bandwidth-r14




ENUMERATED {n6, n15,














n25, n50, n75, n100}
OPTIONAL,
-- Need OP




additionalSpectrumEmissionSCell-r14

AdditionalSpectrumEmission



},



p-Max-r14






P-Max






OPTIONAL,
-- Need OP



soundingRS-UL-ConfigCommon-r14

SoundingRS-UL-ConfigCommon,



ul-CyclicPrefixLength-r14


UL-CyclicPrefixLength,


prach-ConfigSCell-r14




PRACH-ConfigSCell-r10

OPTIONAL,
-- Cond TDD-OR-NoR11




uplinkPowerControlCommonPUSCH-LessCell-v14xy











UplinkPowerControlCommonPUSCH-LessCell-v14xy
OPTIONAL
-- Need OR
}
















OPTIONAL,
-- Cond ULSRS

harq-ReferenceConfig-r14




ENUMERATED {sa2,sa4,sa5} 
OPTIONAL,

-- Need OR


soundingRS-FlexibleTiming-r14    


ENUMERATED {true}


OPTIONAL

-- Need OR


]]

}
RadioResourceConfigCommonPSCell-r12 ::=
SEQUENCE {


basicFields-r12





RadioResourceConfigCommonSCell-r10,


pucch-ConfigCommon-r12



PUCCH-ConfigCommon,


rach-ConfigCommon-r12



RACH-ConfigCommon,


uplinkPowerControlCommonPSCell-r12
UplinkPowerControlCommonPSCell-r12,


...,


[[
uplinkPowerControlCommonPSCell-v1310










UplinkPowerControlCommon-v1310

OPTIONAL
-- Need ON


]]
}
It can be seen that almost every IE signaled in LTE is physical layer related configuration: DL/UL bandwidth, antenna configuration, TDD configuration, PDSCH/PUSCH/PUCCH/SRS/RACH configuration, power control configuration etc. RAN2 related information (e.g. access control) are not signaled in the dedicated RRC signalling as they are not related to the SCG or SCells in CA. It is expected that the same principle can be applied to NR. Therefore, regarding the content of the dedicated RRC signalling carrying system information, RAN2 should wait for RAN1’s input (e.g. in a form of listed parameters and related value range). 

Proposal 5: For NR SCells (including cells in NR SCG in LTE-NR interworking and SCG of NR-NR DC, and SCells in NR CA), RAN2 should wait for RAN1’s input to decide which system information IEs to be included in the dedicated RRC signalling.
2.3     Content of MIB
In the RAN1 LS [2], following agreed NR-PBCH IEs were relevant to RAN2 discussion on MIB:

· (Part of) SFN: [7 - 10] bits

· Information for remaining minimum system information scheduling: [x] bits

In addition, RAN1 asks RAN2’s view on the need for the following higher layer related information elements in the NR-PBCH and the associated number of bits:
· Hyper-SFN

· Information for quick identification that UE cannot camp on the cell

· Area ID

· Value tag

· Cell ID extension

RAN1 also indicates that the payload size of NR-PBCH should be less than 72 bits, which includes CRC ([16+y] bits). Given the limited NR-PBCH capacity, it can be seen that only absolutely necessary information should be transmitted in NR-PBCH/MIB.
In LTE, MIB design of NB-IoT is quite different from that in normal LTE. For NR, since mMTC is not in the Rel-15 scope, it is proposed to focus on the MIB content for eMBB and URLLC case. Note that there is no forward compatibility issue from the experience learnt from LTE. 

Below we discuss whether to include the above higher layer related information in MIB/NR-PBCH.
Hyper-SFN
As discussed above, NB-IoT/mMTC related aspects are not considered. We first look at related LTE signaling of SFN. In LTE, SFN is carried in MIB as below:


systemFrameNumber                BIT STRING (SIZE (8)),

	systemFrameNumber

Defines the 8 most significant bits of the SFN. As indicated in TS 36.211 [21, 6.6.1], the 2 least significant bits of the SFN are acquired implicitly in the P-BCH decoding, i.e. timing of 40ms P-BCH TTI indicates 2 least significant bits (within 40ms P-BCH TTI, the first radio frame: 00, the second radio frame: 01, the third radio frame: 10, the last radio frame: 11). One value applies for all serving cells of a Cell Group (i.e. MCG or SCG). The associated functionality is common (i.e. not performed independently for each cell).


SIB1 further carriers hyper SFN as below:



hyperSFN-r13      BIT STRING (SIZE (10))       OPTIONAL,  -- Need OR

	hyperSFN

Indicates hyper SFN which increments by one when the SFN wraps around.


In LTE, hyper SFN was introduced for MTC devices which are delay tolerant. Given that every bit in MIB is very costly and would impact performance and coverage, and there is no clear benefit to signal hyper SFN in MIB, it is proposed to not signal hyper SFN in MIB.
Proposal 6: In MIB, there is no need to signal hyper SFN.
The number of bits for SFN depends on physical layer design. In LTE, from physical layer design, PBCH implicitly carries 2 bits. Therefore although SFN consists of 10 bits, only 8 bits are explicitly signaled in MIB. So far it is not clear whether RAN1 intends to reuse this design or not (in RAN1 LS [2], the length of SFN is [7 - 10] bits). 
Information for quick identification that UE cannot camp on the cell
In LTE, cell access related information is carried in SIB1, as below:
SystemInformationBlockType1 ::=

SEQUENCE {


cellAccessRelatedInfo



SEQUENCE {



plmn-IdentityList




PLMN-IdentityList,



trackingAreaCode




TrackingAreaCode,



cellIdentity





CellIdentity,



cellBarred






ENUMERATED {barred, notBarred},



intraFreqReselection



ENUMERATED {allowed, notAllowed},



csg-Indication





BOOLEAN,



csg-Identity





CSG-Identity


OPTIONAL
-- Need OR


},


…
}

There seems no strong motivation to allow UE to quickly identify whether UE can camp on a cell or not. Therefore LTE approach of signalling cell access related information in SIB1 can be reused in NR, i.e. such information can be transmitted in RMSI.

Proposal 7: In MIB, there is no need to signal information for quick identification that UE cannot camp on the cell.
Area ID and Value tag
Following was agreed in RAN2#98 meeting.

Agreements

There will be at least a value tag and area ID

-
value tag is associated to each SIB

-
value tag can be valid in only one cell or when combined with an area ID to be valid in more than one cell.

FFS whether the area ID and valuetag is separately signalled or as a single identifier

FFS whether the area ID is associated to each SIB/ SI message or associated to a group of SIBs/ SI messages or all SIBs/ SI messages.

Considering that value tag is SIB specific, it is not possible to signal such information within MIB due to the capacity constraint. The necessity to signal area ID within MIB is also questionable. To utilize index based approach, UE needs to read RMSI anyway, therefore there might not be benefit to signal area ID in MIB.

Proposal 8: In MIB, there is no need to signal area ID or value tag.

Cell ID extension
The intention to signal some cell ID extension is to provide large cell ID space for the support of dense deployment of small cells [3]. UE can then report unambiguous cell identification for mobility purposes. However the benefit is not so clear. With proper network planning, network can figure out the exact cell based on UE measurement reporting (e.g. from RF fingerprints). Therefore such cell ID extension is not necessary. 
Proposal 9: In MIB, there is no need to signal cell ID extension in MIB.
Based on above analysis, a draft reply LS is provided in Annex A.
3      Conclusion

In this contribution, we discuss system information to be supported for NR, and propose the following: 
Proposal 1: Following system information can be provided in standalone NR deployment, in addition to MIB: 

· Basic access information and common configuration (similar to LTE SIB1/SIB2).
· Cell reselection information for intra-frequency, inter-frequency and inter-RAT E-UTRA (similar to LTE SIB3 to 8).

· PWS information (similar to LTE SIB10/11/12).

· GPS time (similar to LTE SIB16). It is FFS whether to provide information on UTC.
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Proposal 2: For NR SCells (including cells in NR SCG in LTE-NR interworking and SCG of NR-NR DC, and SCells in NR CA), at most the equivalent content of LTE MIB, SIB1 and SIB2 for the SCell is provided to the UE in a dedicated RRC signalling IE.

Proposal 3: For NR SCells (including cells in NR SCG in LTE-NR interworking and SCG of NR-NR DC, and SCells in NR CA), there is no need to provide list of PLMN or scheduling information of other SI to the UE in dedicated RRC signalling.
Proposal 4: For NR SCells (including cells in NR SCG in LTE-NR interworking and SCG of NR-NR DC, and SCells in NR CA), which system information IEs to be included in the dedicated RRC signalling is discussed based on a need basis and is independent of minimum SI discussion.
Proposal 5: For NR SCells (including cells in NR SCG in LTE-NR interworking and SCG of NR-NR DC, and SCells in NR CA), RAN2 should wait for RAN1’s input to decide which system information IEs to be included in the dedicated RRC signalling.
Proposal 6: In MIB, there is no need to signal hyper SFN.
Proposal 7: In MIB, there is no need to signal information for quick identification that UE cannot camp on the cell.
Proposal 8: In MIB, there is no need to signal area ID or value tag.
Proposal 9: In MIB, there is no need to signal cell ID extension in MIB.
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Annex A 
Draft reply to RAN1 LS R1-1709789
Following is the reply to RAN1 question:

Regarding RAN2’s view on the need for the listed higher layer related information elements in the NR-PBCH and the associated number of bits, RAN2 does not think it is necessary to include the following parameters in NR-PBCH: 

· Hyper SFN
· Information for quick identification that UE cannot camp on the cell

· Area ID

· Value tag

· Cell ID extension

The number of bits for SFN depends on physical layer design. In LTE, from physical layer design, PBCH implicitly carries 2 bits. Therefore although SFN consists of 10 bits, only 8 bits are explicitly signaled in MIB. If RAN1 intends to reuse this design, then 8 bits are needed for explicit SFN signalling in NR-PBCH. The exact number of bits signaled explicitly in NR-PBCH therefore depends on whether implicit signalling of SFN is supported in RAN1 or not.
Apart from SFN, RAN2 does not see the need to signal other higher layer related parameters in NR-PBCH.
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