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1 Introduction

RAN1 reached the following agreement during the NR-U study item phase [1], wherein resolution of PCI confusion in an NR-U deployment is observed to be beneficial:

	Inclusion of the CSI-RS and RMSI-CORESET(s)+PDSCH(s) (carrying RMSI) associated with SS/PBCH block(s) in addition to the SS/PBCH burst set in one contiguous burst (referred to as the NR-U DRS) can be beneficial for

-
Meeting OCB requirement

-
Compacting signals in time domain to limit the required number of channel access and for short channel occupancy

-
Support of stand-alone NR-U deployments

-
Support of automatic neighbour relations (ANR) functionality in an NR-U deployment 

-
Resolution of PCI confusion in an NR-U deployment


Furthermore, RAN2 concluded the following during the study item phase [2]:

	In unlicensed spectrum, multiple PLMNs from different operators can share the same channel and coordination between different operators may not happen. This may cause PCI collisions or confusion. As one possible solution, the gNBs can scan different frequencies to identify the PCIs of neighbour cells and use this information in setting the PCIs of their own cells in order to avoid PCI collisions. In addition, ANR can be used, as in NR licensed, to detect and solve PCI collision and confusion.


At RAN plenary meeting #83, essential features for successful NR-U deployments were discussed and agreed [3]. RMSI (PLMN) transmission in SCell was among these items. 
	Essential
· Wideband PRACH design (long sequence vs repetition)

· Supported PRACH formats (legacy PRACH and new PRACH)

· RMSI PDSCH to SSB rate matching (impacted by RAN4 sync raster decision, if the decision does not guarantee SSB placement at the edge of the initial DL BWP)

· Also impact default PDSCH SLIV table configuration

· RMSI (PLMN) transmission in Scell

Optimizations

· CSI-RS FDM with SSB (impacted by RAN4 sync raster decision)

· Additional PRACH numerology

· Multiplexing of PRACH and other channels

· Whether to introduce LBT gap between ROs


In RAN1 #98 [4], two alternative solutions were discussed to support the reception of RMSI when the SSB is not located on a sync raster, in order to support the reception of RMSI on a SCell. 
	Agreement:
To support RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster consider the following alternatives:

· Alt 1: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point. After the UE detects the SSB it will proceed with RMSI decoding whereby the frequency location of the CORESET #0 scheduling the PDSCH carrying the RMSI is implicitly known.

· Alt 2: gNB configures the UE to report the CGI for a PCI on a given SSB frequency not on a sync raster point and the MIB in SSB will point to the frequency location of the coreset #0.

· FFS: number of CORESET 0 offsets configurable in MIB when SSB is not on sync raster entry 

· Note: Signalling of offset only necessary if more than one off-sync-raster point offset is agreed


In this contribution, we discuss further details of the alternative solutions.
2 Motivation and Background
According to the agreements in the NR-U study item phase, RAN2 agrees that PCI confusion is a valid problem in unlicensed spectrum. Furthermore, RAN1 agrees that transmitting RMSI as part of the NR-U DRS is beneficial in license-assisted non-standalone and standalone deployments. PCI confusion resolution was also discussed at the RAN Plenary level when drafting the work item [5]. Similarly to the agreed conclusions in [1], RAN decided that the automatic neighbour relation (ANR) function of NR Rel. 15 can be used for PCI confusion resolution in NR-U. The specification of ANR in TS 38.300 is as in the Appendix of this contribution. 
ANR relies on the transmission and reception of RMSI. In Rel-15, the frequency domain offset between SSB and CORESET#0 is indicated in the MIB of the corresponding SSB, such that a UE can utilize the indicated frequency domain offset to allocate the frequency location of CORESET#0 after successful decoding of MIB. However, the tables supported in Rel-15, including the configuration of the frequency domain offset (e.g. TS 38.213 Session 13 [6]), were designed only considering SSBs on the synchronization raster. 
In Rel-15, RMSI reception for cells where the SSB is not on the synchronization raster is supported in an opportunistic manner and only when the configurations in the tables are applicable. This may not be feasible in some scenarios and introduces restrictions on the SSB locations for SCells when operators want to transmit the associated RMSI for ANR purposes but configure the secondary component carrier not a sync raster point. 
In NR-U, the number of sync raster points is limited compared to Rel-15, and potentially one. Similarly, the aforementioned offsets that configure the frequency location of CORESET#0 in the MIB may be limited compared to Rel-15, and potentially one. Hence, in order to support the same ANR functionality as in Rel-15 in NR-U, RAN1 agreed two alternatives at the last meeting [4] both of which guarantee that what has been supported in Rel-15 continues to be supported in NR-U given the new synchronization raster for NR-U.  

3 Discussion on the Alternative Solutions
In this section, we discuss the two alternative solutions from RAN1#98 [4].
In Alt 1 (Figure 1), the gNB configures the UE to report the CGI for a PCI on an SSB frequency not on a sync raster point (the SSB is depicted in orange in Figure 1). The frequency location of the SSB is indicated by the gNB through the CGI measurement configuration per Rel-15 procedures. After the UE reads the MIB of the SSB (which is not on the sync raster), the UE can acquire an offset, which is designed in Rel-15 assuming the SSB is on the sync raster. Since the sync raster is globally defined, and there is only a single sync raster point in a subband for NR-U, the extra offset between the SSB frequency and the sync raster point is known to the UE, such that the UE can determine the frequency location of the CORESET #0 scheduling the PDSCH carrying the RMSI by adding the extra offset to the one determined in MIB. In this alternative, there is no limitation on the number and locations of the off sync raster points to transmit SSBs for an SCell. The specification impact of Alt 1 includes introducing the extra frequency offset applied to the offset in MIB when determining the frequency location of CORESET #0 in RAN1 specifications. 

[image: image1.emf]CORESET#0

SSB (off sync 

raster)

sync raster

offset in 

MIB

known offset from 

CGI measurement 

configuration and 

sync raster


Figure 1 Illustration of Alt 1.
In Alt 2 (as illustrated in Figure 2), the gNB configures the UE to report the CGI for a PCI on an SSB frequency not on a sync raster point and the MIB in the SSB will directly point to the frequency location of the CORESET#0. The UE procedure for determining the frequency location of CORESET#0 will remain the same as in Rel-15, but the configuration table in MIB should be redesigned by considering off sync raster points as well. It is observed that for each of the new off sync raster points (e.g. SSB1 and SSB2 in Figure 2), a corresponding frequency offset is required to be indicated (e.g. offset1 and offset2 in Figure 2). Hence, the specification impact of Alt 2 includes determining the number of off sync raster points, the location of the off sync raster points, as well as the corresponding frequency offsets. At this stage, it is not clear whether RAN1 or RAN4 will address the specification impact, if Alt 2 is adopted. Meanwhile, due to the limited size of the table, only a limited number of SSB frequency locations not on the sync raster can be supported and coordination between operators is required to narrow down the candidate locations. Hence, the flexibility to allocate off sync raster SSBs for LAA operation is expected to be less in Alt 2. 
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Figure 2 Illustration of Alt 2.
Based on the above, Alt 1 has full flexibility to allocate an off sync raster SSB with associated RMSI, and has a clear specification impact trackable to be completed in the remainder of the WI, and consequently, the following is proposed. 
Proposal: Support Alt 1 for RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster and capture the corresponding UE procedure in RAN1 specifications. 

4 Conclusion

In this contribution, we discussed the motivation and background for RMSI transmission and reception on SCell, and compared the alternative solutions from the last RAN1 meeting. The following is proposed:

Proposal: Support Alt 1 for RMSI transmission for ANR purpose on a carrier with an SSB not on a sync raster and capture the corresponding UE procedure in RAN1 specifications. 
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	15.3.3
Automatic Neighbour Cell Relation Function

15.3.3.1
General

The purpose of ANR function is to relieve the operator from the burden of manually managing NCRs. Figure 15.3.3.1-1 shows ANR and its environment:
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Figure 15.3.3.1-1: Interaction between gNB and OAM due to ANR

The ANR function resides in the gNB and manages the Neighbour Cell Relation Table (NCRT). Located within ANR, the Neighbour Detection Function finds new neighbours and adds them to the NCRT. ANR also contains the Neighbour Removal Function which removes outdated NCRs. The Neighbour Detection Function and the Neighbour Removal Function are implementation specific.

An existing NCR from a source cell to a target cell means that gNB controlling the source cell:

a)
Knows the global and physical IDs (e.g. NR CGI/NR PCI, ECGI/PCI) of the target cell.

b)
Has an entry in the NCRT for the source cell identifying the target cell.

c)
Has the attributes in this NCRT entry defined, either by OAM or set to default values.

NCRs are cell-to-cell relations, while an Xn link is set up between two gNBs. Neighbour Cell Relations are unidirectional, while an Xn link is bidirectional.

NOTE:
The neighbour information exchange, which occurs during the Xn Setup procedure or in the gNB Configuration Update procedure, may be used for ANR purpose.

The ANR function also allows OAM to manage the NCRT. OAM can add and delete NCRs. It can also change the attributes of the NCRT. The OAM system is informed about changes in the NCRT.

15.3.3.2
Intra-system Automatic Neighbour Cell Relation Function

ANR relies on NCGI (see clause 8.2) and ANR reporting of E-UTRA cells as specified in TS 36.300 [2].
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Figure 15.3.3.2-1: Automatic Neighbour Relation Function

Figure 15.3.3.2-1 depicts an example where the NG-RAN node serving cell A has an ANR function. In RRC_CONNECTED, the NG-RAN node instructs each UE to perform measurements on neighbour cells. The NG-RAN node may use different policies for instructing the UE to do measurements, and when to report them to the NG-RAN node. This measurement procedure is as specified in TS 38.331[12] and TS 36.331 [29].

1.
The UE sends a measurement report regarding cell B. This report contains Cell B's PCI, but not its NCGI/ECGI.

When the NG-RAN node receives a UE measurement report containing the PCI, the following sequence may be used.

2.
The NG-RAN node instructs the UE, using the newly discovered PCI as parameter, to read all the broadcast NCGI(s) /ECGI(s), TAC(s), RANAC(s), PLMN ID(s) and, for neighbour NR cells, NR frequency band(s). To do so, the NG-RAN node may need to schedule appropriate idle periods to allow the UE to read the NCGI/ECGI from the broadcast channel of the detected neighbour cell. How the UE reads the NCGI/ECGI is specified in TS 38.331 [12] and TS 36.331 [29].

3.
When the UE has found out the new cell's NCGI(s) /ECGI(s), the UE reports all the broadcast NCGI(s)/ECGI(s) to the serving cell NG-RAN node. In addition, the UE reports all the tracking area code(s), RANAC(s), PLMN IDs and, for neighbour NR cells, NR frequency band(s), that have been read by the UE. In case the detected NR cell does not broadcast SIB1, the UE may report noSIB1 indication as specified in TS 38.331 [12].

4.
The NG-RAN node decides to add this neighbour relation, and can use PCI and NCGI(s)/ECGI(s) to:

a.
Lookup a transport layer address to the new NG-RAN node.

b.
Update the Neighbour Cell Relation List.

c.
If needed, setup a new Xn interface towards this NG-RAN node.
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