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1 Introduction

In RAN2 #100 [1], the following agreements were made related SUL: 

Agreements for connected mode operation:

1
Random access resources (including PRACH and common PUSCH configuration just for the RA procedure) can be configured on both the UL and the SUL carrier.

FFS: Whether common PUCCH configuration is also needed for the connected mode case. 

2
For contention based RA, if the network does not explicitly tell the UE which carrier to use, the UE shall perform UL selection based on the RSRP threshold as initial access.
3
For contention free RA, the network explicitly indicates to the UE which UL carrier to used (e.g. in PDCCH order or via dedicated RRC RACH configuration) (For PDCCH order case RAN1 needs to make final decision if the carrier can be indicated in the DCI)
4
SUL specific configuration should also be carried in the inter node messages for EN-DC and handover cases.

5
RRC configuration can include PUSCH, SRS and power control info per UL carrier, and dedicated PUCCH for a single UL carrier.

FFS: What combination of configuration per carrier are allowed.

6
Per UL PHR reporting is not supported in this release.

Agreements

1:
Common configuration and dedicated configuration for the UL and SUL can be independent. (Agreement is not meant to preclude any discussion in UP session)

2
Common configurations for both non-SUL and SUL can be provided to the UE

3
UE is configured with PUCCH and PUSCH dedicated configuration for either UL or SUL

4
UE can additionally be configured a PUSCH on the other carrier.

5 
For reconfiguration with synchronisation, the UE can be provided with RACH dedicated configuration for either UL or SUL.

Agreements

1
SUL will be supported by indicating the SUL band number in a band combination  as any other UL band.
The above agreements generally cover configuration of SUL, and discussions were limited to SUL operation on SCG (i.e. for completion of EN-DC).  A number of aspects for SUL configuration on MCG need further discussion and are addressed in this contribution.
2 Standalone Aspects of SUL Operation 
Due to prioritization of EN-DC in the first drop of NR the following SUL aspects related to standalone operation have yet to be discussed:

· Cell selection/reselection

· SI Request

· Re-establishment

2.1 Cell Selection Selection/Reselection 
Assuming NR IDLE mode behaviour uses LTE as a baseline, when the UE selects a new PLMN, it will perform cell selection based on the cell suitability criteria.  In LTE this is defined as follows:
	Srxlev > 0  AND  Squal > 0


where: 
	Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp



The LTE suitabililty criteria accounts for the measured DL cell quality (relative to a minimum configured quality) and also compensates for UL power transmission capability at the UE. 
For high frequencies in NR, it is expected that the DL cell coverage and UL cell coverage may differ significantly, and for this reason, SUL was introduced.  In this case, suitability of a cell in high frequency will depend on whether SUL is used and supported by the NW and by UE.  .  Therefore, for a given DL cell quality, the cell may be reachable by some UEs (that can use SUL) but not reachable by other UEs (that do not support SUL on the band).  For these reasons, the S criteria for suitability needs to account for whether the cell supports SUL, and whether the UE which considers the cell for camping supports SUL for its corresponding UL/DL band combination.      

Proposal 1 The cell suitability criteria takes into account the presence of SUL in a cell and the support of SUL by the UE. 
Once a UE has selected a suitable cell, it will continually perform cell reselection evaluation.  This evaluation takes into account prioritization between frequencies, and does a ranking of cells within a single frequency.  For intra-frequency reselection and equal priority inter-frequency cell reselection, cell ranking criteria Rs and Rn are used for serving and neighbour cells respectively and the UE performs cell reselection when the neighbour cell is better ranked than the serving cell for some time.
In NR, because SUL support by a UE is per band combination, deployments may exist where a UE will support the SUL frequencies for only a subset of the cells in an area.  For cells with similar DL cell measurements, it may be beneficial to prioritize a cell that supports SUL over a cell that does not support SUL.  This prioritization could be achieved by introducing a similar offset(s) to the calculation of the cell suitability criteria also for the calculation of Rs and Rn.  In addition, the prioritization may only be necessary when the DL quality of the cell is below a certain threshold and therefore the SUL would have some benefit for the cell and affect the cell ranking.   

Proposal 2 A UE may prioritize a cell supporting SUL during cell reselection.  Details are FFS. 
2.2 System Information Request Procedure
In the case of initial access, the selection of SUL vs normal uplink is based entirely on DL RSRP: the UE selects the SUL only when the DL RSRP is below sul-RSRP-Threshold.  When the UE is camped on a cell which supports SUL, depending on the distance of the UE from the cell, it may need to depend on SUL to successfully transmit the SI request.  Since the SI request will follow the RACH procedure, the UE criteria for selection of the UL for SI request in either request procedure should be aligned with the criteria of initial access (based on sul-RSRP-Threshold).
Proposal 3 A UE performs SI request on SUL if and only if the DL quality of the cell is below sul-RSRP-Threshold 

Since an IDLE or INACTIVE UE can perform MSG1-based SI request on either normal UL or SUL, the UE would need to receive the PRACH preamble/resource configuration for MSG1-based SI request that is applicable for the SUL as well as a configuration applicable for the normal UL.  Whether such configuration is common for the two uplinks can be further discussed in stage 3, however, we believe a separate preamble/resource would provide the network with more flexibility without a significant amount of additional overhead.  

Proposal 4 A UE can receive PRACH preamble/resource for MSG1-based SI request  on SUL.

2.3 Re-establishment Procedure
Re-establishment in the context of SUL was also not discussed, since for the case of EN-DC, re-esblishment will always occur on the LTE MN.  In standalone operation, re-establishment may occur on an NR cell which supports SUL.
The re-establishment procedure triggers a cell selection procedure in order to select the best cell and maximize the probability of successful access following RLF.  When the UE can select between cells that may supported SUL, prioritization of cells for which SUL is supported (as discussed in section 2.1) would be beneficial 
Observation 1:
Prioritizating reselection to a cell with supported SUL during re-establishment will reduce interruption during re-establishment

During RLF, the UE may be highly mobile, or may be in a scenario of blocking (for the case of NR high frequencies).  To further increase the probability of successful re-establishment, a UE could use the SUL more aggressively than dictated by the sul-RSRP-Threshold.  This would reduce re-establishment time, as well as reduce the probability of re-establishment failure when the UE is at the edge (or close to the edge) of normal UL coverage dictated by the sul-RSRP-Threshold.  Since a single RA procedure needs to be performed on a single UL, the DL conditions may change during the course of the RA procedure for UEs that are close to the edge of UL coverage, and could result in unnecessary re-establishment failure. 
Observation 2:
Selection of SUL vs regular UL by the UE according to the sul-RSRP-Threshold may increase the chances of re-establishment failure in some cases.
On the other hand, if the UE always uses SUL during re-establishment, it may result in overloading of the SUL.  There are, however, situations where the use of SUL would clearly not benefit re-establishment, such as when the UE is not outside or close to the edge of UL coverge.  In such case, a separate re-establishment threshold could be used for instance.  
Proposal 5 A a UE can be configured to perform re-establishment using SUL regardless of the DL quality of the selected cell compared to sul-RSRP-Threshold.  

3 Conclusion
In this contribution the following observations were made related to SUL operation in standalone:
Observation 1:
Prioritization reselection to a cell with supported SUL during re-establishment will reduce interruption during re-establishment

Observation 2:
Selection of SUL vs regular UL by the UE according to the sul-RSRP-Threshold may increase the chances of re-establishment failure in some cases.

Based on these observations, the following conclusions were made:

Proposal 6 The cell suitability criteria takes into account the presence of SUL in a cell and the support of SUL by the UE. 

Proposal 7 A UE may prioritize a cell supporting SUL during cell reselection.  Details are FFS. 

Proposal 8 A UE performs SI request on SUL if and only if the DL quality of the cell is below sul-RSRP-Threshold 

Proposal 9 A UE can receive PRACH preamble/resource for MSG1-based SI request  on SUL.

Proposal 10 A UE can be configured to perform re-establishment using SUL regardless of the DL quality of the selected cell compared to sul-RSRP-Threshold.  
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