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1 Introduction

S5-214730 introduced configuration of direction specific PRB resources in RRM policy during Network Slice configuration. Based on S5-214730 defined RRM policy slice specific PRB allocation reservations are recommended individually for UL and DL directions. However the UL BSR from UE is not slice aware which makes it difficult for gNB to allocate UL PRB resources from the reserved pool. This paper addresses issues in UL resource allocation due to insufficient information about Slice based UL resource request.
2 Discussion

TS 28.541 v17.4.0 Sec 4.3.43.1, specifies the split of RRM policy for Layer-2 Radio Resource Type for UL and DL i.e. PRB in each Direction as PRB_UL and PRB_DL for the slice. gNB should be able to apply RRM policy during UL PRB allocation accurately for every resource request from UE received as BSR. gNB should be aware of Slice association for that BSR to appropriately grant PRB for the UE in that slice as per RRM policy. 
TS 38.321 doesn’t state Slice based Ul Scheduling/Resource allocation in MAC protocol. Since, UL based PRB reservation as per RRM policy demands that gNB scheduler to be aware of Slice based scheduling in addition to other PF scheduler, MAC layer at UE must be Slice aware for every Logical Channels or group of logical channels for which it needs to send BSR.
2.1 PRB reservation as per RRM policy in the downlink and uplink
Figure 2.1 explains the current situation of Slice awareness at MAC/Scheduler. F1AP Procedure i.e. UE Context Setup/Modification through which CU informs the Slice association of each Data Radio Bearer (DRB) to DU. Since, DU is aware of Logical Channel and SNSSAI (Slice identifier) mapping thus during DL scheduling when RLC informs the resource requirement as Buffer Occupancy (BO Status) per Logical Channel, Schedular can accurately apply RRM policy on DL PRB as per RRM policy which is identified by SNSSAI.
However, in UL Direction UE sends the resource requirement via BSR(Buffer Status Report) which is per Logical Channel Group. A Logical Channel Group can be maximum eight and logical Channels are grouped into LCG based on LCP, QoS, drbType, etc. The grouping is done to avoid the overhead of frequently sending the BSR for Logical channels separately as Logical Chanel can range till 32. When BSR is received, the gNB scheduler is unclear of which RRM policy to use as Slice Identifier is missing. This will lead to inaccurate application of RRM policy and thus unable to achieve Slice SLA. PRB reservation as per RRM policy to achieve slice specific SLA is operator demand, however missing slice information in the BSR leads to inefficient usage of the PRBs from the reserved pool resulting bad slice performance along with reduced spectral efficiency.
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Figure 2.1: RRM policy application for UL and DL PRB resources

We have the following observations:

Observation 1: UL/DL direction based RRM policy introduced by S5-214730 mandates Slice aware scheduling in both UL and DL and accomplishment of Slice SLA assurance in each of the UL and DL directions by the gNB. 
Observation 2: UL BSR sent by UE does not include any Slice level identifiers, due to which gNB is unable to allocate UL resources from the reserved UL resources pool per slice based on the RRM policy.

Proposal 1: Adopt the below solution to enable slice aware UL BSR and UL scheduling. 
A. When any DRB added/modified, a logical Channel Configuration sent via RRC reconfiguration can include Slice Index(3bits) as UE can support a maximum of 8 SNSSAI as per Spec 3GPP TS 38.331(maxNrofS-NSSAI).
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B. UE needs to include Slice Index in addition to LCGID in the UL BSR. Thus, two new BSR formats namely Slice Aware Short BSR and Slice Aware Long BSR needs to be introduced.
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3 Conclusions

In this contribution, we make the following observations and proposals:

Observation 1: UL/DL direction based RRM policy introduced by S5-214730 mandates Slice aware scheduling in both UL and DL and accomplishment of Slice SLA assurance in each of the UL and DL directions by the gNB. 

Observation 2: UL BSR sent by UE does not include any Slice level identifiers, due to which gNB is unable to allocate UL resources from the reserved UL resources pool per slice based on the RRM policy.

Proposal 1: Adopt the below solution to enable slice aware UL BSR and UL scheduling. 

A. When any DRB added/modified, a logical Channel Configuration sent via RRC reconfiguration can include Slice Index(3bits) as UE can support a maximum of 8 SNSSAI as per Spec 3GPP TS 38.331(maxNrofS-NSSAI).
B. UE needs to include Slice Index in addition to LCGID in the UL BSR. Thus, two new BSR formats namely Slice Aware Short BSR and Slice Aware Long BSR needs to be introduced.

