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1 Introduction

After the RAN2#97 meeting, RAN WG2 made an agreement to support the use of semi-persistent scheduling (SPS) in UL for ultra-reliable low latency communication (URLLC) in NR. Based on LTE latency reduction techniques [1], supporting a SPS periodicity of TTI may reduce the latency of initial UL transmissions. For serves which frequent UL grants, allowing skipping UL grants may decrease UL interference and improve UE battery efficiency. RAN2 has been discussed with the following agreement:

Agreements

1
NR supports an SPS scheme similar to LTE 

2
NR supports skipping UL grant scheme similar to LTE

In the email discussion [97#62][NR] SR/BSR enhancements (Ericsson) [2], several companies discussed whether any major design changes related to SR latency and periodicity compared to LTE are necessary. Taking the consideration of the new agreements and recent progresses, this contribution focus on the scheduling for URLLC. In this contribution, we discuss a possible SR/BSR enhancement and Logical Channel Prioritization (LCP) procedures in New RAT.
2 Discussion

2.1 SR/BSR enhancement in NR
In LTE, PUCCH carries only 1 bit Scheduling Request (SR) to reserve resource when there is new transmission in the UE’s buffer. And then the UE sends a MAC PDU containing a MAC CE for padding BSR and optionally padding bits in response to an allocated UL dynamic or configured grant even if no data is available for transmission in the UE buffer. 

Furthermore, in view of the latest RAN2 study NR, considering UL traffic has very critical delay and high reliability requirement (such as URLLC). The gNB needs to provider efficient scheduling as soon as possible. This implies that the gNB must also be made aware of what numerology/TTI duration is desired by the UE for the upcoming transmission. Below are some possible options for gNB to derive extra information:
Option 1: Multi-bit scheduling request
Figure 1 illustrates details of exemplary allocation rule procedure for multi-bit SR case. The SR sent on the PUCCH consists of multi-bit of information, including more detailed information. A network entity configures traffic among difference service by gNB. The UE allocates a BSR value for mac entity to corresponding gNB based on the configured traffic service. For mac entity, the UE further associate with each traffic buffer size, such as the size of the status MAC PDU when status MAC PDU is triggered. And then the UE builds BSR and sends to BSR for mac entity to gNB.
Option 2: Single-bit scheduling request
Figure 2 illustrates details of exemplary allocation rule procedure for single-bit SR case. The SR sent on the PUCCH consists of 1 bit of information. The UE receives BSR related information from the gNB. The UE allocates a BSR value for mac entity to corresponding gNB based on the configured traffic service. For mac entity, the UE further associate with each traffic buffer size, such as the size of the status MAC PDU when status MAC PDU is triggered. And then the UE builds BSR and sends to BSR for mac entity to gNB.

Option 3: Grant-free transmission
Figure 3 illustrates details of exemplary allocation rule procedure for grant-free case. The UE detects BSR related information, such as historical statics information.  And then the UE builds BSR and sends to BSR for mac entity to gNB. This solution has no intrinsic latency other than waiting for a grant free resource, which depends entirely on the historical statics information. 
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Figure 1:  Illustration of SR/BSR enhancement for Option 1
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Figure 2:  Illustration of SR/BSR enhancement for Option 2
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Figure 3:  Illustration of SR/BSR enhancement for Option 3
Table 1 summarises the pros/cons of three Options. Considering these pros/cons we propose to consider SR/BSR enhancement mechanism for NR. If the network has enough additional information and/or resources it can bring a benefit or to fulfil some requirement. Multi-bit scheduling request may incur additional signaling overhead for RAN1 issue. However, if the UE triggers the one bit SR, some one bit SR enhancement could also be considered in order to provide more efficient requirement.
Observation 1: If the network has enough additional information and/or resources it can bring a benefit or to fulfil some requirement.

Observation 2: SR/BSR enhancement could be considered in order to provide means to address high priority services (e.g. URLLC). 

Observation 3: The multi-bit SR can indicate available data related information to assist gNB scheduling for difference service.
Observation 4: If the UE triggers the one bit SR, some one bit SR enhancement could also be considered in order to provide more efficient requirement.

Proposal 1: In order to achieve the critical delay and high reliability requirement for URLLC service, we think that UE operates in SR/BSR enhancement of multi-bit SR option.
Table 1

	
	Option 1: Multi-bit SR
	Option 2: Single-bit SR
	Option 3: Grant-free

	Accurate buffer states information
	Exactly  (
	High  (
	Low  (

	UE calculation cost
	Low  (
	High  (
	Low  (

	UE detection cost
	Low  (
	Low  (
	High  (

	Signaling overhead
	High  (
	High  (
	Low  (


2.2 LCP for URLLC service
In URLLC case, the logical channel may convey URLLC traffic to put into min-slot. UE can consider that multiple SR configurations under 1ms duration. A UE can be configured with multiple SR configurations. Each SR configuration can be mapped to a set of logical channels. In order to meet URLLC requirement, the gNB should provider high priority for URLLC traffic. For URLLC traffic in NR, the guarantee of the latency of the data traffic should be the target. The question is if the current LCP procedure based on the bit rate as in the current specification can guarantee the latency for URLLC traffic in NR. In URLLC case, the logical channel conveys URLLC traffic. In order to meet URLLC requirement, the gNB should provider high priority for URLLC traffic.
Observation 5: UE can be configured with SR configurations with multiple periodicities. 
In figure 1, the related logical channel is established based on token bucket algorithm, and incremented by the product PBR × TTI duration for each TTI. The bucket size of a logical channel is equal to PBR × BSD, where Prioritized Bit Rate (PBR) and Bucket Size Duration (BSD) are configured by upper layers. The LCP procedure lies in the dynamic sharing of resources between different source traffic at asymmetrical loads, this allows in relaxing the traffic congestion conditions. The maximum bit rate (MBR) per Guranteed Bit Rate (GBR) bearer and an Aggregated Maximum Bit Rate (AMBR) for all Non-GBR bearers could be provided to the UE.
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Figure 4:  Illustration of LCP for URLLC case
The QoS guarantee and fairness are the key factors in the cross layer design based on the Modulation and Coding Scheme (MCS) and Transmission Time Interval (TTI). The QoS at the MAC layer and fairness in the physical layer interact with each other and adapt along with the traffic type and transmission data size. 

The proposed approach divides the scheme into service scheduling of the MAC layer and physical resource block (PRB) permutation of the physical layer. The main simplifying assumptions and approximation are as follows. The scheme permutes data that may be configured as one or more numerology/TTI duration. Based on this observation, the scheme stores the channel quality index (CQI) information of the previous frame decided PRB permutation. This paper uses the following three parameters:

· Si: the number of allocation packets of the ith(1 ≦ i ≦ 4) traffic type for a user, in which i=1 is the URLLC stream type, i=2 is the non-GBR stream type, i=3 is the non-GBR stream type, and i=4 is the GBR stream type;
· Mj: the MCS value at the jth Transport Block (TB), which can be obtained from the channel quality information measured from frame (set up M0=∞ );
· Ti: the TTI  duration for the ith traffic type;
The MAC layer of the scheme contains two parts, which represent the stream type contributed by GBR traffic and Non-GBR traffic, respectively. The channel state part of one frame is Mj/Si. Denote the stream type transmission traffic application as L. Accounting for the packet delay time, the following equation can schedule the stream type as
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By solving the above equality, we can easily obtain the stream type transmission traffic application for the user. The delay time can be minimized with the optimal values, which can be obtained by Si and Mj parameters. 
Furthermore, the solution of the optimization equation (1). The multi-bit SR may provide MCS index within CQI. The length of data packet is equal to that of TB. The parameters of the UE and gNB should be synchronous. Thus, it is necessary to carry more detailed information via multi-bit SR, and give an optimal LCP allocation solution.

Observation 6: The multi-bit SR carries more detailed information which can give an optimal LCP allocation solution.

The multi-bit SR provides the TB allocation for QoS guarantee at the MAC layer. The discussion in this paper guarantee the reliability and low latency of URLLC services. 
Proposal 2: RAN2 should consider that UE’s BSR value configuration based on multi-bit SR providing more information.
3 Conclusion

We summarize the contribution with the following observations:
Observation 1: If the network has enough additional information and/or resources it can bring a benefit or to fulfil some requirement.

Observation 2: SR/BSR enhancement could be considered in order to provide means to address high priority services (e.g. URLLC). 

Observation 3: The multi-bit SR can indicate available data related information to assist gNB scheduling for difference service.
Observation 4: If the UE triggers the one bit SR, some one bit SR enhancement could also be considered in order to provide more efficient requirement.

Observation 5: UE can be configured with SR configurations with multiple periodicities. 

Observation 6: The multi-bit SR carries more detailed information which can give an optimal LCP allocation solution.

Based on the above observations we request RAN2 to discuss and agree on the following proposals:

Proposal 1: In order to achieve the critical delay and high reliability requirement for URLLC service, we think that UE operates in SR/BSR enhancement of multi-bit SR option.
Proposal 2: RAN2 should consider that UE’s BSR value configuration based on multi-bit SR providing more information.
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