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1. Introduction
In this contribution, scheduling request (SR) design including SR configurations and procedures are discussed. Related to this, following agreements were achieved at the RAN1#88bis meeting [1]:
	Agreements:
· For 1-symbol PUCCH without SR with 1 or 2 bit(s) UCI payload size, RAN1 will select one from the following options.
· Option 1: RS and UCI are multiplexed by FDM manner in the OFDM symbol
· UCI can be sequence
· FFS: low PAPR design is applied
· Option 4: Sequence selection with low PAPR
· FFS following cases:
· If SR only
· If with SR + other UCI;
· This does not imply the necessity of special SR design 
· FFS whether the design may or may not depend on the frequency range

Agreements:
· The Scheduling Request-triggered uplink grant-based data transmission design should consider all applicable reliability and latency requirements including URLLC when assessing different design proposals.
· FFS: SR details
· For initial grant-based transmission, retransmissions can be grant-based



2. Scheduling request design
In legacy LTE system, 1-bit SR is used for requiring UL-SCH resource. Once eNB receives the SR, normally it will allocate UL-SCH resource at least sufficient for BSR transmission first, and then further allocate UL-SCH resource for UL data transmission based on the contents of BSR. In NR system, the SR-triggered uplink grant-based data transmission should be the baseline for latency-tolerant service, e.g. eMBB non-latency critical service. However, it is also beneficial to support SR-triggered uplink grant-based data transmission for low latency services especially for URLLC traffic to improve the resource usage efficiency and reliability. To meet the wide range of URLLC latency and reliability requirements and to facilitate multiplexing of eMBB and URLLC for a given UE, SR enhancements are necessary.
Generally, there are two alternatives for SR conveying more information to facilitate gNB’s scheduling. One alternative is to design multi-bit SR transmission with single configuration and the multiple bits can serve as BSR and/or reflect the traffic type (i.e., QCI). The other alternative is to design single-bit SR transmission with multiple configurations while each SR configuration is tied with different information regarding UE buffer size and/or traffic type. In the following, details about the two alternatives are discussed. 
Alt.1: multi-bit SR transmission with single configuration.
SR configuration mainly includes SR time-/frequency/space-domain resource like SR periodicity, SR subframe offset and SR-PUCCH resource index in LTE. Since single configuration is applied to SR, the related SR procedure in NR can use LTE SR procedure as baseline [2, 36.321 sect.5.4.4], MAC entity only maintains one SR counter and one SR Prohibit Timer so that the simplified procedure can be achieved. The only difference from LTE is the payload size for NR SR can be multiple bits which provides gNB scheduler with the information of required resource amount for specific traffic type, then gNB can schedule PUSCH for actual UL transmission without waiting for BSR. However, appropriate SR configuration especially the SR periodicity and SR transmission duration (occupied number of symbol(s)/slot(s)) needs to be carefully designed to achieve the trade-off between the UL overhead and latency as well as UL coverage.  
Alt.2: single-bit SR transmission with multiple configurations. 
Alternative 2 allows multiple SR configurations, each configuration differentiated by time-/frequency-/space-domain resource can be tied with a specific traffic type and/or data amount range. Depending on which traffic type and/or what the data size in the buffer, different SR is triggered. Regarding the SR procedure in NR, two sub-alternatives can be further considered.
Alt.2-1: Only one SR procedure is shared between multiple SR configurations.
Figure 1(a) gives an example, gNB configures two 1-bit SR configurations for eMBB and URLLC traffic. For eMBB traffic, SR configuration 1 is applied and for URLLC traffic, SR configuration 2 is used. One SR counter and one SR Prohibit Timer are maintained at MAC entity. As observed, at a given time, only one SR can be transmitted, the SR counter and SR Prohibit Timer triggered by SR configuration 1 cancels/disables the other SR transmission with SR configuration 2. Therefore, BSR information to indicate the traffic type e.g., URLLC and eMBB and the related buffer size is still needed. When the two SR resources collides, it is beneficial to select the SR for URLLC traffic considering the delay requirement. 
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Figure 1(a): Example of Alt.2-1 that one shared SR procedure between two SR configurations

Alt.2-2: Independent SR procedures are maintained for multiple SR configurations.
As shown in Figure 1(b) that both SR resources are configured to a UE having eMBB traffic and URLLC traffic. Different from Alt.2-1 that there is interaction between the two SR procedures. When URLLC traffic comes, SR will be triggered based on SR configuration 2, requesting uplink resource for delay sensitive traffic and when eMBB traffic arrives, SR will be sent according to SR configuration 1, requesting uplink resource for eMBB traffic. By proper design the configurations/counter and timer for each traffic type, the SR procedure can be optimized for different services while two SR timers and counters are required for different traffic type. 
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Figure 1(b): Example of Alt.2-2 that independent SR procedures for two SR configurations

Proposal 1:
· For Scheduling Request-triggered uplink grant-based data transmission, following alternatives can be further studied to meet all applicable reliability and latency requirements including URLLC and eMBB traffic. 
· Alt.1: multi-bit SR transmission with single configuration.
· Alt.2: single-bit SR transmission with multiple configurations. 
· Alt.2-1: Only one SR procedure is shared between multiple SR configurations.
· Alt.2-2: Independent SR procedures are maintained for multiple SR configurations.

3. Conclusion
In this contribution, SR design including SR configurations and procedures are discussed. Following proposals were made.
Proposal 1:
· For Scheduling Request-triggered uplink grant-based data transmission, following alternatives can be further studied to meet all applicable reliability and latency requirements including URLLC and eMBB traffic. 
· Alt.1: multi-bit SR transmission with single configuration.
· Alt.2: single-bit SR transmission with multiple configurations. 
· Alt.2-1: Only one SR procedure is shared between multiple SR configurations.
· Alt.2-2: Independent SR procedures are maintained for multiple SR configurations.
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* SR configuration 1 is for eMBB traffic:
v’ start occasion is slot#0, periodicity is 5 slots, SR is on long-PUCCH;
v" SR counter is 4 and SR ProhibitTimer=5 slots
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v" SR counter is 6 and SR ProhibitTimer:
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