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1 Introduction

At the RAN1#88bis meeting, the following agreements were made on 1-symbol short PUCCH with 1 or 2 bit payload [1]:

· 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

In this contribution, we present our view on resource allocation for scheduling request in NR.  

2 Resource allocation for scheduling request 
Scheduling request (SR) is used to request resource for uplink data transmission. In LTE, the SR employs a simple on/off mechanism, where the information is conveyed by the presence of energy on the corresponding PUCCH resource. If UE does not request the uplink resource, it transmits nothing on the configured PUCCH resource. 

In LTE, when UE intends to transmit the data in the uplink, it requests the resource using PUCCH format 1 for SR. After successful detection of SR, eNB transmits DCI via PDCCH containing uplink grant to allocate the uplink resource. Subsequently, UE sends the BSR on PUSCH in the allocated resource, which is used to inform eNB on the amount of data in UE’s buffer to be transmitted. Based on the BSR information, eNB allocates appropriate resource and MCS in the uplink grant for UE to transmit the uplink data on PUSCH.
To efficiently multiplex SR for multiple UEs in the same resource, SR design for NR can be similar to LTE, i.e., using on/off mechanism so as to allow gNB to perform a simple energy detector for SR detection. As mentioned in our companion contribution [1], a length-12 CAZAC sequence is applied on even or odd subcarriers within two PRBs with employing OOK for the transmission of SR for short PUCCH. Figure 1 illustrates short PUCCH structure carrying SR.
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Figure 1. Short PUCCH structure carrying SR
Further, SR can be combined with other UCI feedbacks in NR PUCCH including CSI report and HARQ ACK/NACK feedback. In this case, 1 bit information with positive or negative SR can be explicitly included in NR PUCCH. 
Proposal 1

· For NR, SR is transmitted using on/off signalling mechanism. 
· For short PUCCH, a length-12 CAZAC sequence is applied on even or odd subcarriers within two PRBs for the transmission of SR.
· SR can be combined with other UCI feedback, where 1 bit information with positive or negative SR can be explicitly included in NR PUCCH.
With regard to SR resource allocation, several options can considered for NR as listed below:

· Semi-static SR resource allocation: Similar to LTE, SR resource can be semi-statically configured by higher layers to allow periodic opportunities for UE to request resource for uplink transmission. 

· Dynamic SR resource allocation: SR resource can be dynamically indicated via a DCI in a UE specific or group/cell specific manner. 

· Hybrid mode for SR resource allocation: This can be viewed as a combination of semi-static and dynamic resource allocation for SR. In particular, certain mechanism to activate and deactivate periodic SR resource via L1 or L2 control signalling may be envisioned for NR, which can help to ensure better forward compatibility and more efficient support of dynamic TDD system. In this regard, periodic NR PUCCH resource may be released to reduce the overhead and thereby improve system level spectrum efficiency and can be configured or activated on a need basis.

While allocating SR resource in a semi-static manner would be a natural choice for FDD system or TDD system with semi-static DL/UL configuration, SR resource allocation using dynamic or hybrid mode may be more desirable in the support of dynamic TDD system, where periodic NR PUCCH resource may not be needed. In our view, semi-static SR resource allocation should be supported in NR. In addition, dynamic resource activation/deactivation for SR can be supported to ensure forward compatibility.
Proposal 2
· Semi-static SR resource allocation should be supported in NR.  
· Dynamic resource activation/deactivation for SR can be supported to ensure forward compatibility.
3 SR resource allocation for URLLC 
For URLLC applications, the SR may carry additional information about traffic/service attributes. For instance, SR may encode QoS attributes related to reliability target, latency budget or information on packet size. This information may be needed to properly handle SR request at the gNB side and process it accordingly. For instance, the UEs may have traffic that require ultra-reliable low latency communication (URLLC) or only low latency communication (LLC) w/o strict reliability targets. If gNB can distinguish URLLC SR from LLC SR it can process each SR accordingly providing proper handling for each service (e.g. prioritize URLLC UL vs LLC UL or eMBB UL transmissions).

In general, the gNB may discover traffic/service attributes, when UE connects to network and register for certain service or corresponding bearers are established. As discussed in our companion contribution [3], from L1 perspective, there should be a unique mapping between service and SR, so that gNB (and UE) can distinguish the SR associated with given service and properly handle it. 
Towards this end, dedicated SR resources can be configured to request resource for uplink transmission for services with different QoS requirements, which may be related to reliability target, latency budget or information on packet size. In particular, each SR resource may be associated with one specific type of service.

Figure 2 illustrates different periodicities of SR resources targeting for services with different QoS requirements. For low latency application, e.g., URLLC, dedicated SR resource with shorter periodicity can be configured. As agreed in the RAN1 NR Adhoc meeting [4], time interval between SR resources configured for a UE can be smaller than a slot. This indicates that for URLLC service, UE may be configured with dedicated SR resource with mini-slot based periodicity in order to meet stringent latency requirement. For eMBB, however, SR resource can be configured with slot based periodicity. 
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Figure 2. SR resources with different periodicities
Proposal 3
· Dedicated SR resource with different periodicities can be used to request resource for uplink data transmission for services with different QoS requirements.
4 Conclusions

In this contribution, we shared our view on resource allocation for scheduling request for NR. Based on the discussion, we summarize our views through the following proposals:
Proposal 1

· For NR, SR is transmitted using on/off signalling mechanism. 
· For short PUCCH, a length-12 CAZAC sequence is applied on even or odd subcarriers within two PRBs for the transmission of SR.
· SR can be combined with other UCI feedback, where 1 bit information with positive or negative SR can be explicitly included in NR PUCCH.

Proposal 2

· Semi-static SR resource allocation should be supported in NR.  
· Dynamic resource activation/deactivation for SR can be supported to ensure forward compatibility.
Proposal 3
· Dedicated SR resource with different periodicities can be used to request resource for uplink data transmission for services with different QoS requirements.
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