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1 Introduction

At the RAN1#88 meeting, the following agreements were made regarding short and long PUCCH [1]:

· For a given UCI payload, short-PUCCH is designed such that:

· UE multiplexing capacity can be less than that of long-PUCCH

· Performance including at least the following:

· Frequency-diversity

· Interference-diversity

· PAPR/CM and emission

· RS overhead

· Interference randomization should be enabled

· For more than 2 UCI bits, strive for scalable design with short-PUCCH 
· For a given UCI payload, long-PUCCH is designed such that:

· FFS: UE multiplexing capacity should be same/similar to LTE PUCCH

· PAPR/CM should be same/similar to LTE PUCCH except for NR CP-OFDM case (if supported)

· Frequency-diversity gain should be same/similar to LTE PUCCH

· Interference randomization should be enabled

· For more than 2 UCI bits, strive for scalable design with long-PUCCH with respect to the number of UCI bits

· Strive for scalable design with long-PUCCH with respect to the number of symbols

In this contribution, we present our view on scheduling request design in NR.  

2 Discussion on scheduling request design for NR
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. 

Figure 1 illustrates the procedure for uplink data transmission 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.
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Figure 1. Procedure for uplink data transmission in LTE

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 [2], 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. 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. 

· 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. Hence, RAN1 should carefully study the SR resource allocation mechanism taking into account deployment scenario and duplex modes for NR.
Proposal 2
· SR resource allocation mechanism should be investigated with considerations of deployment scenarios and duplex modes for NR.  

For NR, an enhanced SR can be introduced to enable low latency uplink transmission. More specifically, SR can be replaced by Buffer Status Report (BSR) on NR PUCCH in a contention-free or contention based manner. Figure 2 illustrates the procedure for uplink transmission using enhanced SR. In the first step, when UE intends to transmit the data in the uplink, it sends the BSR to the gNB in a configured resource using NR PUCCH. Compared to conventional uplink transmission procedure in LTE as shown in the Figure 1, the steps for BSR on PUSCH and UL grant on PDCCH can be eliminated, thereby substantially reducing the latency for uplink data transmission. Note that as enhanced SR would carry relatively large payload size, the number of UEs which can be multiplexed within the same physical resource would be reduced compared to regular SR.  
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Figure 2. Uplink transmission procedure using enhanced SR
Proposal 3
· BSR transmission via NR PUCCH should be considered for low latency uplink transmission.

3 Discussion on SR for different services
For low latency application, e.g., URLLC, L1 control signalling to request resource for uplink transmission may be more desirable to meet stringent latency requirement. In general, scheduling request can be used to request the resource for uplink transmission with different type of services, e.g., each service is associated with different QoS requirements including delay sensitive or delay tolerant services. 

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. 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. 
As illustrated in Figure 3, after successful detection of SR on dedicated resource for low latency application, gNB may allocate resource for BSR and uplink data transmission with appropriate numerology, e.g., using a larger subcarrier spacing, to provide low latency service. 
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Figure 3. Procedure for uplink data transmission for different services
Proposal 4

· SR 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 scheduling request design for NR. Based on the discussion, we summarize our views through the following proposals:
Proposal 1

· For NR, SR can be transmitted using on/off signalling mechanism. 

· 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

· SR resource allocation mechanism should be investigated with considerations of deployment scenarios and duplex modes for NR.  

Proposal 3

· BSR transmission via NR PUCCH should be considered for low latency uplink transmission.

Proposal 4

· SR can be used to request resource for uplink data transmission for services with different QoS requirements.
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