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1 Introduction

At the RAN1 #86bis meeting, the following agreements were made regarding NR UL control channel [1]: 

· At least two ways of transmissions are supported for NR UL control channel 

· UL control channel can be transmitted in short duration 

· around the last transmitted UL symbol(s) of a slot

· FFS: How to define and treat the potential gap at the end of the slot

· FFS: in the other positions, e.g., the first UL symbol(s) of a slot

· TDMed and/or FDMed with UL data channel within a slot

· UL control channel can be transmitted in long duration

· over multiple UL symbols to improve coverage

· FDMed with UL data channel within a slot

· FFS how to multiplex with SRS

· The frequency resource and hopping, if hopping is used, may not spread over the carrier bandwidth

In addition, the following agreements were made with respect to NR UL control channel with short duration [1]  

· For UL control channel in short duration.

· 1 symbol duration of a slot is supported.

· FFS: a few symbol duration of a slot is supported.  

· Mechanism enabling frequency-diversity is supported. 
Furthermore, the following agreements were made on minimum resource unit for UL control channel [1]  

· In frequency-domain, a PRB (or multiple PRBs) is the minimum resource unit size for UL control channel.

The following agreements were made with respect to DM-RS for NR PUCCH transmission [1]  

· UE-specific RS is used for PUCCH transmission.

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. Further, as described in our companion contribution [2], 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 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.
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 case when UE supports multiple numerologies and delay sensitive service is associated with one particular numerology, e.g., using a larger subcarrier spacing and shorter symbol duration, UE may employ the SR to request the resource for low latency uplink transmission with associated numerology.  

Further, dedicated SR resources can be configured to request resource for uplink transmission for low latency service. As illustrated in Figure 3, after successful detection of SR on dedicated resource, gNB may allocate resource for BSR and uplink data transmission with appropriate numerology, e.g., using a larger subcarrier spacing.  
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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 using a numerology different from the pre-configured one.
4 Discussion on SR design for beamformed system
For frequency band above 6GHz, e.g., center-meter Wave (cmWave) or millimeter Wave (mmWave) band, beamforming at both gNB and UE side is a critical technology to compensate the severe path loss caused by atmospheric attenuation, improve the SNR and enlarge the coverage area. In general, if UE is equipped with directional subarray and when Tx/Rx beam pair is maintained at both gNB and UE side, SR may be transmitted using active Tx beam for better link budget and uplink coverage. 
For non-standalone deployment scenario, where LTE is served as an anchor cell and NR is served as a boost cell, SR from LTE cell may be used to request resource for uplink transmission in NR cell. This scheme can be targeted for the case where Tx or Rx beam for downlink control channel transmission and uplink data reception is not available at gNB side. To address this issue, UE may report the best gNB Tx beam index and measured reference signal power via LTE link. After receiving this information, gNB may employ the reported Tx beam to transmit the NR PDCCH carrying UL grant and receive the scheduled uplink data accordingly in NR cell under the assumption of downlink and uplink reciprocity. 
Proposal 5
· For non-standalone deployment scenario, SR via LTE anchor cell can be used to request resource for uplink transmission in NR booster cell. 

5 Conclusions

In this contribution, we shared our view on scheduling request design for NR. Based on the discussion presented, 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 using a numerology different from the pre-configured one.

Proposal 5
· For non-standalone deployment scenario, SR via LTE anchor cell can be used to request resource for uplink transmission in NR booster cell. 
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