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Introduction

The following agreements on short PUCCH format and Scheduling Request (SR) design were achieved in the RAN1#88bis meeting [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
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


In this contribution, we mainly present our consideration on NR Scheduling Request design. 

Discussion 

In LTE, Scheduling request (SR) is used to request resources for uplink data transmission. A switching on/off mechanism carrying only one state of SR is used. Specifically, when only a positive SR is transmitted, a UE shall use PUCCH Format 1 to transmit on its assigned SR resource, otherwise a UE shall transmit nothing for a negative SR. In the RAN1#88b meeting, it has been agreed that the SR-triggered uplink grant-based data transmission design should consider all applicable reliability and latency requirements, including URLLC, when assessing different design proposals. This implies that the on/off-switching mechanism used in LTE cannot provide enough information for the UL grant in NR. 

SR enhancements

In NR, multiple services with different reliability and latency requirements, e.g. eMBB and URLLC are supported. Different services may use different scheduling numerologies to meet the design metrics. In such case, the SR in NR should distinguish the scheduling for different services. For example, if a UE has URLLC traffic to transmit, mini-slot based uplink resources can be scheduled and short PUCCH can be used for the downlink transmission if any. One possible way is to use 1bit SR to distinguish the scheduling from different services.
The short duration PUCCH format should be the baseline for HARQ-ACK feedback for URLLC to meet the low latency. That means, at least for the SR transmitted in short PUCCH, it should contain one bit to distinguish the scheduling from different services. If a SR is transmitted in the long PUCCH format, the triggered traffic shall always be eMBB data. That means there is no need to add one bit in long PUCCH format to distinguish the eMBB SR and URLLC SR. 

Observation 1: At least the SR transmitted in short PUCCH format should distinguish the scheduling from different services to ensure the design requirements by scheduling different uplink resources.  
After the transmission of SR, a BSR indicating the buffer size for each LCG is transmitted to eNB. Then a proper size of uplink resources can be scheduled for the uplink transmission. The SR-BSR mechanism which was designed to achieve a balance between resource utilization and scheduling latency will be no longer suitable for services with a stringent latency requirement like URLLC. Similar to the discussion above, one way is to allow the SR at least transmitted in short PUCCH to carry more information related to the buffer size.  

Observation 2: At least the SR transmitted in short PUCCH format should carry more information related to the buffer size.  
On one hand, it is better to use more bits to indicate the buffer size for a large payload of traffic, usually eMBB traffic, to schedule the uplink transmission more accurately. On the other hand, to unify the number of SR bits transmitted in long and short PUCCH formats, the SR in long PUCCH formats could carry more bits related to the buffer size since no differentiation between eMBB and URLLC traffic is needed. Therefore, if a UE supports both eMBB and URLLC services and may transmit eMBB or URLLC traffic at any time, an enhanced SR design with 2 bits can be considered. An example is given for both the short PUCCH format and the long PUCCH format in Table 1. If a UE only supports the eMBB service or is configured to only transmit eMBB traffic, the 2bits can be used as shown in Table 2. If a UE only supports URLLC or is configured to only transmit URLLC traffic, a 1-bit SR design shown in Table 3 can be considered. 
Table-1 2-bit SR design for eMBB and URLLC transmission in short PUCCH format and long PUCCH format.

	Bits field
	Short PUCCH format
	Long PUCCH format

	00
	eMBB, Small buffer size
	Very small buffer size

	01
	eMBB, Large buffer size
	Small buffer size

	10
	URLLC, Small buffer size
	Medium buffer size

	11
	URLLC, Large buffer size
	Large buffer size


Table-2 2-bit SR design for eMBB only transmission in short PUCCH format and long PUCCH format.

	Bits field
	Short PUCCH format
	Long PUCCH format

	00
	Small buffer size
	Very small buffer size

	01
	Large buffer size
	Small buffer size

	10
	Small buffer size
	Medium buffer size

	11
	Large buffer size
	Large buffer size


Table-3 1-bit SR design for URLLC only transmission in short PUCCH format.

	Bits field
	Short PUCCH format

	0
	Small buffer size

	1
	Large buffer size


To transmit the 2bits SR, PUCCH formats for 2-bits UCI can be used. For example, sequence-based PUCCH can be used for SR transmission in short PUCCH. 

Proposal 1: The SR in NR should be enhanced to carry 1 or 2 bits for short PUCCH format and long PUCCH format. 
Conclusion

This contribution provides the following observations and proposals:
Observation 1: At least the SR transmitted in short PUCCH format should distinguish the scheduling from different services to ensure the design requirements by scheduling different uplink resources.  
Observation 2: At least the SR transmitted in short PUCCH format should carry more information related to the buffer size.  
Proposal 1: The SR in NR should be enhanced to carry 1 or 2bits for short PUCCH format and long PUCCH format. 
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