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Introduction
NR shall support both grant-based and grant-free UL transmission. For grant-based UL transmission the following details have been agreed at previous RAN1 meetings:
Agreements:
· For slot-based scheduling, NR specification should support the following
· UL assignment in slot N and corresponding uplink data transmission in slot N+K2
· All UEs should support K2≥1 with exact values for K2 FFS. Some UEs may support K2=0 (FFS conditions)
· Timing between UL assignment and corresponding UL data transmission is indicated by a field in the DCI from a set of values
· The set of values is configured by higher layer
· Timing(s) is (are) defined at least for the case where the timing(s) is (are) unknown to the UE
· FFS the value for the timing
Grant-based UL transmission requires a scheduling request mechanism, whereby a UE with UL data in its buffer may request for UL resources when it has not been scheduled for UL data transmission. At the RAN1 #88bis meeting the further details were agreed as follows,
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
In this contribution, we discuss the scheduling request mechanism enabling grant-based UL transmission. Other aspects such as UL scheduling timing and resource allocation are treated in a related contribution [1].
Discussion
NR shall support a grant-based UL transmission mechanism similarly to LTE. A UE which has UL data in its buffer, and has not been scheduled with UL resources, may request UL resources by transmitting a scheduling request indicator on the NR-PUCCH.  For NR, the SR transmission may also indicate the service type of the UL data. Multi-bit SR transmission and multiple SR configurations were two options considered to support different traffic types with different latency requirements e.g. eMBB and URLLC. RAN2 has now down-selected to a single option and communicated by LS to RAN1 [2]
Agreements
The SR should at least distinguish the “numerology/TTI type” of the logical channel that triggered the SR (how this is done is FFS).

1.	Multiple SR configurations can be configured to the UE and which SR configuration is used depends on the LCH that triggers the SR.  The granularity of SR configuration for a logical channel is FFS.
2. 	From RAN2 point of view a single bit SR with multiple SR configurations is sufficient to distinguish the “numerology/TTI length” of the logical channel that trigger the SR.  RAN2 has not identified other use cases for which multibit SR is need with sufficient support.  
3.	RAN2 does not see the need to convey buffer status information.  

Based on this agreement a UE may be configured with multiple SR configurations for different logical channels. This may significantly increase the PUCCH overhead particularly for low latency services which would need short SR periodicities. It may be possible that SR configurations may share the same PUCCH resource to reduce the PUCCH overhead. For example, a first SR configuration is configured with a PUCCH time/frequency/sequence resource with periodicity P whereas a second SR configuration is configured with the same time/frequency/sequence PUCCH resource but periodicity 2P. Therefore SRI triggered by the different logical channels could potentially collide every other SR occasion. In case of a collision, the SRI corresponding to the SR configuration of shorter periodicity should be transmitted as this is most likely to also be associated with a logical channel with more stringent latency requirement. Although the RAN2 LS indicates that the SR resource distinguishes the numerology/TTI length of the logical channel triggering the SR, this should not affect UE behavior at the physical layer. Specifically, the higher layers instruct the physical layer which one of the one or more SR configurations to use for a SR. Additional UE behavior to be determined include the following cases
· PUCCH format for SR transmission
· Multiplexing of SR with other UCI on PUCCH or PUSCH
· UE behavior if two or more SR transmissions collide in the same slot
The SR resources corresponding to different SR configurations may be configured to use the same or different PUCCH formats. SR can be multiplexed with other UCI on either the short or long PUCCH structures. One issue to note is that SR overhead may be much larger compared to LTE as a UE is assigned multiple SR resources, possibly with different periodicities depending on logical channel, numerology or TTI according to the RAN2 LS. This could also be an issue if sequence based PUCCH format is adopted for the short PUCCH structure for up to 2 bits. More details on SR transmission using the short PUCCH structure are given in [3].
If a UE is configured with multiple SR configurations, it should be clarified whether multiple SR indications corresponding to different SR configurations can be scheduled in the same slot. If this is allowed, UE behavior should be specified for how these SR indicators are multiplexed on PUCCH. 
Proposal 1: UE behavior should be specified if multiple SR indications corresponding to different SR configurations can be scheduled in the same slot.
During the NR study item RAN1 discussed at length how to achieve the most stringent URLLC reliability requirement for a 32 byte packet of 1-10-5 with a user plane latency of 1ms. Using LTE as a baseline, the scheduling request mechanism incurs an unavoidable round trip delay in requesting and receiving an UL grant before the actual UL transmission. NR has two features to support URLLC low latency applications: (1) grant-free and (2) grant-based with latency reduction mechanism. Moreover, not all URLLC applications require very short latency. 
URLLC operation can employ grant-based transmission with latency reduction mechanism. This latency can be reduced by providing multiple SR configurations each targeted to the specific traffic requirements including shorter TTI configuration and/or different numerology, and more flexible and dynamic timing. If the numerology is changed to say 60 KHz, 7-symbol slot duration is 0.125 ms while 14-symbol duration is 0.25ms. Then depending on the SR periodicity some URLLC applications can meet the required latency target with grant-based transmission. 
Regarding latency and reliability requirements, the NR-PUCCH shall support flexible frequency resource allocation and flexible PUCCH durations ranging from 1 symbol to slot aggregation. Therefore, further PUCCH enhancements specifically targeting SR transmission do not seem warranted at this time.
Proposal 2: SR performance based on a unified PUCCH design should first be evaluated before considering if any further optimization may be needed.
Conclusion
This contribution discussed scheduling request aspects of NR grant-based UL transmission. We have the following proposals:
Proposal 1: UE behavior should be specified if multiple SR indications corresponding to different SR configurations can be scheduled in the same slot.
Proposal 2: SR performance based on a unified PUCCH design should first be evaluated before considering if any further optimization may be needed.
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