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Introduction
The following agreements on short PUCCH format and Scheduling Request (SR) design were achieved in RAN1#88bis and RAN1 NR Ad-Hoc June meetings [1][2].
	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
Agreements:
· Working assumption:
· For short-PUCCH with UCI of up to 2 bits (with/without SR), option 4 is supported.
· No more short-PUCCH format is supported for short-PUCCH in the WID scope.


In the RAN2#98 meeting [3], the following agreements were achieved on multiple SR configuration. 
	· 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.
· From RAN2 point of view a single bit SR with multiple SR configuration 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.  
· RAN2 does not see the need to convey buffer status information.  
· Send LS to RAN1 to indicate to RAN1 that RAN2 doesn’t see the need to support multi-bit SR.


In this contribution, we mainly present our consideration on NR scheduling request design. 
Discussion 
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 enhancement for single beam
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. Specifically, the short PUCCH format should be the baseline for HARQ-ACK feedback for URLLC to meet the low latency. That means, if a SR is transmitted in the long PUCCH format, the triggered traffic shall always be eMBB data. But, for the SR transmitted in short PUCCH, one bit SR with two SR configurations should be used to distinguish the scheduling from eMBB and URLLC. 
Proposal 1: At least for the SR transmitted in short PUCCH, one bit SR with two SR configurations should be used to distinguish the scheduling for eMBB and URLLC. 
[bookmark: OLE_LINK1]Sequence selection Option 4 was agreed for up to 2bits UCI. Two or four configured sequences are needed for 1/2-bit UCI. Considering the simultaneous transmission of 2-bit ACK/NACK and SR, a UE shall configure 4 sequence resources (each sequence per transmission PRB is looked as a resource) for each SR. Combining with the two SR states used to distinguish different services, totally 8 resources required. This will cause a large overhead of PUCCH resources. One way to solve this problem is to bundle the 2bits UCI to reduce the amount of needed PUCCH resources for simultaneous transmission of 2bits ACK/NACK and SR. Then, 4 resources are needed for SR. Table 1 shows an example for the multiplexing between SR and 2-bit ACK/NACK within a short PUCCH with SR opportunity. The four SR resources are defined as CS_SR1, CS_SR2, CS_SR3 and CS_SR4 respectively. For the simultaneous transmission of Bundled ACK/NACK and SR, the SR resource used for bundled NACK is the same as the resource for SR only transmission. That is to avoid possible ambiguity when PDCCH is missed.   
Table 1 The multiplexing between SR and 2-bit ACK/NACK 
	SR only
	ACK/NACK only in sTTI with SR opportunity
	Bundled ACK/NACK + SR

	
	Bundled ACK
	Bundled NACK
	Bundled ACK + SR for eMBB
	Bundled NACK + SR for eMBB
	Bundled ACK + SR for URLLC
	Bundled NACK + SR for URLLC 

	CS_SR2 for eMBB
CS_SR4 for URLLC
	CS_A
	CS_N
	CS_SR1
	CS_SR2
	CS_SR3
	CS_SR4


Proposal 2: SR with four SR resources should be defined for SR transmission in short PUCCH based on sequence selection to distinguish different service types.  
In general, the SR resource is pre-configured as periodic resource because gNB cannot predict the exact time for SR transmission. A UE will transmit SR on the available SR resource as discussed above when UL data arrives. In LTE, SR resource is configured by RRC signaling. This means the pre-configured resources cannot be dynamically released and enabled according to the dynamic data transmission, which may incur a large SR overhead.  Moreover, the SR periodicity cannot be changed timely due to the semi-static RRC configuration. This could lead to a large latency for scheduling URLLC service. 
To further reduce the overhead of configured SR resources, L1 signalling can be used to dynamically release or enable the SR resources. For example, using several bits in DCI to dynamically release some of the RRC configured SR resources in one period or enlarge the SR periodicity to save some SR transmission opportunities. The released or saved SR resources can be further allocated to the other UEs or to the same UE for different beams/services.  
Proposal 3:  L1 signaling to dynamically release or enable the SR resources should be considered for SR configuration in NR.  
SR design for multiple beams
In NR, multiple beams are introduced to gNB and UE for data transmission and reception, to fight rapid fading in high frequency, e.g. above 6GHz. Similarly, the gNB cannot predict the actual beam for UE to transmit or for gNB to receive SR. If only one fixed SR resource is allocated to UEs for all beams, when the serving BPL (beam pair link) especially the receiving beam of gNB is changed, gNB cannot receive the SR due to the fact that gNB needs to receive the signal from the other frequency band by original receiving beam. A straightforward way is to allocate one SR resource for each receiving beam of gNB to UE as shown in Figure 1. It means that multiple resources corresponding to different receiving beams of gNB are configured for each UE within one SR period. However, UE only uses serving beam to transmit SR and the remaining SR resources will not be used because the corresponding BPL quality is too weak. Considering that a large number of beams in gNB and UE result in a lot of corresponding SR resources, the waste SR resource may be considerable and cannot be ignored. Therefore, the resource efficiency of SR should be further studied.    
Observation 1: In multiple-beam scenarios, the overhead of SR resources is considerable if each receiving beam of gNB corresponds to one SR resource. 

Fig. 1 Correspondence between SR resource and the receiving beam of gNB
It is obvious the SR resource selection is tightly related to the actual BPL, especially the receiving beam of gNB. Since UE only uses one SR resource within a SR period, the gNB can allocate only one resource for UE according to the current BPL. When the receiving beam of gNB is changed, the SR resource in the original beam can be released and a new SR resource for current beam is then allocated. Generally, the BPL of UE always changes due to the equipment movement. If SR resource is indicated by RRC signaling as in LTE, the latency is too large so that SR resource cannot follow the change of beam pair. Therefore, when gNB informs UE of the change of beam pair, the corresponding SR resource should also be indicated and the remaining resource can be scheduled for another purpose to improve resource efficiency, e.g. data transmission.  
Proposal 4: In multiple-beam scenarios, SR resource should bundle with the BPL, especially the receiving beam of gNB, within a SR period.
The SR resource is changed according to the serving beam pair between UE and gNB. It means at least the time domain resource should be changed when the serving BPL is changed. However, for frequency domain and code domain resource, there are two kinds of options:
· Option 1: frequency domain and code domain resource keep unchanged
· Option 2: frequency domain and code domain resource are also changed
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]It is obvious that option 2 is more flexible but the signaling overhead of option 1 is lower than option 2. As illustrated in figure 2, the units filled with pattern denote the SR resources used by different UEs and the blank unitsdenote unused SR resource. Note that the units just denote the smallest time and frequency resource granularity for SR, which can be code division multiplexed by two UEs. Different orthogonal code resources are denoted by different filled patterns. In option 1, since the frequency domain and code domain resource for SR keep unchanged, different UEs cannot use the same frequency domain and code domain resource in different time. So after allocating proper SR resource for all UEs, the remaining unused resource is irregular as shown in Figure 2, which is not beneficial for resource allocation. Meanwhile, considering multiple SR can be code division multiplexed, option 2 which allow changing frequency domain and code domain resource for SR is more beneficial for resource efficiency. For example, UE 1 and UE 5, UE 4 and UE 7 can be code division multiplexed in same frequency resource in option 2 respectively. However, in option 1, they have to use different frequency resource and the code domain resources are wasted.

Fig. 2 Resource allocation examples of option 1 and option 2
Proposal 5: When the beam pair is changed, a new SR resource along with a new beam pair should be indicated by gNB. 
Conclusion
This contribution provides the following observations and proposals:
Observation 1: In multiple-beam scenarios, the overhead of SR resources is considerable if each receiving beam of gNB corresponds to one SR resource.
Proposal 1: At least for the SR transmitted in short PUCCH, one bit SR with two SR configurations should be used to distinguish the scheduling for eMBB and URLLC. 
Proposal 2: SR with four SR resources should be defined for SR transmission in short PUCCH based on sequence selection to distinguish different service types.  
Proposal 3:  L1 signaling to dynamically release or enable the SR resources should be considered for SR configuration in NR.  
Proposal 4: In multiple-beam scenarios, SR resource should bundle with the BPL, especially the receiving beam of gNB, within a SR period.
Proposal 5: When the beam pair is changed, a new SR resource along with a new beam pair should be indicated by gNB. 
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