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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#88bis, the following were agreements to study the possibility of SR triggered grant based transmission considering URLLC requirement [1]:
Agreements:
1. 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.
1. FFS: SR details
1. For initial grant-based transmission, retransmissions can be grant-based
[bookmark: _Ref129681832]Based on the agreements, in this contribution, we discuss the design dimensions and evaluation aspects for a SR based transmission scheme to support UL URLLC applications. 

Discussion on SR based transmission for URLLC
In LTE, for each active UE, the base station (BS) may reserve a SR resource every n TTi to give each UE a dedicated SR resource. The frequency of the SR resource n is configurable. To maximize efficiency of SR transmission, multiple SRs may be multiplexed together through TDM/FDM/CDM
We assume a similar procedure to be adopted in NR. However, if SR is used for URLLC services, unlike the SR design used in LTE, SR opportunities per user should be provided fast enough to accommodate the latency requirements, thus incurring a high overhead depending on supported traffic population in the network. As a result, SR design and scheme evaluation in NR should at least address the following challenges and justify its capability to meet the stringent requirements of URLLC.
1) Reliability: Given an overall requirement of 99.999%, the reliability of SR and the following DL scheduling grant (SG) both have to achieve a lower BLER than 10-5, which may not be achievable by the current LTE SR design. Thus, a new design for the high reliability may introduce extra time resource and more control overhead.  The reliability of SR based transmission needs also to take into consideration the reliability of UL grant, which may introduce further time resources and signaling overhead. So the transmission time and resource for data will be reduced accordingly.
Expressed in formula, it is demanded to have

where we have assumed that the three procedures (SR, SG and data transmissions) are independent for a simplified analysis.  For further simplification, it approximately demands

Assume SR, grant and data transmission achieves similar reliability, then at least it demands

Fig 1 shows some typical reliability of 1 bit SR detection performance (4 out of 12 UEs) using similar design of LTE but in one symbol and 10RB, with and without inter-cell interference, respectively. From the figure we see that that it is hard to reach BLER < 10-5 with only one transmission even in single cell case. SR retransmission may be considered to enhance reliability but it will introduce a longer delay and lead to the latency issue.
[image: cid:image003.png@01D2BDAE.8A8E81C0]
Figure 1: Example of the detection reliability of one time SR transmission
2) Overhead: The overhead of SR based transmission may include at least a SR on uplink control channel, a scheduling grant (SG) in downlink control channel. To satisfy the requirement of low latency and high reliability, much more SR resources than in current LTE have to be allocated to SR transmission alone, which may cause excessive control overhead to the system, especially when the number of potential users is high. 
We provide here a simple analysis on SR opportunities and overhead, assuming the control channel (i.e., PUCCH) overhead with multiplexing of SR opportunities and other UCIs is equivalent to LTE, in which one RB over 14-symbol sub-frame can typically support 18 UEs with SR multiplexing.    Consider a total bandwidth of 20MHz with 15kHz subcarrier spacing (SCS) (effectively 100RBs) and to support, for example, 60 active URLLC UEs (could be more in reality) in a cell, the control overhead of having one SR opportunity for each UE in every OFDMA symbol (OS) is around 
 
where more SR opportunities could be obtained by scaling up the control overhead. 
The overhead here is definitely too high to be acceptable in a real system. The control overhead related to (LTE-like) SR versus SR periodicity per UE is shown in Table 1. If we assume a smaller control overhead of, e.g.,  10%, it is seen from the table that the SR opportunity periodicity per UE is more than 5-OS period (with 15kHz SCS), thus having occupied over 1/3 of the URLLC latency bound of 1ms. Moreover, an enhanced SR (e.g., 2-bit) may require the doubled resources of the current LTE based SR, so the SR periodicity would occupy most of the URLLC latency window, making the UL data transmissions very hard to achieve the URLLC reliability.  If 2% SR/control overhead is used, the LTE-like SR opportunity periodicity per UE will be more than 24-OS period, which makes it impossible to meet the URLLC latency requirement. 
If the SR resource per UE, equivalent to LTE 15kHz SCS, is applied to SCS of 60kHz with the same total 20MHz and to support 60 URLLC UEs, the overhead of (LTE-like) SR versus SR periodicity per UE is shown in Table 2, where the same conclusion can be made as 15kHz SCS case. 
Furthermore, it is expected that a TDD configuration will make the number of available SR opportunity periodicity per UE even larger (see, e.g., Figure 3). As a result, SR based GB transmission would not be applicable to URLLC services when taking into account the SR/control overhead and the turn-around time from SR to SG. 

Table 1: Control overhead of SR transmission vs. different SR periodicity (15kHz SCS)
	SR periodicity (number of OFDM symbols) per UE
	1
	3
	5
	7
	24

	SR/control overhead
	46.7%
	15.6%
	9.3%
	6.7%
	1.9%



Table 2: Control overhead of SR transmission vs. different SR periodicity (60kHz SCS)
	SR periodicity (number of OFDM symbols) per UE
	2
	6
	12
	20
	96

	SR/control overhead
	93.3%
	31.1%
	15.6%
	9.3%
	1.9%



Note that to reduce the overhead, we have to increase the SR opportunity periodicity, which on the hand will take more (i.e., waiting) time for a UE to send a SR upon its packet arrival (thus occupying more time within the URLLC latency window).  Moreover, it may need more than one transmission for a SR to achieve BLER around or below 10-5 (i.e., even more time required for SR).
3) Latency: With one way latency requirement of 0.5ms and an overall latency requirement of 1ms to reach 99.999% reliability, the availability of SR opportunities for each UE in short period is crucial, i.e., the opportunity cycle of available SR resources has to be short enough, which may introduce large control overhead depending on the number of potential users in the system. 
Moreover, depending on a user channel condition, SR and SG each may require more than one transmission for the user to obtain the reliability of BLER < 10-5. Note within the given budget of 1ms, the available time for data transmission (equivalently the number of retransmissions) will be reduced due to the time spent on SR and SG to reach the reliability requirement. 
Figure 2 illustrates an example for timing of SR, UL grant and data transmissions for a FDD system, where it is assumed that 60KHz sub-carrier spacing (SCS) with a 7-OS slot.  Assume UL control overhead of 10%, according to Table 2, a URLLC UE for this scenario will have 1 SR opportunity every 20 OSs or approximately every 3 slots. From the reliability analysis in sub-section 1) and LL simulation results of Figure 1, one SR transmission cannot meet the reliability requirement of URLLC for UEs below 6dB. Therefore, we have assumed one SR retransmission in Figure 2. It can be seen that from the figure, even if UL grant can be sent immediately after the SR, only 1 UL data transmission slot can be performed within the 1ms latency bound, which may not be sufficient for data transmission to achieve reliability requirement of URLLC. 

[image: ]
Figure 2: Example timing of SR triggered transmission for URLLC in a FDD system

It is noted that our analysis in Figure 2 didn’t consider additional time incurred due to the RTT constraints from SR to SG in TDD setup, which depends on UL/DL configurations and (mini-)slot/sub-frame structures used, As a result, SR based UL transmission to support URLLC services is more challenging in TDD than FDD; thus, its design and evaluation will also require to consider the applications in TDD systems. 
Figure 3 shows an example of the latency analysis of SR triggered UL transmission for URLLC for a TDD configuration. NR may have different possible configurations for a TDD system. In Figure 3, we have chosen a configuration same as [3],  by considering both DL/UL switching gap overhead (each gap will need to occupy at least one symbol period) and symmetric DL/UL traffic in TDD. It is shown that, to support, for example, 60 active UEs in a cell, a configuration on SR opportunities every 6 OS per UE would be corresponding to over 30% SR/control overhead according to Table 2 with 60 KHz SCS, assuming the same way of SR resource multiplexing in LTE. In such configuration, the time left for UL data transmission within the 1ms latency bound is about 2 slots, which is not enough to guarantee the reliability for every arrival packet. 
Actually, an SR/control overhead as high as 30% is not practical,  so if more practical SR overhead, say, 10% is used, each UE will have one SR opportunity every 20 OSs, which means that there is no single data transmission opportunity after SR and SG period within the delay budget.  
[image: ]
[bookmark: _Ref480971264]Figure 3: Example timing of SR triggered transmission for URLLC in a TDD system

The relationship between the three aspects to support URLLC applications can be illustrated in Figure 4, where, to satisfy the latency and reliability requirements, the Reliability may introduce extra time (e.g., retransmissions) for the SR and SG messages that will consume more Latency budget; the Reliability and Latency may introduce extra transmissions and faster SR opportunities (for each UE), respectively, thus both contributing to the control overhead.    
[image: ]
Figure 4: Illustration of the design aspects.
Proposal 1:  To meet URLLC requirements, SR based uplink transmission design and evaluation should consider at least the following aspects: UE SR opportunities and overhead, SR and scheduling grant latency, as well as joint reliability of SR, scheduling grant, and data transmission.

Note the above analysis on SR based UL transmission for URLLC assumes an ideal type of slot/mini-slot, i.e. a UE can always find in time a DL transmission instance for SG after SR transmission, and then perform UL transmission in time according to SG. For URLLC, to maximize the utilization of all available UL transmission opportunities by grant free repetition is much simpler from both gNB and UE perspectives, and is applicable for currently proposed slot/mini-slot types as a common solution for NR.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discuss the design and evaluation dimensions for a SR based transmission scheme to support UL URLLC applications, and have the following proposal. 
Proposal 1:  To meet URLLC requirements, SR based uplink transmission design and evaluation should consider at least the following aspects: UE SR opportunities and overhead, SR and scheduling grant latency, as well as joint reliability of SR, scheduling grant, and data transmission.
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