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1 Introduction
In the previous RAN1#86bis meeting RAN1 discussed various resource sharing/assignment schemes and the following are some of the agreements related to scheduling and control signalling to support URLLC in NR [6], [7]:  
R1-1610952	Semi-static resource sharing between eMBB and URLLC LG Electronics, Panasonic,
Agreements:
· Consider further the trade-offs for meeting URLLC requirements for the following.
· Semi-static resource allocation for UL data transmission.
· Dynamic indication of available resource (e.g., by broadcast DCI) for UL data transmission.
· Normal SR-based transmission
· Other solutions are not precluded

Email discussion about DL L1/L2 control channel design until 7th November (including R1-1610671) – Stefan (Ericsson)
Email discussion about UL L1/L2 control channel
R1-1610887 	Notes from offline discussion on uplink control channels
Sect. 2.3 Multiplexing
· FFS: periodic scheduling request structure may not meet the latency requirements.	
---
As noted in the offline discussion notes, we address the need for an on-demand scheduling request signal to meet the latency requirements for URLLC deployments. The contribution is organized as follows:
· Section 2 discusses the advantages zero-wait-time underlay scheduling request scheme
· Section 3 presents the underlay SR signal design details and performance
· Section 4 presents conclusion and summary
2	Advantages of zero-wait-time underlay scheduling request scheme
To handle the trade-off between latency and resource utilization efficiency for UL access, an essential aspect for URLLC deployments, a new scheme with a zero-wait-time underlay scheduling request (SR) signal was described in [1]. As shown in the Figure 1, the underlay SR is a multiple access spread spectrum signal transmitted by those UEs requesting uplink transmissions. Each UE transmits the underlay SR using the entire channel bandwidth during the DL and UL data transmissions. For further details refer to [1].  

[image: ]
Figure 1: Single numerology for the underlay SR signal transmission 
Furthermore, in [1] we discussed several advantages of the underlay SR signal and we briefly list some of them below: 
· Uplink access latency reduction by eliminating the wait-time
As discussed in [1] and [2], during the UE-initiated transmission one of the dominant factors is the SR-related latency. We showed the underlay SR signal allows the UEs to transmit SRs immediately such that in response the gNB can transmit the corresponding UL grants in the very next available DCI transmission. This scheme reduces the average waiting time to almost zero for the UE to transmit its SR and it also eliminates the delay uncertainty since the unknown wait-time for SR transmission component is removed. Hence, we name this scheme the zero-wait-time SR method. 
· Scheduler flexibility to implement dynamic TDD 
In dynamic TDD deployments, the opportunity to transmit a SR within the required time is much more difficult when delay-tolerant eMBB type transmissions use an aggregation of multiple subframes [4] to reduce the control-signalling overhead. Assuming no resources are available for UCI during the multi-subframes, the UEs have to wait a long time for an opportunity to transmit the SR. This is a problem especially for URLLC services since they are required to meet stringent latency requirements. Figure 2 shows the scenario when there is no opportunity to transmit the UCI during the multi-subframes DL transmission. This is a perfect situation for the interested UEs to transmit their respective underlay SR signals requesting UL resources. The underlay SR received at the serving gNB provides a sufficient lead-time to the scheduler to schedule the requested uplink transmissions in an efficient manner. Additionally, the underlay SR signal does not require any dedicated resources and provides always-on availability for contention-based SR transmissions and no spectrum fragmentation as in the case of PUCCH/PUSCH in LTE.
[image: ] 
Figure 2: Scheduling requests transmitted during the multi-subframes downlink transmissions  
In [3] SR resource-allocation methods (semi-static, dynamic and hybrid) were discussed to meet different requirements of different scenarios. On the other hand, the zero-wait-time underlay SR approach gives a universal design that meets the requirements of all the scenarios. 
Proposal: NR should support the underlay SR to reduce latency that is an important aspect for the UL transmissions in URLLC deployments. 
3	Underlay Scheduling Request Signal Design and Performance 
The underlay SR signal for NR can be similar to LTE, i.e., using on/off mechanism so as to allow the gNB to perform the presence/detection of the underlay SR signal. As mentioned before, only those UEs interested in the uplink transmission transmit orthogonal SR underlay signals using the entire channel bandwidth.
[bookmark: _GoBack]A UE that wishes to send an SR transmits a direct-sequence spread-spectrum signal (DSSS), appended with a cyclic prefix (CP). As shown in Figure 3, the CP-assisted DSSS signal is generated such that it will be aligned with the OFDM symbols within the respective cell. The spreading sequence is a cyclic-shifted ZC-sequence. Different numbers of shifts are applied for each bit to assure orthogonality of the signals associated with different UEs.  A subset of M cyclic-shifted sequences out of total N cyclic-shifted versions of the root ZC-sequence are assigned to each UE if there are M different sizes of uplink transmission formats available. For example, if in the URLLC case three different uplink transmission format sizes {32, 50, 200 bytes} are considered [5], then three cyclic-shifted ZC-sequences are assigned to a UE. 
[image: ]
Figure 3: Generation of CP-assisted DSSS based scheduling request underlay signal
Figure 4 presents the probability of miss-detection as a function of SNR and two choices of the ZC sequence length N1= 512 and 1024 (see Table 1 in Appendix A for simulation assumptions). Zeros are inserted between ZC-sequences samples to match the FFT length of N = 1024 and N=2048 for 10 MHz and 20 MHz channel bandwidth, respectively. Coincidentally, the plots also indicate the probability of false alarm, i.e., no signal has been sent, but a bit of one is detected. The number of simultaneous UEs that can be supported per symbol-duration depends upon the length of the ZC-sequence, N1, and the length of CP.
With the CP length of L where L<< N1, within each OFDM symbol, one can transmit  ISI free bits of the DSSS signal. Furthermore, assuming 7 available OFDM symbols within each downlink subframe (not including DCI and UCI symbols), a total of UEs can be transmitted over each subframe. With a typical CP length of 7% of the OFDM symbol-duration, one will find that  UEs can transmit their underlay SR signals per subframe-duration without interfering with each other.
Proposal: NR should consider the direct-sequence spread-spectrum control channel for the scheduling request using the cyclic-shifted ZC sequences as the spreading signature.  
4	Conclusion
In this contribution we made the following proposals:
Proposal: NR should support the underlay SR to reduce latency that is an important aspect for the UL transmissions in URLLC deployments. 
Proposal: NR should consider the direct-sequence spread-spectrum control channel for the scheduling request using the cyclic-shifted ZC sequences as the spreading signature.  
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Figure 4: Probability of miss-detection for the underlay scheduling request signal
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Appendix A
Table 1: Simulation Assumptions for the results in Figure 4
	Parameter
	Values

	System bandwidth
	10 and 20 MHz

	Chip rate
	7.68 and 15.35 Mcps

	Spreading factor
	512 and 1024

	CP length
	4.7 us

	Channel estimation/receiver
	Ideal

	Channel model
	TDL-C, 3 kmph
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