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Introduction
From [1] RAN1#87 agreement, a UL URLLC transmission can be realized by a UE without a grant from the gNB:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 
· FFS: resource configuration details
· FFS other details of design
The agreements 1 and 2 below, which were made if RAN1#88 [2] further describe how UE is configured with K repetitions (transmission) for UL URLLC transmissions, and the behavior expected from the UE:
· Agreement 1: For UL transmission without grant,
· The resource configuration includes at least the following
· Time and frequency resources, FFS: including resources for repetitions, implicitly or explicitly
· Modulation and coding scheme(s), possibly including RV, implicitly or explicitly
· Reference signal parameters
· FFS: Details
· FFS: The number of repetitions K
· FFS: Whether multiple number of K can be configured to one UE
· FFS other parameters
· FFS: A UE may continue repetitions for a TB until one of the following conditions is met 
· An ACK is successfully received from gNB 
· The number of repetitions for the TB reaches K
· Agreement 2: For UE configured with K repetitions for a TB transmission with/without grant, the UE can continue repetitions (FFS can be different RV versions, FFS different MCS) for the TB until one of the following conditions is met
· If an UL grant is successfully received for a slot/mini-slot for the same TB
· FFS: How to determine the grant is for the same TB
· FFS: An acknowledgement/indication of successful receiving of that TB from gNB 
· The number of repetitions for that TB reaches K
· FFS: Whether it is possible to determine if the grant is for the same TB
· Note that this does not assume that UL grant is scheduled based on the slot whereas grant free allocation is based on mini-slot (vice versa)
· Note that other termination condition of repetition may apply

In terms of URLLC requirement, the reliability for packet size 32bytes is fixed to 99.999% with a User Plane latency of 1ms. In order to achieve this requirement, the uplink URLLC transmission can be either not scheduled (grant-free) or scheduled (grant-based). Switching from a grant-free transmission of a given transport block to grant-based mode is also possible by signalling an uplink grant to the UE, but the detailed mechanism is FFS. This contribution highlights some aspects of the grant-free to grant-based scheduling before following on with grant-free design proposals. The contribution also discusses the time/frequency resource design of the repetitions for grant-free. In particular it considers ACK occasion timing in conjunction with the design of the asymmetrical repetitions proposed in [3] for UL URLLC. 
This is a re-submission of R1-1718355
Considerations on Uplink Scheduling
Grant-Free to Grant-Based Scheduling
Following the agreement reached in RAN1#88, a gNB that detects a UE grant-free transmission but is not able to decode the data associated with it, has two options: Continue the reception and decoding attempts of the subsequent repetitions or send an uplink grant to the UE to adjust the subsequent transmission(s) to the channel condition. While the latter solution may seem to allow a more optimal link adaptation, it comes with a control overhead and a complexity cost that is analyzed in the current section.
PDCCH Reliability Requirement
When a UE is transmitting in grant-free mode, the gNB may not be able to decode the initial transmission(s) of this UE. In this case, the gNB may rely on the PDCCH for transmitting a grant intending to improve the received SINR of the next transmission(s). In this scenario, the PDCCH decoding probability impacts the overall BLER performance of the uplink data transmission. 
Let us note PerrRep_i the probability of failing to decode repetition “i” and PerrPDCCH the probability of failing to decode the PDCCH’s DCI that carries the grant. In order to illustrate the PDCCH reliability requirement, let us assume that gNB decides to schedule a grant after the reception and decoding failure of the first repetition instance (index i=1) and that it schedules a single transmission of the remaining K-1 (i=2..K) repetitions via DCI. Then, Perr, probability of failing to decode the uplink data after grant-based retransmission can be written as:
Perr = PerrRep_1  x (1- PerrPDCCH ) x PerrRep_2 x … x PerrRep_K  + PerrRep_1 x PerrPDCCH
The use of repetitions for grant-free transmission has been agreed because it is rather unlikely that grant-free transmissions have a very low error probability PerrRep_1, for the first transmission. This probability can be estimated to be in the same range or slightly higher than the 10% currently experienced with LTE. Consequently, relying on PDCCH DCI to support URLLC BLER requirement dictates some severe requirement on PDCCH reliability (PPDCCH < 10-4), potentially hard to achieve or, at the expense of a large aggregation level/high control resource usage.
The requirement on PDCCH does not exist if the grant-free transmission design does not rely on switching to grant-based. 
Observation 1: Grant-free to Grant-based scheme dictate a high PDCCH reliability requirement.
Proposal 1: Grant-free reliability requirement should be independent of the PDCCH reliability requirement.
Channel State Knowledge Requirement
In order to bring some gain in decoding performance, the grant-free to grant-based scheme must allow a grant-based retransmission with higher SINR than would a “baseline” repetition solution. If we put aside the solution that consist of increasing the SINR by boosting the UE transmit power, increasing the SINR requires scheduling the UE within a frequency band less affected by fading. This assumes good channel knowledge by gNB.
If a UE transmits sporadically or using an SPS-like scheme with a large periodicity, the channel state will not be accurately known by the gNB before the initial transmission. Consequently, in order to be able to select the most appropriate band region for scheduled transmission, gNB shall rely on the information that could be provided by:
· A periodic signal transmission (Such as the sounding reference signal in LTE). However, this solution decreases the system capacity and increases the UE power consumption, or,
· The initial transmission which would have to span across a large frequency resource. However, this solution does not provide any information outside of the band region that is used for initial transmission and tends to needlessly increase resource usage used for transmission.
Observation 2: In order to bring a gain against grant-free transmission in decoding performance, the grant-free to grant-based scheme requires a good knowledge of the channel state.
Cell Load Dependency
Designing grant-free URLLC performance with the assumption that the BLER performance can only be achieved under a favorable channel condition provided by a DCI grant, limits the use of URLLC service for cases where the cell is not fully loaded due to, for instance, heavy eMBB traffic. Since the occurrence of URLLC grant-free traffic cannot be predicted, such restriction in the design might even force gNBs to release all the URLLC UE configurations within the cells affected by heavy eMBB traffic.
Proposal 2: The design of grant-free transmission scheme should assume that dynamically switching from grant-free to grant-based transmission is not precluded but, is also not required to reach the URLLC latency and decoding performance.
[bookmark: _Ref485285152]Principle and Motivation of GF Asymmetric Repetitions
The current section presents a transmission scheme that can be applied to grant-free transmissions and that can guarantee URLLC BLER and latency performance without switching to grant-based scheduling.
Grant-free transmission requires a large amount of repetitions to achieve a BLER of 10-5. Repetition across the time shall be very limited to respect the latency requirements. Among other potential solutions, frequency domain repetitions is one option that has been investigated in [3] and is further investigated, together with ACK timing aspects in section 3. However, for grant-free transmission, an increase of frequency domain repetitions leads to an increased probability of UE collision.
Besides the use of techniques linked to frequency diversity improvement (frequency hopping...), the frequency resource configuration can follow two directions as illustrated in Figure 1:
· Use of the same amount of freq. resources for initial & subsequent transmissions => Symmetric Repetitions
· Use of a various amount of freq. resources for initial & subsequent transmissions=> Asymmetric Repetitions
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[bookmark: _Ref481593579]Figure 1: Symmetric vs Asymmetric Repetitions
· Rk k=1, …,K is the aggregate rate including the frequency/time repetitions of transmission k. K is the maximum number of retransmission (in Figure 1 K=3).
· Nk= r/Rk is the normalized amount of resources in transmission ‘k’. ‘r’ is the mother code rate on the top which repetitions are applied
· Symmetric repetitions scheme uses the same amount of resources on all retransmissions:  N1=N2=..=NK=Nmax 
· Asymmetric repetitions scheme uses an increasing amount of resources with increasing retransmission index N1≤N2 ≤.. ≤ NK=Nmax 
The motivation for asymmetric repetitions scheme is:
· For the first transmission, to reduce the probability of collisions between UEs through a decrease of frequency resource usage while still maintaining a sufficiently low BLER,
· Even if two UEs transmit at the same time, they may still not collide if they use different resources/sub-bands 
· For the retransmission(s), to guarantee the required URLLC reliability through an increase of frequency resource usage
· For K=2, most of the packets will be delivered by the 1st transmission, with low resource usage
· For successful delivery we assume that the gNB sends an ACK to stop further transmission
[bookmark: _Ref485369929]Repetitions and ACK timing
[bookmark: _GoBack]Results presented in [3] illustrate the advantage of asymmetric repetitions with user allocations spanning across different sub-band width for successive repetitions. In this section, we analyze the options for repetition patterns across the time dimension, in relation with the ACK timing. The URLLC reliability requirement for URLLC packet size 32bytes is 99.999% with a User Plane latency of 1ms. Considering the duration that is required for a gNB to detect the transmitting UE, decode the data, and transmit ACK, a maximum of one to two UE retransmission(s) can fit within a 1 ms budget with 0.125 ms slots. Figure 2 represents the ACK occasions and associated transmitted and retransmitted data.
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[bookmark: _Ref485304866]Figure 2: ACK Occasion Timing
The same consideration can be drawn for the case of mini-slot transmissions, with the additional constraint that the ACK might have to be transmitted simultaneously with the slot-level PDCCH in order to avoid URLLC’s ACK pre-empting DL eMBB data region.
The current section investigates the two repetition options of symmetric repetitions and asymmetric repetitions:
Symmetric repetitions consist of systematically repeating the data transmitted in slot #1 throughout the next slots #2, #3, #4… K (see Figure 3). Every transmission uses the same amount of frequency resource. The repetitions always occur at least up to the reception of a new grant or up to the next ACK occasion. The decoding budget duration for the gNB implies that ACK transmitted during slot #3 results from the decoding of slot #1 only. Similarly, the ACK transmitted during slot #6 results from the decoding of the slot #4 only or of the slots #1, #2, #3, and #4 if the gNB buffered the slots #1, #2 and #3. The same reasoning applies to slots #9, and #5, #6, #7.
It should be noted that with symmetric repetitions, the UE transmission is spread in time rather than frequency but this does not preclude performing frequency hopping between repetitions.
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[bookmark: _Ref490229689]Figure 3: Symmetric Repetitions Per-slot Transmission
In the current LTE design, the first transmission needs to have sufficiently high detection probability. Detection probability is generally about or larger than 90%. This consideration is likely to remain valid to support the URLLC reliability and latency requirements. Then, it is possible to expect two drawbacks of the symmetric repetition option:
1. Increased interference: For 90% of the transmissions, the UE transmits within slots #2 and #3 some data that is not required for successfully decoding the data that is transmitted during slot #1. As a result, these “useless” transmissions create interference at gNB for the reception of other UE data. With this scheme ~ (2/3) x 90% = 60% of the UE transmissions are unnecessary interferences to other UE transmissions.
2. Higher power consumption: By systematically transmitting across groups of three slots, the UE power consumption is increased. The power consumed by the UE for transmitting the data that is acknowledged during slot #3 is multiplied by 3, in 90% of the cases, compared to the power that is actually required for the transmission.
Observation 3: Symmetric repetitions generate interference and increase UE power consumption.
Asymmetric repetitions consist of aligning transmissions with ACK occasions as represented in Figure 4. The advantages of this scheme are presented in section 2.2, in particular the asymmetric repetitions can achieve better efficiency, reduce the generated interference and the UE power consumption.
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[bookmark: _Ref485305000]Figure 4: Asymmetric Repetitions per “ACK Occasion” Transmission
By linking the definition of the transmission pattern with the timing of the ACK occasion, the asymmetric repetitions allow naturally to multiplex the UEs in a TDM manner.
Observation 4: Aligning UE transmission with ACK occasions allows multiplexing UEs in time.
UE Multiplexing
Within a time/frequency region configured for URLLC UE transmission, UEs can be multiplexed in time, frequency or code (for instance, using UE specific DMRSs). Time and frequency multiplexing allows avoiding UE collisions if the number of UEs remains below a threshold. Above this threshold code based multiplexing allows UE transmission detection within the same time/frequency resources. Figure 5 represents time/frequency multiplexing of an URLLC region spanning over three frequency units at any given time. For both options “symmetric/asymmetric repetitions”, up to three UEs can be configured to coexist without collision but if restricted to the 1st transmission, it can easily be seen from Figure 5 that asymmetric repetitions allows for 3x more users that can be MUX without collision on the 1st transmission than compared to symmetric repetitions. Given that the 2nd transmission are rarely used (for BLER target <10% on the 1st transmission), therefore asymmetric repetitions allows for higher MUX capacity.
It can be seen in the example below that asymmetric repetitions will introduce some small latency overhead, but without impact on the overall latency requirement.
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[bookmark: _Ref485324688]Figure 5: UE Multiplexing
Observation 5: Asymmetric repetitions coupled with TDM achieve higher UE multiplexing capacity than symmetric repetitions.
Figure 6 shows simulation results of UL GF symmetric and asymmetric repetitions schemes for a system of 1 cell and 9 UEs. For symmetric repetitions, the UEs are split into 3 groups that are orthogonal in frequency. Every UE transmits with a symmetric scheme {N1, N2,… , N9} = {1,1,…,1} where the value 1 represents one frequency resource unit as shown in Figure 5. For asymmetric repetitions, the UEs are split into 3 groups that are orthogonal in time. Every UE transmits with an asymmetric pattern {N1, N2, N3} = {1, 3, 3} similar to Figure 5.
Each group contains 3 UEs. UEs that belong to different groups do not collide. UEs that belong to the same group are allowed to collide. UEs transmit packets at an average rate of 50 Hz, or, equivalently, one packet every 160 slot or every 20 ms. One frequency resource unit of 6 RBs (4.32MHz) allows to map a 32 bytes packet with QPSK code 1/3. gNB implements soft combining of the successive repetitions.
Figure 6 illustrate that using asymmetric repetitions with pattern {1, 3, 3} it is possible to fulfill the URLLC reliability requirement of 10-5 BLER for 9 UEs ~4 dB below what is achievable using symmetric repetitions. 
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[bookmark: _Ref485304128]Figure 6: BLER vs SNR for Symmetric / Asymmetric Repetitions
Observation 6: For a given number of UEs using UL GF, asymmetric repetitions aligned on ACK occasion provides better reliability than per-slot symmetric repetition.
The average resource usage associated with asymmetric repetitions is an aspect worth verifying due to the larger band used for retransmissions. As presented in Figure 7, the resource usage is clearly higher in the case of symmetric repetition as compared to asymmetric repetition. Effectively, with asymmetric repetitions, the probability of retransmissions of the initial transmission is very low due to a very low probability of initial collisions. This allows keeping the use of large allocation marginal and maintains a very low average of normalized resource usage converging towards 1 for asymmetric repetitions and towards 3 for symmetric repetitions, in the region where BLER < 10-5, which means that with asymmetric repetition, most of the transmissions succeed from the 1st repetition.
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[bookmark: _Ref490041557]Figure 7: Average Normalized Resource Usage for Symmetric and Asymmetric Repetitions
Proposal 3: Support UL GF asymmetric repetition configuration.
Proposal 4: Align UL GF repetitions with ACK occasions.
Conclusion
In this contribution, we highlighted the hidden overhead and complexity of relying on grant-free to grant-based switching to meet URLLC UL requirements and provided a simple grant-free transmission design that guarantees to achieve the URLLC requirements under heavy cell load scenarios without a high PDCCH decoding requirement or extensive channel knowledge. Finally, we show how aligning the UE retransmissions with ACK occasions enables reducing the inter-cell interference and UE power consumption while still keeping latency and average resource usage low.
The following observations and proposals are given for consideration:
Observation 1: Grant-free to Grant-based scheme dictate a high PDCCH reliability requirement.
Observation 2: In order to bring a gain against grant-free transmission in decoding performance, the grant-free to grant-based scheme requires a good knowledge of the channel state.
Observation 3: Symmetric repetitions generate interference and increase UE power consumption.
Observation 4: Aligning UE transmission with ACK occasions allows multiplexing UEs in time.
Observation 5: Asymmetric repetitions coupled with TDM achieve higher UE multiplexing capacity than symmetric repetitions.
Observation 6: For a given number of UEs using UL GF, asymmetric repetitions aligned on ACK occasion provides better reliability than per-slot symmetric repetition.
Proposal 1: Grant-free reliability requirement should be independent of the PDCCH reliability requirement.
Proposal 2: The design of grant-free transmission scheme should assume that dynamically switching from grant-free to grant-based transmission is not precluded but, is also not required to reach the URLLC latency and decoding performance.
Proposal 3: Support UL GF asymmetric repetition configuration.
Proposal 4: Align UL GF repetitions with ACK occasions.
References
[1] [bookmark: _Ref481672677]Draft RAN1 Chairman’s notes of 3GPP TSG RAN1#87, Reno, US, November 2016.
[2] [bookmark: _Ref481759880]Draft RAN1 Chairman’s notes of 3GPP TSG RAN1#88, Athens, Greece, March 2017.
[3] [bookmark: _Ref484783556][bookmark: _Ref485328467]R1-1707858, MediaTek, “Grant-free Scheduling and Retransmission Schemes for UL URLLC”, RAN1#89, Hangzhou, P.R. China, May 2017.
Appendix
System level simulation assumptions:
· One Cell (No inter-cell interference),
· No control plane is simulated.

	Parameter
	Value

	Subcarrier Spacing
	60 kHz

	TTI
	0.125 ms

	Antenna Configuration
	2Tx/2Rx antennas

	Channel Coding
	LDPC, Coding rate 1/3

	Packet Size
	32 Bytes

	Soft Combining
	Enabled

	Channel
	TDL/A with 30ns RMS delay

	Channel Estimation
	Ideal

	Number of UEs
	9

	UE Traffic
	On average each UE transmits 50 packets per second (50Hz, i.e. one packet every 160 slots)

	UE dropping
	All UEs have the same SNR (full power compensation assumption)

	UE detection
	Ideal
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