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1. Introduction
In RAN1NR-AH and #87 meetings, following agreements were made [1][2]:
	Agreements:
· Time interval between SR resources configured for a UE can be smaller than a slot
Agreements:
· For an UL transmission scheme with/without grant
· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported, 
· FFS the way K is determined
· FFS: hopping mechanisms over the transmissions
Agreements:
· 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


In this contribution, we provide our views on grant-based and grant-free UL transmissions and switching methods between grant-based and grant-free UL transmissions.
2. Discussion
 This contribution is organized as follows. In section 2.1, we discuss SR-triggered (grant-based) UL transmission. In section 2.2, we present several schemes for grant-free UL transmissions. In section 2.3, we provide our views on switching and overlapping methods between grant-based and grant-free UL transmissions.
2.1.  SR-triggered UL transmission
SR-triggered UL transmission (grant-based UL transmission) has been widely used for dynamic uplink scheduling. For URLLC, latency is an issue of SR-triggered UL transmission. Thus, it is necessary to transmit URLLC traffic at the UL resource scheduled by the first UL grant after SR transmission as shown in Appendix. In this case, gNB should schedule UL resource without buffer status information, which induces latency increase or resource waste. If the resource scheduled by the first UL grant is not enough to transmit a URLLC packet, latency is increased and the target reliability may not be achieved. Thus, it is reasonable for gNBs to schedule UL resource assuming the biggest packet size. However, if the gap between the biggest packet size and smallest packet size is large, it is resource inefficient to allocate UL resource assuming the biggest packet size. Alternatively, it can be considered to transmit grant-free UL transmission together with buffer status reports. In case, the amount of required resources for grant-free UL transmission can increase, and it may result in increase on collision probability. Furthermore, when collision is happened, UE will miss the buffer status reports. This problem is more important for URLLC scenario because low code rate and low modulation order is more frequently used for URLLC data transmission to meet the high reliability target. Thus, it is necessary to employ schemes transmitting BSR with SR simultaneously. 
Proposal 1: For URLLC, NR needs to consider how to transmit buffer status together with SR on UE-dedicated resources.
gNB could allocate multiple SR resources for a single UE to deliver buffer status by SR. Since SR resource is limited, buffer status report should be quantized more compared with buffer status report in MAC layer. For example, two SR resources could be allocated for a UE. In this case, SR 1 indicates buffer status 1 and SR 2 indicates buffer status 2. If an arrived packet at a UE has the size of buffer status 2, the UE requests scheduling by SR 2. Otherwise if an arrived packet has the size of buffer status 1, the UE requests scheduling by SR 1. By doing this, the UE can deliver buffer status by SR and the coverage of SR is maintained because the UE does not transmit SR 1 and 2 simultaneously.
The amount of resource required for SR could be much larger than other scenarios such as eMBB services because URLLC services require allocating SR resources in a short period to achieve the target latency. Also, multi-level SR schemes can increase the resource required for SR transmission. Thus, it is necessary to employ resource efficient SR allocation schemes to reduce SR overhead. We introduce several schemes to efficiently allocate SR resource as follows.
· (Dynamic SR allocation) In uplink control channel, the number of ACK/NACKs to be transmitted is dynamically changed according to DL transmission. Thus, resources unused for ACK/NACKs can be used for SR. To share resource efficiently, it could be beneficial to have commonality between the control channel formats of SR and others such as CQI and ACK/NACK.
· (SR level adaptation) The number of levels of multi-level SR schemes can be changed according to the amount of remained resource in uplink control channel and the URLLC requirements. For example, the number of levels can be set high to inform gNB of BSR in a high resolution if the amount of remained resource in uplink control channel is enough. Also, the number of levels can be set as 1 for URLLC services having the target latency of larger than 2 ms since the target latency is long enough to transmit BSR separately.
· (Resource-shared SR) UEs could share a part or all of SR resources to reduce SR overhead. If resource-shared SR is used to allocate UE-dedicated UL resource, there can be contention between SR signals. If resource-shared SR is used to allocate UE-shared UL resource, there may not be contention between SR signals but can be contention between data signals. Also, the resources of resource-shared SR can be allocated at uplink control channel or uplink data channel.
The above schemes improve the resource efficiency of SR but have some limitations. Dynamic SR allocation cab reduce the average latency of UL transmission but does not reduce the maximum latency of UL transmission because it does not reduce the worst-case time interval between SR resources. SR level adaptation increases the resource efficiency of UL data transmission by increasing the resolution of BSR and has higher resource efficiency than fixed multi-level SR. However, it has worse resource efficiency than the conventional single-level SR. Resource-shared SR may decrease the reliability of SR.
Proposal 2: Further investigation on efficient SR resource allocation is necessary for URLLC.

2.2. Grant-free UL transmission
Grant-free UL transmission has been considered because it can reduce scheduling latency, control overhead, and the decoding failure probability of control signals (e.g. UL grant). For periodic uplink traffic, gNB can predict the packet arrival time of a UE so that there is no resource waste problem even if resource is semi-statically scheduled. For aperiodic traffic (specifically for sporadic traffic), it is resource inefficient to reserve UL resource semi-statically for a single UE because gNB cannot predict the packet arrival time. Thus, following solutions can be considered.
· (Resource sharing) gNBs semi-statistically allocate contention-based resource which is shared by different UEs. With resource sharing, the time interval of grant-free resources can be decreased while the amount of grant-free resource is fixed. Thus, this scheme can increase the maximum number of transmissions of a TB.
· (Claim and transmit) gNBs configure UE-dedicated resource similar to SPS which can be used by URLLC UE by claiming it before it is used. Unclaimed resource could be used for scheduling other UEs. Claiming can be done explicitly or implicitly (by sensing the resource).
· (SPS with dynamic resource adaptation) Schemes such as dynamic adaptation of URLLC uplink resource portions, DL/UL FDM in a band, and symbol-level TDM between DL and UL [3] can be employed with SPS while SPS is used to reserve a URLLC UL resource to guarantee the transmission of minimum traffic and control signals.
· (Activation, release, halt) Activation and release of grant-free UL resource by gNBs can be used to improve resource efficiency as in LTE. If multiple grant-free UL resources are allocated for a UE, a part of the grant-free UL resources can be released when resource for grant-based UL transmission is not enough. The UE still can transmit signals in the remained grant-free UL resources but the collision probability increases. Instead of resource release, grant-free UL resource can be halted for a number of subframes or slots or mini-slots. If a UE receives a halt message, the UE does not transmit signals at grant-free UL resources indicated by the halt message. The halt message can be UE-specific or Cell-specific signal and can be used when gNBs want to temporarily increase grant-based resource.
The time interval between contention-based UL resources (shared-resource) can be changed although SPS is applied due to reserved resource, DL transmission in TDD frame structure, etc. The collision probability  of a contention-based UL resource is changed according to the time interval between resources, because  is proportional to the time interval between contention-based UL resources. The detailed description is as follows.
·  is proportional to the number of UEs who have packets to be transmitted . Here,  is proportional to packet arrival rate and the time interval between contention-based UL resources. That is, collision probability linearly increases as the time interval between contention-based UL resources increases as shown Figure 1.
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Figure 1. An example of collision probability  increase

Observation 1: For aperiodic URLLC traffic, SPS (or equivalent functionality) is resource inefficient.
Observation 2: For contention-based UL resource, the collision probability of each transmission is proportional to the time interval between resources.

From the above observation, it can be seen that it is necessary to employ schemes to maintain reliability although collision probability is changed. Following options can be considered.
· (Grant-based Retransmission) The performance loss at the first transmission can be overcome by robust retransmissions. For robust retransmission, it would be beneficial to employ grant-based retransmissions because collision can be avoided and gNBs can elaborately control MCS level and transmit power for each UEs.
· (SPS with dynamic resource adaptation) gNBs transmit UL grant to allocate additional resource to reduce collision probability. That is, a part of resource-shared UL resource is scheduled semi-statically and the other part of resource is scheduled dynamically. If a UE fails to decode the UL grant, it can transmit signals in semi-statically allocated resource.
Proposal 3: For URLLC Uplink, grant-based retransmission should be supported for grant-free initial transmission.
Proposal 4: NR needs to consider dynamic resource adaptation to allocate additional resource for load balancing and congestion control of grant-free UL transmission at contention-based resource.

2.3.  Switching methods between grant-based and grant-free UL transmissions
In this subsection, we discuss UE behaviour when a UE receives a UL grant while the UE has activated grant-free UL resources. At first, we consider the case when a UE receives a UL grant for retransmission of a TB. At second, we discuss the case when a UE receives a UL grant for initial transmission of a TB.
When TBs are retransmitted at shared grant-free UL resource, the collision probability can be a dominant factor of reliability because collision can be occurred during retransmissions. Thus, the amount of contention-based resource should be increased and/or the number of resource-shared UEs should be decreased to reduce the collision probability as low as the value satisfying the target reliability. It is very resource inefficient to retransmit TBs in contention-based grant-free resource. Otherwise if TBs are retransmitted in grant-based resource, retransmissions are contention-free. Thus, the target reliability can be achieved by retransmissions even if the collision probability of the initial transmission is high, which means that a larger packet arrival rate or a larger number of resource-shared UEs is allowable at the initial transmission compared with the former case. We propose following retransmission schemes
· (UE-dedicated grant) gNBs allocate UE-dedicated resource for retransmissions. To do this, gNBs should know which UE transmits signals. Thus, each UE should have orthogonal signals to let gNBs recognize its data transmission. There are two types of indication signals as follows.
· (Additional signal) Additional signals can be allocated for UEs to indicate grant-free UL transmission. UEs should transmit the indication signal in a certain period of time after (or before) transmitting data in a grant-free UL resource. For example, SR resources and/or random access preambles can be allocated as indication signals.
· (DMRS) DMRS can be used to indicate grant-free UL transmission by allocating orthogonal DMRS to each UE. In this case, the maximum number of resource-shared UEs is upper-bounded by the maximum number of orthogonal DMRS. Thus, the number of resource-shared UEs of this method is smaller than the above scheme but resource efficiency of this method is higher.
· (Resource-dedicated grant) When a gNB does not know the identity of transmission UEs for retransmission grant, another approach is to indicate retransmission for the received resource. UEs can identify whether to retransmit or not based on the resource used in initial transmission. For example, UL grant for retransmission includes the information of resource used in initial transmission by CRC masking. This approach however needs mechanisms to allow HARQ combining as like grant-free retransmissions because collision still can occur during retransmissions. One of examples is to separate initial resource and retransmission resource such that aggregation over different resources are assumed for HARQ combining. For this approach, mechanisms to allow HARQ combining needs further investigation. 
Given the reliability benefits, grant-based UE-specific UL grant for retransmission is supported. Grant-free based retransmission needs further investigation on resource utilization, HARQ combining mechanism, etc. 
Proposal 5: If a UE receives a UL grant for retransmission of a TB, the UE retransmits the TB in the scheduled resource by the UL grant.

[bookmark: _GoBack] For initial transmission of a TB, several options can be considered in addition to that a UE follows grant-based UL transmission procedures if the UE receives a UL grant. Those options are as follows.
· (Option 1) If a UE receive a UL grant for initial transmission of a TB, the UE transmits the TB in the scheduled resource by the UL grant.
· (Option 2) If a UE receive a UL grant for initial transmission of a TB, the UE can transmit the TB in grant-free UL resource and/or the scheduled resource by the UL grant. The UE can select resource for UL transmission or gNBs can send signaling semi-statically to order UE behavior.
Option 1 would be beneficial when grant-free UL resource is shared by several UEs. A UE which received UL grant can avoid collision by transmitting a TB in grant-based resource and the other UEs can expect less collision at the grant-free UL resource. For example, a UE can send scheduling request at the downlink subframe in TDD systems even if the UE has grant-free UL resource as shown in figure 2. If self-contained frame structure is applied for URLLC, the UE can send a TB in grant-based resource at the subframe where grant-free resource (GF-UL) is allocated.
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Figure 2. An example that a UE receives a UL grant while the UE has grant-free UL resource.
Option 2 can be considered for the case that a UE can transmit a TB in both grant-based and grant-free resources to improve reliability or select grant-free or grant-based resource depending on latency requirement.
Proposal 6: Further study switching methods between grant-free and grant-based UL transmission when a UE receives a UL grant for initial transmission of a TB.

Also, we can consider the case that grant-based resource overlaps with grant-based resource. This case can be happened intentionally by gNBs or accidently as the network does not know UE grant-free transmission. For example, gNBs intentionally overlap grant-based and grant-free resources when the amount of unreserved resource is not enough for grant-based transmissions. Then, gNBs should set the MCS level and transmit power of grant-based UL transmission considering collision. For another example, resource overlapping can be happened accidently when gNBs sent UEs release or halt message to stop transmission in grant-free UL resource but some UEs fail to decode the release or halt message. For both examples, it would be beneficial to allocate orthogonal DMRSs between grant-free and grant-based UL transmissions. Also, priority in handling of grant-free and grant-based PUSCH resource collision needs to be further investigated. Particularly, when different scheduling interval is used between grant-free and grant-based, some further consideration on the collision case seems necessary. 

3. Conclusion
In this contribution, following observations are obtained:
Observation 1: For aperiodic URLLC traffic, SPS (or equivalent functionality) is resource inefficient.
Observation 2: For contention-based UL resource, the collision probability of each transmission is proportional to the time interval between resources.
Our proposals in this contribution are as follows: 
Proposal 1: For URLLC, NR needs to consider how to transmit buffer status together with SR on UE-dedicated resources.
Proposal 2: Further investigation on efficient SR resource allocation is necessary for URLLC.
Proposal 3: For URLLC Uplink, grant-based retransmission should be supported for grant-free initial transmission.
Proposal 4: NR needs to consider dynamic resource adaptation to allocate additional resource for load balancing and congestion control of grant-free UL transmission at contention-based resource.
Proposal 5: If a UE receives a UL grant for retransmission of a TB, the UE retransmits the TB in the scheduled resource by the UL grant.
Proposal 6: Further study switching methods between grant-free and grant-based UL transmission when a UE receives a UL grant for initial transmission of a TB.
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5. Appendix
In this appendix, we show the latencies of SR-triggered UL transmission of two cases. In Case 1, SR is transmitted in the middle of a minislot (or slot/subframe). In Case 2, UEs can transmit UL data at the same subframe where they receives UL grant (characteristic of self-contained frame structure).
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Figure 3. Overall latency examples for retransmission
Let’s assume that gNB scheduling/encoding latency is 0.5 * TTI, transmission time is 1 TTI, and data decoding latency is 0.5 * TTI, the maximum frame alignment time is 1 TTI, and the TTI length is 0.142 ms which denotes the length of two OFDM symbols of 15kHz subcarrier spacing. In Case 1, the overall latency becomes 4*TTI for the first transmission and 7 * TTI for two transmissions as shown in Figure 2. On the other hand, in Case 2, the overall latency becomes 3.5*TTI+symbol_length for the first transmission and 6* TTI + symbol_length for two transmissions as shown in Figure 2. By substituting 0.142ms into the previous results, it can be seen that UEs can retransmit UL data with SR-triggered first transmission. Also, the overall latency of Case 2 can be reduced by using larger subcarrier spacing. Table 1 shows the latencies of Case 1 & 2. The latencies of Case 2 are obtained from numerologies proposed in our companion contribution []. In the contribution, mini-slot has three options as follows. 
· Option 1: Two OFDM symbols with normal CP with 15 kHz subcarrier spacing,
· Option 2: Four OFDM symbols with normal CP with 30 kHz subcarrier spacing,
· Option 3: Six OFDM symbols with extended CP with 60 kHz subcarrier spacing.

Table 1. Latency for retransmission
	Overall Latency
[ms]
	Case 1
	Case 2

	
	
	15 kHz
	30kHz
	60kHz

	1st transmission
	0.568
	0.568
	0.533
	0.521

	2nd transmission
	0.994
	0.923
	0.888
	0.876
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