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1. Introduction
In RAN1#87 and #86b meetings, following agreements were made [1][2]:
	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
Agreements:
Consider further the tradeoffs 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


In this contribution, we provide our views on URLLC UL transmission.
2. Discussion
 This contribution is organized as follows. In section 2.1, we discuss the pros and cons of SR-triggered UL transmission and propose solutions to overcome disadvantages. In section 2.2, we presents several schemes for semi-static and dynamic grant-free UL transmissions.
2.1.  SR-triggered UL transmission
SR-triggered UL transmission (UL transmission based on scheduling request) has been widely used for dynamic uplink scheduling. For URLLC aperiodic traffic, SR-triggered UL transmission has pros and cons compared with grant-free UL transmission as follows:
· (Resource efficiency) Without resource sharing among UEs, SR-triggered UL transmission has higher resource efficiency than grant-free UL transmission because SR-triggered UL transmission requires reserved resource for scheduling request (typically one or a few bits) but grant-free UL transmission requires reserved resource for data transmission (typically tens or hundreds of bits). To support similar number of UEs, unless resource sharing at the expense of collision is utilized, much larger resource reservation for grant-free UL transmission is expected compared to SR-based transmission. Furthermore, to support HARQ operation or indicating UE-ID for detection, additional resource for grant-free resource would be necessary. Resource efficiency of grant-free transmission could be higher than that of SR-triggered UL transmission only when the number of resource shared UEs is higher than . Here,  denotes the number of REs required for data transmission and  denotes the number of REs required for SR transmission. In such cases, the collision probability would increases and necessary mechanisms to address contention could add additional overhead.
· (Latency and reliability) The latency required for the first transmission of SR-triggered UL transmission is longer than that of grant-free UL transmission under the assumption that the resource allocation periodicities of two schemes are the same. Also, the number of transmissions within the target latency of SR-triggered UL transmission may be smaller than that of grant-free UL transmission but it does not guarantee higher reliability of grant-free UL transmission. With grant-free transmission, to achieve reliability, it is generally necessary to support grant-based retransmission with HARQ combining. Thus, in general the benefits of grant-free transmission is to reduce the latency on “SR transmission” and “gNB SR decoding and scheduling” which can be generally small if frequent SR is configured, and URLLC data can be scheduled immediately after SR reception. However, to meet user plane latency of 0.5msec without tight requirement (i.e., ultra low latency applications), grant-free resource would be beneficial. 
· (Multiplexing of eMBB and URLLC) In grant-free UL transmission, UEs decide whether to transmit or not at pre-defined resources. Thus, it is difficult for gNB to control URLLC UL transmission to reduce the impact on eMBB transmission compared with SR-triggered UL transmission. In other words, mitigation for the impact on eMBB UL/DL by URLLC UL preemption becomes more challenging with grant-free UL resources. 
Note that, although the latency of SR-triggered UL transmission is larger than grant-free UL transmission, retransmission of SR-triggered UL transmission is possible within 1ms by allocating SR resource in the middle of a mini-slot or using fast uplink transmission. Detailed analysis is given in Appendix.
Proposal 1: SR-triggered UL transmission (or equivalent functionality) should be supported for URLLC.

Since latency is an issue of SR-triggered UL transmission, it is necessary to employ schemes for reducing procedure before uplink transmission. Schemes transmitting BSR with SR simultaneously (multi-level SR) are well known but increase the amount of resource required for SR. In addition to that, URLLC services require allocating SR resources in a short period to achieve the target latency so that the amount of resource needed for SR could be much larger than other scenarios such as eMBB services. Thus, it is necessary to employ resource efficient SR allocation schemes to reduce SR overhead. We introduce several schemes to allocate SR resource efficiently 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. From the observation, it can be seen that it could be beneficial to have commonality between the control channel formats of multi-level SR and others such as CQI and ACK/NACK to share resource efficiently.
· (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 as 1 for URLLC services having the target latency of larger than 2ms since the target latency is long enough to transmit BSR separately. Also, 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.
· (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 decrease the average latency of UL transmission but does not decrease the maximum latency of UL transmission because it does not decrease the minimum time difference 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 but has worse resource efficiency than the conventional single-level SR. Resource-shared SR decrease the reliability of SR.
Proposal 2: Further investigation on efficient SR resource allocation is necessary for URLLC.

2.2. Grant-free UL transmission
URLLC uplink traffic can be triggered periodically or aperiodically depending on use cases. For periodic uplink traffic, SPS would be beneficial considering control overhead, scheduling latency, and the decoding failure of control signals. Semi-static configuration of uplink resource can be used not only in URLLC carrier but also in eMBB-URLLC shared carrier by puncturing eMBB resource as discussed in [3]. Also, it would be beneficial for UEs not to share resources because resource sharing cannot increase the maximum number of transmissions within the target latency but decreases the reliability of each transmission.
Proposal 3: For periodic URLLC traffic, consider SPS (or equivalent functionality) without resource sharing.

For aperiodic URLLC traffic, it is resource inefficient to reserve URLLC UL resource semi-statically. Thus, following solutions can be considered.
· (Activation/deactivation) Activation and deactivation of SPS resource by gNBs can be used to improve resource efficiency as in LTE.
· (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 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.
· (Resource sharing) gNBs semi-statistically or dynamically allocate contention-based resource. The resource allocation frequency of this scheme can be higher than schemes without resource sharing. It means that this scheme could increase reliability by increasing the maximum number of transmissions in spite of contention.
Resource sharing induces the change of collision probability according to the time interval between contention-based UL resources (i.e. grant-free UL resource with resource sharing). The time interval between contention-based UL resources can be changed although SPS is applied, because of reserved resource, DL transmission in TDD frame structure, etc. Detailed description is given as follows.
· (Collision probability) Collision probability  is proportional to the number of UEs who have packets to be transmitted. Here, the number of UEs having packets is proportional to packet arrival rate and the time interval between contention-based UL resources. Thus, 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: The collision probability at each transmission increases as the time interval between contention-based UL resources increases.
Proposal 4: Dynamic resource adaptation for load balancing and congestion control is necessary for grant-free UL transmission with resource sharing.

From the above observation, it can be seen that it is necessary to employ schemes to maintain collision probability. Following options can be considered.
· [bookmark: _GoBack](Dynamic UL grant) gNBs transmit UL grant to dynamically control the amount of contention-based UL resource. The UL grant is a common grant for UEs who share the contention-based UL resource. If UEs fail to decode the UL grant, they can transmit signals in a pre-defined resource allocated semi-statically.
· (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.

Proposal 5: Further investigation on dynamic resource allocation for grant-free UL transmission with resource sharing.

3. Conclusion
In this contribution, we studied URLLC UL transmission. Our proposals are as follows:
Proposal 1: SR-triggered UL transmission (or equivalent functionality) should be supported for URLLC.
Proposal 2: Further investigation on efficient SR resource allocation is necessary for URLLC.
Proposal 3: For periodic URLLC traffic, consider SPS (or equivalent functionality) without resource sharing.
Observation 1: The collision probability at each transmission increases as the time interval between contention-based UL resources increases.
Proposal 4: Dynamic resource adaptation for load balancing and congestion control is necessary for grant-free UL transmission with resource sharing.
Proposal 5: Further investigation on dynamic resource allocation for grant-free UL transmission with resource sharing.

4. Reference
RAN1 chairman’s notes, RAN1#87, Reno, USA, 14th – 18th November, 2016
RAN1 chairman’s notes, RAN1#86b, Lisbon, Portugal 10th - 14th October 2016 
LG Electronics, “On multiplexing between eMBB and URLLC,” Reno, USA, 14th – 18th, R1-1611849,  November, 2016.
LG Electronics, “Discussion on frame structure for Mini-slot,” Spokane, USA, 16th – 20th, R1-1700516, January, 2016.


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 2. 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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