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Introduction
In RAN1 88 Meeting [1], the following was agreed for low latency traffic:
· 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

· 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 our previous contributions [2,3] we discussed various options for scheduling and HARQ schemes for both DL and UL low latency traffic and provided an analytical comparison of these schemes on the basis of such KPIs as reliability, latency, and spectral efficiency. In this contribution we discuss further details of HARQ and scheduling related aspects of UL low latency transmission. 
Uplink Scheduling, HARQ, and UE identification 
For uplink grant-free transmissions, at least semi-static resource (re-)configuration of the following resources is supported: time and frequency resources, number of repetitions K, MCS and RV. For grant-free low latency transmissions in NR, the probability of successful reception depends on factors such as system load, number of UEs that are sharing the resources, and whether these resources are dedicated to low latency UEs only (in this case also whether or not these resources are shared between grant-based and grant-free transmissions), or shared with other use cases (for e.g., eMBB UEs). Given these factors, the flexibility of semi-statically reconfiguring various resource parameters may be critical in ensuring that grant-free UL transmissions can meet low latency and reliability requirements. For example, the system may experience an increase in traffic, which in turn may result in increased interference at the gNB due to a large number of overlapping transmissions in some subset of resources. Based on these observations the gNB should semi-statically reconfigure the time and frequency resources, MCS, and even the number of repetitions (K). For example, for a mini-slot based transmission scheme, the gNB may decide to reconfigure a group of low latency UEs to transmit in every other mini-slot (as opposed to consecutive mini-slots), and also assign this group of UEs a different set of frequency resources and/or MCS values.  
Given that a number of UEs can be sharing the same set of resources, UEs may also be semi-statically configured to transmit different DM-RS patterns when transmitted on resources that are used by multiple UEs, in order to avoid collisions and facilitate UE separation/identification. These patterns can be chosen from a set of DM-RS patterns and can be determined on the basis of any of the following; (i) T-F resource locations, (ii) OCC index, (iii) transmission power, etc.           
Adaptive HARQ 
Semi-static reconfiguration of resource parameters as described above allows the system to adapt to slow changes in traffic conditions. It may, however, be beneficial to consider mechanisms that allows for changing the transmission parameters dynamically. For the case of grant-free initial transmission, repetitions/retransmissions can be grant-free or grant-based. Grant-free repetitions/retransmissions may use the same transmission resources (parameters) utilized by the original (initial) grant-free transmission. In effect, if the initial transmission and subsequent repetitions/retransmissions are also grant-free, all (K) repetitions of the TB will use the same resource parameters. 
Alternatively, it is possible that the initial transmission is grant-free, but subsequent repetitions/retransmissions are grant-based. One such situation where this may occur is if the assigned transmission parameters (time-frequency resources/ MCS etc.) are insufficient to allow for delivery of the low latency packet. In this case additional (TB) transmissions are required. Given that at least one additional TB transmission is required, it is beneficial to ensure that this transmission doesn’t incur any additional delays. In such a situation switching to grant-based transmission can help reduce latency. The switch to grant-based transmission may be facilitated by way of the UE providing a BSR (buffer status report) or some other form of indication of UE buffer status along with the initial TB transmission. Another situation where switching to grant-based transmissions may prove beneficial is when there are a large number of UEs utilizing grant-free transmissions. In such a scenario, possibility of collisions may be high and system reliability may be improved by converting some of these transmissions to grant-based. In this scenario, the switch to grant-based transmissions can be facilitated by transmitting both a NACK and an UL grant which provides dedicated resources for the retransmission. As seen above, switching from grant-free to grant-based retransmissions provides additional flexibility in that it allows for changing the transmission parameters between retransmissions, thereby emphasizing the need for adaptive HARQ in the UL.    
Proposal 1: NR should support adaptive HARQ for UL low latency traffic

Asynchronous HARQ
For grant-based transmission/retransmission, which includes cases where initial transmission of the TB is grant-based or initial transmission(s) were grant-free but then switched to grant-based, the NR-PDCCH could indicate whether this grant applies to a new TB or for a retransmission of an existing TB. In the case of the former the initial transmission itself is grant-based, whereas for the latter case the initial transmission/repetitions were grant-free, but the next (and possibly all remaining transmissions) will now be switched to grant-based. In either case, information whether the grant pertains to a new TB or existing TB can be conveyed via a new data indicator (NDI) type field in the NR-PDCCH DCI format (similar to the same field in LTE). As an example consider the situation where a UE is in the process of transmitting (K) grant-free transmissions (repetitions). The UE completes a burst of ‘m’ transmissions (where m < K) for this TB, none of which are successfully decoded by the gNB. The gNB at this point may decide to switch to grant-based (re)transmission, and would send an UL scheduling grant, which the UE receives as it monitors the NR-PDCCH while in grant-free transmission mode. In this case the DCI used would not toggle the NDI field, which in turn tells the UE that it should resend the same TB and not a new TB. Additionally, since the UE  may have multiple HARQ processes, the gNB may also need to identify the HARQ process number this grant applies to, which may be done by signalling the HARQ process number as part of the UL scheduling grant. Including the HARQ process number as part of the scheduling grant lends itself to an asynchronous HARQ design.   
Proposal 2: NR should support asynchronous HARQ for UL low latency traffic
Summary
In this contribution we discussed details of HARQ and scheduling related aspects of UL low latency transmission. Based on our discussion we propose the following:
Proposal 1: NR should support adaptive HARQ for UL low latency traffic
Proposal 2: NR should support asynchronous HARQ for UL low latency traffic
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