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Introduction
It is agreed in RAN1#86 that [1]
· At least the following potential options should be considered
· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB
· FDM and/or TDM manner
· UL grant-free transmission for URLLC
· Other schemes are not precluded
· Dynamic resource sharing between URLLC and eMBB
· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective
· FFS: A similar or same mechanism applicability to UL
· Preemption or superposition
· Other schemes are not precluded 
· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission
· UL grant-free transmission for URLLC
· Other mechanisms are not precluded.
Furthermore, the following agreements were reached for UL grant-free transmission [1]:
· Continue study at least the following: 
· Retransmission/repetition and potential combining, e.g. HARQ
Based on these agreements, this paper focuses on UL grant-free transmission of URLLC. In particular, discussions on suitability of grant-free over grant-based transmission in UL, URLLC transmission scheme in UL, including UE mapping for non-orthogonal multiple access transmission and re-transmission mechanism, and semi-static URLLC/eMBB coexistence design. 
[bookmark: _Ref129681832]Discussion on grant-free vs. grant-based transmission for UL URLLC
To accommodate sporadic URLLC UL traffic, two options can be considered; grant-based and grant-free transmission. Compared to grant-free transmission, grant-based transmission includes additional delay due to grant request, eNodeB decoding delay of the request, and UE decoding delay of the grant. Furthermore, in TDD, depending on the type of slot being active when UL packet arrives, scheduled transmission may not have room for adequate processing time at the eNodeB to meet 0.5ms one way latency. 
[bookmark: _GoBack]In Figure 1, we show an example of TDD where network configures UL-dominated sub-frame of 0.25ms (Case a) and 0.125ms (Case b) duration to support UL URLLC traffic, based on 60 kHz SCS. Network provisioning of resources and frame structure can be based on the QoS requirement and number of URLLC UEs.  As can be seen from Table 1 that for meeting one way latency of 0.5ms, scheduled transmission may not be possible for 0.25ms sub-frame duration, whereas grant-free can be supported in both cases, if 0.15ms suffices for eNodeB decoding (assuming 10x reduction compared to LTE). Even though receiving grant and UL transmission in same sub-frame is envisioned for NR, it needs further study whether one 60 kHz symbol (~18us) is enough for decoding the grant, encoding the data based on the grant, and necessary timing advance procedure at the UE. More than one 60 kHz SCS symbol may be needed as guard to provide adequate time for UE to transmit in the same sub-frame. However, for scheduled transmission and 7 symbols slot with 60 kHz SCS, if two symbols (cf. Figure 2(a)) or more are used as guard, the switching overhead becomes quite high. For grant-free, this problem is avoided and both 0.125ms and 0.25ms duration can be used. The one way latency analysis for FDD is provided in Table 2. It can be observed that the 0.5ms latency can only be met with grant-free transmission using 0.125ms sub-frame duration.
In general, grant-free transmission can fit more re-transmissions within 1ms latency bound compared to scheduled transmission in UL in order to meet the 1-10-5 reliability target. Another aspect is that for scheduled UL transmission, the additional steps such as SR request, receiving the grant etc. have to be reliable as well. Hence, for scheduled UL transmission, end-to-end reliability includes those additional constraints. 
[bookmark: OLE_LINK1]         [image: ]           
Figure 1: Scheduled UL transmission, assuming 60 kHz, with self-contained duration of a) 0.25ms,   b) 0.125ms.
Table 1: One way latency comparison of grant-based and grant-free transmission for UL-dominated SF (TDD) 
	Description
	Value for Grant-based (μs)
	Value for Grant-free (μs)

	
	Case a
	Case b
	Case a
	Case b

	Avg delay to next SR opportunity (grant-based) /
Avg delay to next UL opportunity (grant-free)
	125
	62.5
	 125
	 62.5

	UE sends SR
	17.84
	17.84
	x
	x

	eNodeB decodes SR and generate grant
	250
	125
	x
	x

	eNodeB sends grant
	17.97
	17.97
	x
	x

	UE processing delay (decoding grant + encoding packet)
	267.84 
	142.84 
	x
	x

	UL transmission
	196.37
	71.36
	196.37
	71.36

	eNobeB decoding delay
	150
	150
	150
	150

	Total
	1025.02 
	587.51
	471.37
	283.86





Table 2: One way latency comparison of grant-based and grant-free transmission (FDD)
	Description
	Value for Grant-based (μs)
	Value for Grant-free (μs)

	
	Case  a 
	Case  b
	Case   a
	Case   b

	Avg delay to next SR opportunity (grant-based) /
Avg delay to next UL opportunity (grant-free)
	125
	62.5
	 125
	 62.5

	UE sends SR
	17.84
	17.84
	x
	x

	eNodeB decodes SR and generate grant
	250
	125
	x
	x

	eNodeB sends grant + UE processing delay (decoding grant + encoding packet)
	250
	125
	x
	x

	UL transmission
	250
	125
	250
	125

	eNobeB decoding delay
	150
	150
	150
	150

	Total
	1042.84
	605.34
	525
	337.5
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Figure 2:  Self-contained duration based on 60 kHz SCS; (a) 7 symbols slot with two symbols as guard, (b) 14 symbols, where two 7-symbols slots are concatenated, with two UL transmission opportunities. 
It may also be possible that URLLC traffic coexists with other scheduled transmission (e.g., eMBB) in UL. If the URLLC grant-free traffic adopts A/N-less re-transmission, then quick DL/UL switching may not be required and overhead due to frequent scheduling of eMBB is avoided. For example, an UL-dominated sub-frame can be used where multiple slots can be concatenated (Figure 2(b)[footnoteRef:1]). If URLLC UE is scheduled, shorter scheduling interval is needed which would increase switching gap overhead for eMBB services and reduce peak throughput. General overhead comparison of grant-free vs. grant-based transmission for short packet transmission is provided in [3].  [1:  Scheduled transmission for Figure 2(b) will still not meet 0.5ms latency (i.e., if UL grant can be used to transmit in the second slot of same sub-frame).] 

Observation 1: Grant-free can potentially lower u-plane latency compared to grant-based for UL transmission.  
Observation 2: Grant-free can support more re-transmissions within the latency budget of 1ms, compared to grant-based for UL transmission.  
Proposal 1: NR should support grant-free transmission mechanisms for UL URLLC.
Transmission procedure and resource assignment
For grant-free (GF) transmission, the radio resource for transmission needs to be pre-configured and known to both UE and eNodeB. The pre-defined resources can be a combination of any of the following, including time, frequency, and code domain elements such as pilots, and spreading codebooks or sequences, etc.  The available URLLC band can be segmented into different regions. Depending on number of regions per slot and number of UEs, UE group mapping to region is obtained. The resource elements in the region need not be contiguous; can be rather distributed to exploit diversity. The area of the regions may change from one slot to the next. Different UEs may adopt contention-based non-orthogonal multiple access when they transmit in the mapped resources. The sporadic traffic of URLLC UEs mapped to a common region may observe collision. Use of non-orthogonal multiple access for grant-free transmission can greatly improve capacity and reliability of grant-free system by supporting overloading and resolving collisions. In [4], it was shown that non-orthogonal multiple access, e.g., SCMA can successfully resolve signature collision and BLER performance with high overloading replicates single layer performance in the 1-10-5 regime (i.e., effect of signature collision is well tolerated if advanced receiver architecture, e.g., MPA receiver is adopted).  More details on the general overview of grant-free transmission can be found in [5]. 
On the other hand, URLLC UEs may adopt A/N-based re-transmission or can be pre-configured with a certain number of (A/N-less) re-transmissions. As mentioned in [6], different URLLC use cases may not have same latency constraint. Hence, UEs with more stringent latency target may adopt A/N-less re-transmissions; otherwise A/N-based re-transmission can be used to improve resource utilization. Mapping of URLLC UEs to a region may change from one interval to the next, in order to avoid sustained collision. Figure 3 shows an example where group of UEs are mapped to a region of time-frequency resources, which may change from new to re-transmissions. Furthermore, UEs may adopt fixed MCS or a specific set of MCS for the transmission. In particular, a UE may choose to lower the MCS during re-transmission for robustness. Moreover, it may also be possible that multiple slots are combined and URLLC packet is transmitted with lower code rate and with/without frequency hopping. For overview of other reliability measures, refer to [6]. For general discussion on HARQ mechanism for UL grant-free communication, refer to [7]. 
                     [image: ]
     Figure. 3 URLLC UEs re-grouping for re-transmission to avoid collision.
Observation 3: For grant-free transmission, sustained collision among a group of UEs during new and re-transmission needs to be minimized to meet the reliability target.
Proposal 2:  NR should support non-orthogonal multiple access for UL URLLC.
Proposal 3: NR should support different re-transmission mechanisms for UL URLLC to improve reliability.
Discussion on transmission slot
	Minimum scheduling or transmission unit for URLLC transmission is defined as one URLLC slot. To satisfy user plane latency of 0.5ms each way, each URLLC transmission slot should be short, e.g., 60 kHz based 0.125ms slot duration with 7 symbols can be adopted, as shown in the Figure 4 (top) below for FDD transmission. For TDD and A/N-based transmission, quick A/N feedback opportunity is required to satisfy short RTT. For example, URLLC UEs may have A/N feedback every 0.25ms as shown in Figure 4 (bottom). If A/N-less re-transmission is supported, UL only slot can also be used where URLLC UE may adopt re-transmissions in consecutive slots. In some cases, UE may adopt mix of A/N-based and A/N-less re-transmission. For example, a URLLC UE may support two re-transmissions, where first re-transmission can be A/N-less and the second re-transmission can be A/N-based.
In general, for a unified and simple design, short slot duration based on scalable numerology is desirable. Multiple slots can be aggregated, depending on scenario and/or latency restriction. According to the agreement in RAN1 # 86, sub-frame duration in ms for a reference numerology with subcarrier spacing (2m *15) kHz is exactly 1/2m ms and a slot containing y OFDM symbols in the numerology used for transmission, where an integer number of slots fit within one sub-frame duration (at least for subcarrier spacing that is larger than or equal to reference numerology) [1]. Hence, for 60 kHz SCS, a URLLC slot can be of 7 symbols and 0.125ms duration which can be used to satisfy user plane latency of 0.5ms. As can be seen from the discussion in Section 2, URLLC slot containing 7 symbols with 60 kHz SCS can easily meet 0.5ms latency with grant-free transmission, and slot definition containing less than 7 symbols may not be needed.
[image: ]                         
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Figure 4: URLLC transmission in FDD (top) and TDD (bottom, cf. Figure 1 for legend) system, where eMBB and URLLC are assigned resources in FDM manner. For FDD (TDD) case, 0.5ms (0.25ms) scheduling interval is assumed for eMBB. 

Proposal 4: Slot duration of y symbols where y = 7 for 60 kHz SCS should be supported to meet the URLLC U-plane latency requirement of 0.5ms.
Coexistence of eMBB/URLLC
URLLC packets can be sporadic in nature and dedicated sub-band assignment for URLLC can render the system very inefficient. Some eMBB traffic can be scheduled in the URLLC band, depending on URLLC load statistics. UL coexistence may not be dynamically controlled or punctured, cf. [6]. Pre-configured coexistence can be adopted, where eMBB assignment assumes controlled collision between eMBB and URLLC traffic by exploiting the known URLLC UE mapping, cf. Figure 5.
   [image: ]     
Figure 5: Selective eMBB traffic assignment in URLLC regions; (left) self-contained UL duration, (right) UL only duration. 
It may also be possible that at each URLLC slot, new and re-transmission regions are identified. This facilitates controlled eMBB/URLLC coexistence (i.e., with partial collision), e.g., a) new transmission zone may observe coexistence but not the re-transmissions, or b) new and first re-transmission zones may potentially overlap with eMBB transmission but not second re-transmission. In Figure 6, an example is shown where eMBB is not assigned in the 2nd re-transmission region at all, where only new and first re-transmission regions may observe coexistence. Depending on the URLLC load and traffic requirements, area of new and re-transmission zones can be configured semi-statically.
On the other hand, it is possible that not all URLLC UEs are configured with same number of A/N-less re-transmissions or UEs may not need re-transmissions if it receives an Ack. Hence, some re-transmission regions can be under-utilized. To this end, it is beneficial to consider transmission mechanism on how to improve resource utilization for UL coexistence with semi-static resource partitioning.
Proposal 5: NR should study semi-static resource sharing for controlled eMBB/URLLC coexistence in UL.
             [image: ]
Figure 6: Semi-static and selective eMBB traffic assignment in URLLC regions
 Conclusion
In this contribution, we provide our views on the UL URLLC transmission design. We have the following observations and proposals.
Observation 1: Grant-free can potentially lower u-plane latency compared to grant-based for UL transmission.  
Observation 2: Grant-free can support more re-transmissions within the latency target of 1ms, compared to grant-based for UL transmission.  
Observation 3: For grant-free transmission, sustained collision among a group of UEs during new and re-transmission needs to be minimized to meet the reliability target.
Proposal 1: NR should support grant-free transmission mechanisms for UL URLLC.
Proposal 2:  NR should support non-orthogonal multiple access for UL URLLC.
Proposal 3: NR should support different re-transmission mechanisms for UL URLLC to improve reliability.
Proposal 4: Slot duration of y symbols where y = 7 for 60 kHz SCS should be supported to meet the URLLC latency requirement of 0.5ms.
Proposal 5: NR should study semi-static resource sharing for controlled eMBB/URLLC coexistence in UL.
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