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Introduction
In RAN-P #80, a new study item for enhanced URLLC has been approved [1] and the following SID has been agreed regarding the scope of the work:
“
1) URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified, 
· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 
· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)


2) Enhanced multiplexing considering different latency and reliability requirements (RAN1): 
UL inter UE Tx prioritization/multiplexing 


3) Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot. (RAN1/RAN2)
”
In this contribution, enhancements are proposed for improving the uplink configured grant (grant-free) transmission operation. Specifically, aspects related to enhancing the reliability of this mode of operation are discussed. We also discuss potential SPS enhancement to better serve industrial IOT applications. 

Configured grant operation: potential open issues
Rel. 15 has defined Type I and Type II configured grant (grant-free) operation that aims to reduce the signaling overhead and latency to complement SR triggered dynamic-grant uplink operation. The grant-free mechanism defined allows the network to configure the UE with resources to use for uplink transmission whenever the UE has data to transmit (subject to receiving activation signal in case of Type II grant-free mode). For reliability, the network may also configure the UE to repeat each transmission K times, where K could take a value in {1, 2, 4, 8}. If a UE is configured with K repetitions for K > 1, then according to Rel. 15, the UE shall repeat the TB across the K consecutive slots applying the same symbol allocation in each slot.
Potential open issues with the configured-grant uplink operation are listed below:
· Persistent-collisions:  If the number of UEs in the system is very large (e.g., mMTC), and/or the number of resources required for each UE in the system is high in order to meet the reliability requirements (e.g., URLLC) then it may not be possible to allocate orthogonal resources to each UE within the available resource pool. 
In such cases, multiple UEs may be assigned the same periodicity, offset and symbol allocation within the slot. This could result in persistent collisions if such UEs become active at the same time. While Rel. 15 allows for frequency hopping to address this problem, the effectiveness of such a solution may also be limited if the number of RBs available is small, which makes it difficult for UEs with narrowband RF chain.

· [bookmark: _Hlk521398526]Mis-detection handling: As per the current mechanism defined in Rel. 15, the UE cannot distinguish between the following two scenarios:
1) a TB transmitted using the configured-grant uplink mechanism has been successfully received by gNB.
2) the gNB did not detect the presence of the transmission (DMRS blind detection failure). 
This is because in both cases the UE may not receive an explicit ack feedback. Thus, even if detection failed at the gNB, the UE currently moves on to the next TB after the expiration of the ConfiguredGrantTimer. This could significantly impact the reliability of the grant-free mechanism.

· Ensuring K repetitions: There are some cases where the repetition mechanism does not ensure that K repetitions would occur:
a. Some of the K consecutive slots may be downlink slots, or some symbols within the symbol allocation in the configured grant may later be determined as downlink symbols based on the slot configuration. In this case, the repetition is omitted on such slots. 
b. According to Rel. 15, the repetitions shall be terminated at the last transmission occasion among the K repetitions within the period P. 

In the subsequent sections, this contribution discusses some potential proposals for each of the topics.
Time hopping to mitigate persistent collisions in UL configured-granted transmissions
If more than one UE is assigned the same periodicity, offset and symbol allocation within the slot, and if these UEs becomes active at the same time, then they will collide persistently. Frequency hopping can address this situation to some extent provided there are sufficiently many RBs available to hop across relative to the RB allocation needed for each UE. However, especially if reliability is an important consideration (such as in URLLC), the number of RBs required for each transmission may itself be large. In such a scenario, an alternative option is to have hopping in the time domain. The same design is applicable to both PUSCH repetition with and without grant.
Example of time hopping design
[bookmark: _GoBack]Consider an example with 6 UEs in the system. Suppose that each UE requires all available RBs and thus frequency hopping is not an option. The number of repetitions is assumed to be 1 for simplicity.  Ensuring orthogonal allocation requires a configuration with a periodicity of 6 slots as shown below. The worst-case medium access delay experienced by a newly arrived packet is 6 slots. Figure 1 shows the timeline for such an allocation. The UEs are named A through F. UE B is highlighted in red as an example.
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[bookmark: _Ref521399946][bookmark: _Ref521399941]Figure 1: Orthogonal allocation with period = 6 for SPS without repetition.

To improve the delay guarantee, it may be useful to reduce the periodicity to 3 by overloading the slot allocation to allow two UEs to access the medium in the same slot. This allows for statistical multiplexing benefits if not all UEs will become active at the same time. Such an allocation is shown in Figure 2. The worst-case delay is now 3 slots, but there is a possibility of persistent collisions. For example, if UEs B and E are both active, then they will collide in every one of their transmission occasions.
[image: ]
[bookmark: _Ref521400147]Figure 2: Overloaded allocation with period 3, persistent collision possible, for SPS without repetition.

Figure 3 shows a time-hopping based allocation where the periodicity is still 3 but unlike Figure 2, the offset for each UE within the period is not fixed. Instead, it follows a hopping pattern which is designed in a UE-specific manner. 
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[bookmark: _Ref521400293]Figure 3: Time-hopping allocation to mitigate persistent collision problem for SPS without repetition.

For example, UE B (highlighted in red) uses the following sequence of offsets within each period (0, 1, 2, 2, 1). Note that these offsets are with reference to the start of each period of 3 slots. UEs C through F use offset sequences which are cyclic shifts of B’s sequence. UE A uses a fixed offset of 0 (i.e., 1st slot within every 3-slot period).
The main benefit of the time-hopping solution is that even if 2 UEs become active at the same time, the hopping pattern ensures that they will not collide more than once within one cycle of 15 slots shown in the figure. For example, if UEs B and E become active, they only collide in slot 13. However, one drawback is that the worst-case access delay guarantee for a newly arriving packet is now 4 slots. 
Despite the slightly longer delay, this may still be a good tradeoff between completely collision-free allocation with large delay and persistent collisions with small delay. 
 
Mini-slot repetition with time hopping
The time hopping design discussed above can also be applied to the case of repetitions with mini-slot level scheduling. For example, consider a configuration where each of 6 UEs has been configured with K = 4 repetitions over 2-symbol mini-slots. A repetition window of 3 mini-slots is assumed such that each UE can perform one repetition within each window. 
Figure 4 shows an example where each UE has been assigned a fixed mini-slot within each repetition window to perform the repetitions. This could lead to persistent collisions among certain pairs of UEs across all the repetitions. For example, if UE B and UE E are both active, then their transmissions will collide on all 4 repetitions.
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[bookmark: _Ref521569232]Figure 4: Mini-slot repetition pattern: persistent collisions possible

However, with the time hopping design shown in Figure 5, each UE can still perform one repetition in each repetition window, but it is configured to use a potentially different mini-slot within the repetition window for each of its 4 repetitions according to a hopping pattern. The hopping pattern repeats after a cycle of 5 repetition windows. For a given pair of UEs, their repetitions will collide only once within a cycle, since the pattern covers all UE-pairs within one cycle.
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[bookmark: _Ref521569206]Figure 5: Mini-slot repetition pattern with time-hopping

Based on this discussion, time-hopping can provide significant reliability improvement to grant-free uplink operation, especially when frequency-hopping opportunity is limited. Therefore, we propose the following:
Proposal 1: Consider time-hopping based resource allocation to improve the latency-reliability tradeoff for configured grant uplink operation.
Misdetection handling
As we discussed in Section 2, per the current mechanism defined in Rel. 15 the UE cannot distinguish between the following two scenarios:
· A TB transmitted using the configured-grant uplink mechanism has been successfully received by gNB.
· The gNB did not detect the presence of the transmission (DMRS detection failure). 

This is because in both cases the UE will not receive any signaling from the gNB. In such cases, the UE will move on to a new TB after the expiration of the ConfiguredGrantTimer. This may potentially impact the reliability of the grant-free mechanism. 
One solution to resolve the mis-detection issue is to let the gNB send explicit HARQ-ack feedback for each correctly decoded grant-free PUSCH transmission. This feedback will inform the UE the decoding result at the gNB, and hence resolving the DTX-vs-Ack ambiguity. However, this is by no means the only solution. In fact, another angle to look at this problem is to reduce the mis-detection probability at the gNB, such that the mis-detection probability is negligible compared with the required BLER target for a specific service. These two solutions are listed below. In this section, we express our views on them. 
Option 1: Design more reliable uplink transmissions to reduce the mis-detection probability at the gNB. 
Option 2: Use explicit (downlink) ack/nack feedback to help the UE distinguish between mis-detection and Ack. 
Uplink mis-detection improvement
For a grant-free uplink transmission, mis-detection at the gNB mainly happen due to two reasons:
Case 1: The UE is power limited (e.g., at cell edge), and the received power at the receiver does not pass the positive-detection threshold. 
Case 2: The same DMRS port is allocated to two UEs, which happen to have transmissions simultaneously. In other words, a collision happens between two UEs, and gNB is not able to detect the identities of the two UEs. 
Note that, while the two events listed above jointly contribute to the mis-detection at the gNB, they could be improved via separate mechanisms. 
The outer-loop of the gNB controller should try to prevent the first case from happening by either configuring a larger number of repetitions or by switching back to grant-based transmissions. Note that, if the gNB is not able to reliably detect the presence of the uplink transmission due to UE power limitation, it is impossible for the gNB to decode the packet reliably. For example, as a rough calculation, the power required to correctly decode a 32-byte packet is more than 20 dB higher than the power required for a correct detection (with the same reliability). In other words, a UE will hit the link budget for PUSCH transmission (i.e., decoding) well before it hits the link budget for PUSCH detection. In such cases, it may be more reasonable to deactivate the grant-free transmission altogether, and switch to grant-based transmissions.  
The second case listed above is more problematic. Indeed, for PUSCH with configured grant type 1, it is envisioned that the configured uplink resources may be shared with a group of UEs to increase network spectral efficiency. In such cases, gNB may distinguish the UEs via DMRS, provided that orthogonal DMRS ports are used among the group of users. However, if the number of UEs in the system is very large, it may be hard to completely orthogonalize DMRS ports, since the dimension of DMRSs in NR Rel-15 is no larger than 12 for a two-symbol DMRS and no larger than 6 for a one-symbol DMRS. If a DMRS port collision happens, the gNB will not be able to detect the user identity, leading to a mis-detection. Note that, the collision probability is independent of the received SNR. Hence, a mis-detection due to collision may happen even when the UE is not power limited. 
In order to reduce the collision probability for grant-free transmission, the time hopping solution provided in Section 3 may be used.  Another promising solution to combat the collision is to allow the UE to send both SR and grant-free data for the same TB. Since the dimension of SR (i.e., the number of orthogonal SR sequences) can be much larger than the dimension of DMRS ports, it is possible to orthogonalize the SR for a much larger amount of UEs on the same grant-free resource. 
Observation 1: Allowing SR associated with grant-free data transmission may be a promising scheme to resolve uplink collision, and hence reducing the mis-detection probability at the gNB.  Proposal 2: Study mechanisms to reduce collision probability for PUSCH with configured grant. 
Considerations on explicit HARQ-Ack for PUSCH with configured grant 
We now discuss Option 2 listed in the beginning of the section. The idea of Option 2 is to let the gNB sends an explicit HARQ-Ack signal to the UE, similar to the PHICH channel in LTE. As such, if UE does not detect the HARQ-Ack for a given PUSCH transmission, UE may retransmit the same TB in the physical layer. While this may be an effective way to handle the mis-detection issue for grant-free transmission, it comes with very heavy downlink overhead. In particular, the gNB needs to send an explicit HARQ-Ack to the UE for every correctly decoded grant-free PUSCH transmission. Worse still, the gNB may need to budget/preserve downlink resources to send the explicit HARQ-Ack for every grant-free uplink occasion, since the gNB doesn’t know a priori whether an uplink transmission will occur or not. 
Observation 2: An explicit HARQ-Ack for PUSCH with configured grant may require large downlink overhead.

Explicit Ack for SPS Activation/reconfiguration
In Rel. 15 NR, the UE is expected to transmit an ACK once the SPS release DCI is detected. However, the UE does not send an ACK once the activation or re-activation DCI is detected. For URLLC applications with a stringent timeline, e.g., I-IoT with latency requirement of 0.5ms~1ms, setting up the SPS link as quickly and reliably is important. 
Currently, the gNB can only rely on the absence of the HARQ-ACK transmission (especially for the first PDSCH) to infer whether the SPS activation/re-activation message is received by the UE. This scheme, however, is not reliable and introduces additional latency for SPS configuration. Furthermore, missing UL SPS re-configuration (type 2 ULGF) by a UE can lead to intra-cell UL interference, e.g. UE continues to transmit with the previous allocation where a new UE is currently allocated, which can substantially reduce the reliability. We therefore propose the following:
Proposal 3: For some URLLC use cases, the UE can be expected to transmit an ACK once the SPS activation/de-activation DCI is detected. 
Ensuring K repetitions
For grant-free uplink transmission in NR Rel-15, there are some cases where the repetition mechanism does not ensure that K repetitions would occur for a UE configured with K repetitions: 
a. Some symbols within the symbol allocation in the configured grant for the K transmission occasions may later be determined as downlink symbols based on the slot format indication. In this case, the repetition is omitted on such occasions. 
b. According to Rel. 15, the repetitions shall be terminated at the last transmission occasion among the K repetitions within the period P. 

The main concern in such cases is that, if K repetitions are not performed as configured, the reliability of the grant-free uplink transmission might be impacted. However, from reliability perspective, with the existing mechanism in Rel-15, gNB can send a retransmission grant for the same TB as soon as it detects the presence of uplink transmissions on the configured resource. In other words, the reliability of a grant-free uplink transmission may be ensured via grant-based retransmissions. 
Observation 3:  As supported in NR Rel-15, the reliability of grant-free uplink transmission may be ensured by grant-based retransmissions.
SPS enhancement for URLLC
For small data payload (e.g., 20~50 bytes), the PDCCH overhead can be significant (especially so since the downlink CRC alone has 24 bits). In addition, PDCCH errors results in additional packet errors. This motivates the need of PDCCH-free (control-less) downlink data transmission. Currently, the smallest SPS periodicity for NR-SPS is 10ms, which is much larger than the minimum periodicity of 1ms for subframe-based LTE, and certainly much larger than that of the sTTI. To make DL SPS for URLLC competitive to that of the LTE/sTTI, it is natural to allow the same or shorter SPS periodicities than the ones supported in LTE/sTTI. Given that small periodicities are already allowed for NR UL SPS, we therefore propose the following:
Proposal 4: NR DL-SPS should at least support the same SPS periodicities as for the UL SPS (configured grants) for URLLC.
In some URLLC use cases such as the factory automation (industrial IoT), the traffic profile has the following characteristics [2]: 
· Periodic traffic and deterministic inter-arrival time 
· Equal but small inter-arrival time for both DL and UL
· Small and maybe even known packet size

Also, number of I-IoT users can be large per service area, which can result in large number of users per gNB given that service area can be as small as 10m x 5m according to SA1 TR22.804. Given the large number of users per gNB as well as the reliability and latency requirements, using regular DCI for scheduling DL and UL packets for each user and each packet requires large number of PDCCH resources, and might not be efficient and/or feasible. 
Therefore, DL and UL SPS can be used to reduce the reliance on PDCCH, especially given the traffic profile characteristics listed above. With sudden RF changes (which can happen in a factory environment), the SPS configurations may need to be updated quickly and potentially for a large number of users (e.g., due to blockage). to maintain the reliability and latency requirements. 
The worst-case number of users requiring SPS/CS updates can be significantly larger than the average value. Thus, DCI enhancements even for SPS/CS (re)activation becomes important. Therefore, enhancements such as compressing the DCI carrying SPS activation/reactivation based on leveraging unique characteristics of factory automation traffic and/or sending SPS reactivation to a group of users simultaneously for efficient SPS operation can be considered.
Observation 4: For I-IoT use cases with large number of users per gNB, DCI enhancements even for SPS/CS (re)activation can become important.
Proposal 5: Consider enhancements such as compressing the DCI carrying SPS activation/reactivation based on leveraging unique characteristics of factory automation traffic.
Proposal 6: Consider sending SPS reactivations to a group of users for efficient SPS operation. 
The URLLC, in general, is applicable to a wide range of use cases; for some use cases, the favorable deployment scenario is in FDD spectrum, and for some others, such as industrial IoT, the likely deployment is in TDD spectrum. In TDD spectrum, due to the channel reciprocity, the downlink channel can be learned via sending SRS in the uplink direction. In particular, DL RSs overhead for the purpose of channel estimation can be reduced. By using SRS for channel estimation, the downlink capacity can be increased. 
For I-IoT applications with periodic and deterministic packet arrivals, the SP-SRS is a very suitable scheme for the channel estimation. Quick SP-SRS configuration / triggering is very important for this use case given the reliability and latency requirements, especially after a SPS reconfiguration when allocated RBs for DL have changed and channel state information for newly assigned DL RBs might not be available at the gNB.
Proposal 7: For some URLLC use cases, allow for semi-persistent SRS configuration to be indicated via a DL DCI.

Conclusion
Proposal 1: Consider time-hopping based resource allocation to improve the latency-reliability tradeoff for configured grant uplink operation.
Observation 1: Allowing SR associated with grant-free data transmission may be a promising scheme to reduce uplink collision, and hence reducing the mis-detection at the gNB. 
Proposal 2: Study mechanisms to reduce collision probability for PUSCH with configured grant. 
Observation 2: An explicit Ack for PUSCH with configured grant may require large downlink overhead.  
Proposal 3: For some URLLC use cases, the UE can be expected to transmit an ACK once the SPS activation/de-activation DCI is detected. 
Observation 3:  As supported in NR Rel-15, the reliability of grant-free uplink transmission may be ensured by grant-based retransmissions.
Proposal 4: NR DL-SPS should at least support the same SPS periodicities as for the UL SPS (configured grants) for URLLC.
Observation 4: For I-IoT use cases with large number of users per gNB, DCI enhancements even for SPS/CS (re)activation can become important.
Proposal 5: Consider enhancements such as compressing the DCI carrying SPS activation/reactivation based on leveraging unique characteristics of factory automation traffic.
Proposal 6: Consider sending SPS reactivations to a group of users for efficient SPS operation. 
Proposal 7: For some URLLC use cases, allow for semi-persistent SRS configuration to be indicated via a DL DCI.
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