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1 Introduction

In the previous RAN1 WG meetings, grant-free UL transmission schemes in application to URLLC were discussed. At the last RAN1 NR AdHoc #2, major progress was made to identify different types of Grant-free uplink operation. In this contribution, we continue discussion on uplink grant-free transmission aspects taking into account the agreements made by RAN1 WG.
2 On Grant-Free Types

At the last meeting, the three different types of grant-free UL transmissions were discussed. The Type 3 was listed however its support is FFS. The Type 3 is characterized by the possibility to modify RRC configured parameters by L1 signaling. In our view, the Type 3 is one of the natural combinations of basic Type 1 and Type 2 grant-free transmissions schemes which provide both benefits of minimal latency to start transmission right after RRC configuration is received and the benefits of fast reconfiguration of parameters. Moreover, there is no technical issue to support Type 3 by reusing the components and signaling defined for Types 1 and 2.
Moreover, another type of grant-free operation can be identified which includes L1 deactivation/release signaling without other L1 signaling. Such type can used in the same scenarios targeted by Type 1 with the possibility of fast release of configured resources.
Analyzing the different possible types and signaling, it can be concluded that a better way is not to stick to the two agreed types of configuration rather to define signaling components and procedures which could be enabled and disabled in order to configure a particular type suitable in a given scenario. For example, the presence and monitoring of L1 activation/modification and release can be configurable in any combination.

Observation 1

· RAN1 should define L1 and RRC parameters/signaling to support Type 1 and Type 2 not precluding any reasonable combination.
3 Configuration of Multiple Resources
Last time, agreements were made regarding the configuration of periodically occurring resources for two identified grant-free transmissions types. Support of one resource per periodic occasion was agreed and the support of multiple resources is for further study. The basic timeline of the configuration is shown in Figure 1.
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Figure 1. Configuration of single resource.

Note, that according to current agreements, the resources for repetitions are not configured separately and therefore the repetitions should follow the periodic configuration. In that case, many useful scenarios are not supported, for example, configuration of periodic bundled transmissions e.g. for VoIP or V2X. In order to fix this, support of multiple resources should be agreed.

Multiple resources can be supported by the following alternative principles:

· Alt. 1: Multiple configurations with single resource (bottom part of Figure 2). In that case, the desired resource configuration can be achieved. However, it is more suitable for different TB and/or services which may require separate settings of MCS, power control, DM-RS, etc.
· Alt. 2: Single configuration with multiple resources (top part of Figure 2). In that case, all the settings for configured multiple resources can be the same including MCS, power control, etc. The repetitions can be mapped within the same configuration.
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Figure 2. Configuration of multiple resources.
In our view, the alternative 2, i.e. support of multiple resources within single configuration is a clearer and more flexible mechanism especially assuming there may be more than one resource configuration. Such approach can flexibly support both low latency services and periodic traffic patterns like VoIP.
A further detail to configuration of multiple resources is whether they consecutively occurring or with a specific time pattern within the configured period. The consecutively occurring repetitions provide the least latency to process the whole bundle, however there is almost no room for early termination of excessive repetitions due to A/N feedback delay. In case the repetitions are configured with gaps in between, the early termination approach can be used without introducing redundant transmissions after the feedback generation and processing. Moreover, the time patterns can be introduced with configuration of arbitrary or quasi-arbitrary resource occasions similar to what was done for Rel.12 D2D that may be beneficial to randomize collisions and interference both in intra-cell and inter-cell.
Proposal 1
· Configuration of multiple resources within single resource configuration is supported

· Support at least the case when number of resources is equal to the number of repetitions K

· Support non-consecutive transmission time patterns within one period
When the multiple repetitions are configured by K, then it needs to be decided whether different retransmissions can have different redundancy versions. In general, incremental redundancy with different versions operates better than Chase combining of identical transmissions. However, there are several challenges to apply different RVs for grant-free transmissions. First of all, there may be potential need for RV detection at gNB side. This may happen if gNB does not associate transmission resources and RVs. In case the first transmission is not detected by gNB, it then needs to be able to check different RVs on all other repetitions until decoding passes if there is no RV indication mechanism. Additionally, different RVs have different BLER performance due to different distribution of parity and systematic bits. In case of a missed RV, the one-shot performance may be worse comparing to the same RV case.

Considering that URLLC is one of the main use cases for grant-free operation, it is important to optimize potential achievable reliability of such transmissions. In that sense, usage of different RVs may be an important component for grant-free operation. In order to avoid the blind detection of redundancy versions, a UE-specific rule for RV selection known to gNB may be applied. For example, the rule of RV calculation based on UE identity and mini-slot/slot index may be defined.

Proposal 2
· NR should support different redundancy versions for grant-free repetitions.

· RV cycling is defined with respect to the first transmission in the set of K automatic repetitions.
4 Reference Signals
The configuration of DM-RS is an important part that should be carefully considered since the DM-RS are going to be used for reliable UE identification which may be challenging due to possibility of sharing resources by multiple UEs as well as “skipping” of transmission opportunities by UEs with no data to transmit.
NR supports both DFT-s-OFDM and CP-OFDM waveforms. The grant-free transmission should also be designed to support both waveforms. According to current discussions in MIMO, different DM-RS sequences may be used in order to optimize performance and overhead.
ZC sequence-based DM-RS and DFT-s-OFDM based waveform can be considered as a starting point. PN sequence-based DM-RS for CP-OFDM waveform can be further investigated with considerations on DM-RS detection and channel estimation performance in case when multiple UEs may share the same physical resource for grant-free transmission. Furthermore, additional DM-RS symbol can be configured to improve UE identification, channel estimation and time/frequency tracking performance.
· For ZC sequence-based DM-RS, assuming resource specific DM-RS sequences, different cyclic shifts may be assigned to UEs with overlapped / partially overlapped transmission patterns. These cyclic shifts need to be configurable via upper layers as well as be reconfigurable. However, such approach is efficient only for aligned resource allocation sizes while for non-aligned / partially overlapped resource allocations, the orthogonality may be broken by different sequences.
· For PN sequence-based DM-RS, the gNB may still control orthogonality of DM-RS by configuring specific sequence indexes to UEs with overlapped / partially overlapped transmission patterns.
Proposal 3
· For ZC sequence-based DM-RS, a cyclic shift is assigned to UE as a part of grant-free resources configuration.

· FFS for PN sequence-based DM-RS.
Although not directly connected to DM-RS and UE-identification, the transmission patterns of SRS may need to be configured in conjunction with grant-free transmission patterns. Since grant-free is supposed to serve for infrequent traffic, semi-static configuration of periodic SRS transmissions may cause significant burden for both UE and gNB. In that case, SRS may be configured to be transmitted along with PUSCH transmission.
5 L1 Signaling
In order to limit the number of blind decoding, the activation / deactivation DCI format should have the same size as one of the monitored formats. E.g. it may have the same size as the UL grant or another compact DCI. The format may be also used to reconfigure some of the transmission parameters. The final decision on which format is used for activation should be based on the required content of such signaling.

Proposal 4
· At least one DCI format size is used for L1 activation/modification and deactivation.

Many transmission parameters may need to be changed during UE operation in order to adapt for changing propagation conditions and/or traffic demands. Additionally, the L1 activation based service is not assumed to be mission critical, therefore optimization of the link budget of such indication may not be necessary. Thus, a straightforward approach would be to base the activation signal design on the DCI for UL grant, i.e. the Option 1. The DCI may have frequency allocation, MCS/RV, TPC fields that may be used to reconfigure the grant-free transmissions. In order to reconfigure other parameters including time-frequency transmission patterns, the RRC mechanism needs to be triggered.

One of the open issues is the reliability of L1 signaling for activation / deactivation. For example, if modification or deactivation signaling is not successfully received, that may cause unmatched behavior of UE and gNB and unexpected interference in the resources considered as released by the target UE. Such situations are avoided in LTE by generating an ACK feedback for the release signaling in case of successful reception. NR can reuse the same methodology for increasing L1 signaling reliability.
Proposal 5
· Acknowledgement of L1 modification and deactivation signaling is supported.
6 HARQ Retransmissions
Multiple HARQ processes

Multiple HARQ processes for grant-free UL transmissions can be useful mainly if different resource configurations are provided (and activated) for a UE, with transmission opportunities interlaced in time-domain. However, for UL transmissions targeting low latency, the need for running such concurrent processes may need further consideration. Perhaps inputs from RAN2 may be desirable in this regard.

In case of multiple HARQ processes, a UE needs to be able to link the received grant with the transmitted transport block in order to understand which TB to be retransmitted. In order to associate the DCI with a TB, a UE can try to deduct that the DCI is for a particular TB by applying implicit linkage assuming only one TB is transmitted in one transmission interval. In this case, if the interval between detected UE transmission and a grant is fixed, it may unambiguously determine which TB should be retransmitted. If the timing between a detected transmission and a retransmission grant is not preconfigured, then an explicit indication of the retransmitted TB should be carried by DCI. The HPN in this DCI may be set based on the rule known to UE. For example, from the overall number of HARQ processes, some of them may be reserved to grant-free operation and associated with each resource configuration. Alternatively, the DCI for grant-free retransmissions can be scrambled with a UE ID (e.g. RNTI) different from the one used for grant-based transmissions, thus not causing confusion between HARQ process ID numbering.
Proposal 6
· In case of multiple grant-free HARQ processes, HPN for scheduling retransmissions is associated with the resource configuration used for initial transmission and its automatic repetitions.

If a UE detects that a grant for one TB overlaps with transmission of another ongoing TB it should assume precedence of the grant comparing to the grant-free retransmissions. In case a grant is received for a new TB (e.g. for aperiodic CSI reporting) and overlaps with the grant-free transmissions, then the grant-free transmissions may be dropped in these resources. Alternatively, a prioritization rule whether to transmit the triggered report or the grant-free data may be introduced depending on priority of the associated services. For example, if URLLC service is assumed, then the CSI reporting may be dropped.

Proposal 7
· If a granted resource overlaps with transmission resources for another ongoing TB for the same service priority, the granted retransmission should be prioritized.
· If a granted resource for a new TB overlaps with an ongoing grant-free transmission, a decision to drop one of the transmissions should be based on service priority.
Additional termination conditions

Another repetition termination condition currently on the table is the potential introduction of a dedicated PHICH-like channel for early termination. In our view, current agreements on termination by receiving a dynamic grant or by reaching the maximum number of repetitions may be sufficient to support low latency services. Note, that there is a small implication on potential reliability since missing of the termination grant will not reduce the reliability of currently transmitted transport block. The only reason to introduce such PHICH-like channel is to optimize the control channel capacity, system capacity, and UE power consumption in case of large K values.  However, design of a separate channel like PHICH, requiring further considerations of monitoring and synchronized timing relationships, may need further justification. In case support of early termination feature is determined as necessary, this could be realized via DCI-based indication.

Observation 2
· Current agreements on termination conditions for grant-free may be sufficient to support low latency services.
7 UCI Piggybacking

In general, when low latency data arrives, a UE may need to transmit it immediately in order to meet stringent latency requirement. However, it may be possible that the resource configured for grant-free uplink transmission and PUCCH transmission carrying UCI report may collide in time. In this case, UE may piggyback UCI report into grant-free uplink data transmission.

In that case, the piggybacking may increase failure probability of grant-free transmissions due to increased effective code rate after piggybacking that may be undesirable for URLLC services. Therefore, rules for transmitting either grant-free TB or PUCCH in case of collision may be defined. For example, in case the associated priority of grant-free TB and the PUCCH are different (e.g. the TB is for URLLC services and the PUCCH is for eMBB services), then the channel with lower priority may be dropped, postponed, or punctured depending on configuration. In case of the equal priority, the piggybacking may be allowed in some cases, e.g. for eMBB transmissions, but precluded for other cases, e.g. URLLC. Therefore, the dropping rules itself could be configurable to UE via higher layer signaling.

Since the UCI piggybacking details for basic mode of UL operation, i.e. grant-based, have not yet finalized, it is reasonable to progress the grant-based UCI piggybacking first and then define the additional behavior for grant-free operation.
Proposal 8
· Once UCI piggybacking details are finalized for grant-based UL transmission, additional rules should be defined to multiplex or prioritize grant-free transmission and UCI depending on associated service priority.
8 Conclusions

In this contribution, we discussed design aspects of UL grant-free transmission in application to low latency services. Based on the analysis, we have the following proposals:
Proposal 1

· Configuration of multiple resources within single resource configuration is supported

· Support at least the case when number of resources is equal to the number of repetitions K

· Support non-consecutive transmission time patterns within one period
Proposal 2

· NR should support different redundancy versions for grant-free repetitions.

· RV cycling is defined with respect to the first transmission in the set of K automatic repetitions.
Proposal 3

· For ZC sequence-based DM-RS, a cyclic shift is assigned to UE as a part of grant-free resources configuration.

· FFS for PN sequence-based DM-RS.

Proposal 4

· At least one DCI format size is used for L1 activation/modification and deactivation.
Proposal 5

· Acknowledgement of L1 modification and deactivation signaling is supported.
Proposal 6

· In case of multiple grant-free HARQ processes, HPN for scheduling retransmissions is associated with the resource configuration used for initial transmission and its automatic repetitions.
Proposal 7

· If a granted resource overlaps with transmission resources for another ongoing TB for the same service priority, the granted retransmission should be prioritized.
· If a granted resource for a new TB overlaps with an ongoing grant-free transmission, a decision to drop one of the transmissions should be based on service priority.
Proposal 8

· Once UCI piggybacking details are finalized for grant-based UL transmission, additional rules should be defined to multiplex or prioritize grant-free transmission and UCI depending on associated service priority.
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