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1 Introduction

Previously, the scheduling and HARQ aspects of UL transmission with and without grant were mainly discussed in application to low latency services [1]. In the previous meeting, the common aspects of waveform determination, multi-slot transmission, frequency hopping, and others were additionally discussed and some progress was achieved [2]. In this contribution, we present our view on UL data transmission procedures including enhancement on grant-based UL transmission and uplink grant-free transmission. In particular, the common aspects for grant-based and grant-free transmissions are discussed in section 2, the SR aspects for grant-based transmission are discussed in section 3, and the issues of Type 1 and Type 2 grant-free transmissions are discussed in section 4.
2 Common UL Transmission Aspects

2.1 Waveform Determination
The following options of waveform configuration were identified:
	Agreements:

· For Type 2 UL transmission without grant [and for UL transmission with grant], to down-select (including possible combinations) from:
· Option 1: waveform type is determined from DCI
· 1-1: Explicit 1-bit field in the UL grant
· 1-2: Implicitly derived by other information
· 1-2-1: Some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· 1-2-2: Based on the different DCI sizes

· 1-2-3: Based on the search space where the UL grant is detected

· FFS: the DCI-based determination is always enabled or is enabled/disabled by RRC signaling

· Option 2: waveform type is configured by UE-specific RRC

· Option 3: waveform type follows the information by RMSI for Msg3

· Option 4: waveform type is indicated by MAC CE

· Note: For Msg3, waveform is informed by the RMSI

· If no agreement is done, all UE follows the information by the RMSI

· Aim to have the same solution as in the UL with grant case

Agreements:

· For Type 1 UL transmission without grant, to down-select (including possible combinations) from:

· Option 1: waveform type is determined from UE-specific RRC

· 1-1: Explicitly configured by the RRC

· 1-2: Implicitly derived by other information in RRC

· E.g., some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM

· Option 2: waveform type follows the information by RMSI for Msg3


Since the main motivation of supporting two waveforms is to apply them for different UE coverage, the dynamic indication of the waveform may not provide any performance benefits because the UE coverage changes slowly. Therefore, configuration by RRC can serve the purpose and is preferred. Note, that configuration of the waveform by RRC may imply activation of monitoring of different DCI formats because of potentially different resource allocation types (localized for DFT-s-OFDM and localized/distributed for CP-OFDM), different DM-RS configurations, different TBS tables, ability to support multi-layer transmissions. Moreover, this approach may be common for all transmission types (grant-based, grant-free Type 1, grant-free Type 2).

Proposal 1

· For all UL transmission types with grant and without grant, the waveform type is explicitly configured by UE-specific RRC signalling
· Until reception of the UE-specific RRC configuration, the UE assumes the waveform indicated by RMSI for Msg3
2.2 Configuration of Repetitions
The repetitions and multi-slot transmission were extensively discussed at the last meeting. It was agreed that TB spanning multiple slots can be realized by the repetitions of a TB with RV cycling. However, the following aspects need to be further discussed for both grant-based and grant-free UL transmissions schemes:
· Support of non-continuous in time repetitions. The support on non-continuous in time repetitions may not be justified for grant-based scheduling. The gNB schedules resources in a short window and can select frequency resources based on dynamic channel quality estimations. In this case, trying to achieve time diversity for grant-based transmissions is not justified. However, for grant-free UL transmissions, the channel quality based scheduling is not easily possible, therefore maximization of channel diversity and interference randomization may be crucial to achieve target requirements for both latency critical and latency tolerant services. These aspects are discussed in more details in section 4.1 of this contribution.
· Support of mini-slot repetitions. As it was argued above, at least for grant-free transmission, the repetitions of slots/mini-slots of the same TB may not be consecutive in time. For an open-loop operation as is typical for grant-free UL transmissions, use of repetitions of a smaller data channel duration provides the opportunity at the gNB for an early decoding success event in case of favourable channel conditions. Having this in mind, restricting transmission to single mini-slot per slot violates the primary targets of supporting UL grant-free transmissions. However, if gNB decides to have a continuous transmission shorter than a slot, it can always configure a proper mini-slot duration without repetitions. For example, instead of configuration of two aggregated 2-symbol mini-slots, gNB can always configure single 4-symbol mini-slot.
Proposal 2
· For UL transmission with grant, the repetitions are contiguous in time

· For UL transmission without grant, mini-slot repetitions within a slot are supported

The number of repetitions itself should be configurable, as it was agreed. For grant-based UL and Type 2 grant-free, it is still FFS whether only RRC or RRC + L1 signalling is used. In our view, generalizing the signalling to RRC + L1 is a more optimal and “forward looking” approach. It would also be an important differentiating feature of Type 2 comparing to Type 1 when the number of repetitions could change dynamically based on changing propagation conditions. As for the concrete design of the signalling, it is preferred that a set of values for repetition number is configured by RRC and the index of the particular value is conveyed in DCI.

Proposal 3
· The number of repetitions K for UL transmission with grant and Type 2 UL transmission without grant is indicated by DCI grant/activation signal from a set of values that are configured via RRC
2.3 HARQ Process Release Condition
Current design of NR uplink assumes asynchronous and adaptive HARQ operation, i.e. each retransmission is explicitly scheduled by a grant with an associated HARQ process ID. In case of successful reception the HARQ process is assumed to be released by scheduling a new TB with NDI toggled. It would be a typical behaviour, however, in case of data ending, a UE needs to assume when the HARQ process can be released. The same problem appears in grant-free communication where HARQ processes are not assigned explicitly by a gNB.
Obviously, RAN1 should strive to unify the mechanism of releasing HARQ process (i.e. ACK indication) for grant-based and grant-free UL to optimize and leverage the specification efforts. Note, that the mechanism of releasing HARQ process at UE side was discussed in context of grant-free “early termination”. At RAN1#90, the following options were identified:
· Option 1: Based on UL grant to indicate “ACK”
· Option 2: Group-common DCI
· 2-1: Only ACK
· 2-2: ACK and NACK
· Option 3: Define a Timer, UE assumes following, when the Timer expires
· 3-1: ACK if an NACK is not received after the K repetitions
· 3-2: NACK if an ACK is not received
Option 1 may be realized by a special state of the DCI where NDI could be un-toggled, the HPN could correspond to the successfully received TB, and other values of the DCI set to some unused states. This option is not useful to grant-based scheduling since the ACK is implicitly assumed when the same HPN is used for scheduling new data. The only use case is when the data is ended at the UE and it may inactivate its TX processing once received the acknowledgement.

Among the above options, the Option 2 to introduce a group-common DCI with A/N indication seems the most unreasonable due to multiple implied assumptions and amount of required specification work. For example, this option would face the issues of HPN identification and association that would require either explicit signalling of HPN for each UE or synchronous timing rule for HPN derivation, although the HARQ is currently fully asynchronous in NR. Moreover, this would imply additional UE complexity and power consumption to monitor another DCI format.
The timer-based ACK (Option 3-1) has the lowest overhead and specification impact and applicable to both grant-based and grant-free cases but it does not allow “early termination” behaviour. Note, that the “early termination” approach is good when the number of repetitions is significantly larger than the HARQ RTT and processing time, and also when the propagation conditions to UEs are not well-known. Currently, for URLLC use cases the HARQ RTT is likely to be comparable to the required latency (or a few times smaller), therefore the gains from early termination could be negligible with proper setting of K.

Based on the analysis, the most straightforward option is to introduce a timer (defined by RAN2) to assume ACK if no NACK received. This would serve most of the use cases and also applicable to grant-based operation. Other options targeting optimizations of mMTC use cases may be considered in later releases.

Proposal 4
· For UL transmission with and without grant, a UE assumes ACK if a retransmission grant for the associated HARQ process ID is not received after expiration of a timer
2.4 Frequency Hopping
Previously during the NR work/study item the frequency hopping was agreed for DFT-s-OFDM waveform which does not support distributed transmission. However, no further details were discussed.
In order to achieve at least LTE PUSCH coverage, both intra-slot and inter-slot hopping should be supported. The inter-slot hopping is needed when repetitions are configured.

Common aspects
The following aspects are common to intra- and inter- slot hopping:
· Non-colliding hopping rules. A baseline assumption for a hopping rule is to provide non-colliding equation for UEs served by the same gNB. LTE supported two basic types of hopping: fixed offset (half-band or quarter-band) and random pattern-based (cell-specific). Both types had non-colliding property for UEs served by the same gNB. However, in NR it is not straightforward to reuse LTE hopping types because of the feature of multiple bandwidth parts which are UE-specific. For random pattern-based hopping (like LTE Type 2), the solution is not straightforward either. One approach is to let gNB handle potential collisions by scheduling.
· Configuration signalling. The hopping types and parameters can be configured by a combination of RRC and L1 signalling. Some flags and parameters can be a part of resource allocation field in DCI and some can be configured via RRC. For example, the hopping offsets need to be dynamically configured in order to manage potential collisions especially in case of multiple bandwidth parts. The type of hopping could be configured via RRC.
Intra-slot hopping
The intra-slot hopping can be realized without repetitions. In LTE, the intra-subframe hopping was realized by hopping between the two 7-symbol (6 symbol in case of ECP) slots in the subframe. The following aspects need to be taken into account for designing intra-slot hopping:

· Slot partitioning for hopping. Since PUSCH part of the slot may vary significantly, a rule to split the PUSCH for hopping should be defined. The similar problem is discussed for long PUCCH intra-slot hopping. Therefore, the design for long PUCCH intra-slot hopping partitioning can be reused for PUSCH partitioning. As it is discussed in our contribution on long PUCCH [3], for N-symbol PUSCH duration, the hopping boundary could be floor(N/2) or ceil(N/2). Another alternative is to emulate intra-slot hopping by inter-mini-slot hopping that however would require additional signalling considerations.
· DM-RS location. The slot may contain only one DM-RS symbol in the beginning or contain additional DM-RS in later part of the slot depending on configuration. The intra-slot hopping should be possible only if there is additional DM-RS in the second part of the slot.
Inter-slot and inter-mini-slot hopping
Similar to LTE, the hopping rule for inter-slot and intra-slot can be common. For inter-slot, the hopping can be organized between the configured repetitions. The repetitions could be configured in terms of slots or mini-slots as discussed in section 2.2 above.
For mini-slots, the hopping rate may be restricted to two different positions within a slot in order to align collision patterns in case of different mini-slot durations and minimize the overhead of UE transient periods.

Proposal 5
· Support both intra-slot and inter- slot/-mini-slot frequency hopping for all UL transmission types
· FFS optimization for multiple BWP

· For intra-slot frequency hopping

· Frequency hopping boundary for N symbol PUSCH duration is floor(N/2) or ceil(N/2)
· For inter- slot/mini-slot frequency hopping

· Frequency hopping is done on repetitions with respect to the initial transmission

· In case of inter-mini-slot hopping, the number of frequency position changes within a slot is limited to one and the hopping boundary is aligned with the case of intra-slot frequency hopping 
3 Grant-based UL Transmission

3.1 Resource allocation for scheduling request 

As agreed in NR, an SR can be configured with a periodicity of at least equal to X OFDM symbol(s) (at least for short-PUCCH), and with up to the largest periodicity supported in LTE (i.e. 80 ms), where X = 1 is considered as working assumption. The SR resource with shorter periodicity can be configured to target for low latency application, e.g., URLLC, in order to meet stringent latency requirement. 

As agreed in NR, short PUCCH may span one or two symbol(s) while long PUCCH may span any number of symbols from 4 to 14 within a slot. For SR resource with symbol level periodicity, it is straightforward to ensure that SR periodicity should be at least longer than or equal to transmission duration of the PUCCH type configured to carry the SR. For instance, for SR with 1 symbol periodicity, short PUCCH with 1 symbol duration can be configured. For SR with 4 symbol periodicity, short PUCCH with 1 or 2 symbol duration or long PUCCH with 4 symbol duration can be configured.

Proposal 6
· SR periodicity should be at least longer than or equal to transmission duration of the PUCCH type configured to carry the SR

For dynamic TDD system, in case when UE is configured with symbol level periodicity, it is likely that SR resource may collide with other DL or UL signals. For instance, depending on configured SR periodicity, SR resource may collide with synchronization signal block (SSB) or configured control resource set (CORESET) as shown in Figure 2. If UE requests the UL resource and transmits this SR in case of collision with SSB or CORESET, it may introduce severe cross link interference, which is not desirable for system operation. 

Similar issues may arise when configured SR resources collide with “DL” or “unknown” symbols indicated by slot format information (SFI) or semi-statically configured by higher layers, or reserved resource configured by higher layers. To ensure proper system operation, in case of collision with other signals, UE would skip the SR transmission or defer the SR transmission to the next available and valid SR opportunity. 
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Figure 2. SR collision with CORESET
Proposal 7
· In case of collision with other signals, UE would skip the SR transmission or defer the SR transmission to the next available and valid SR opportunity

While allocating SR resource in a semi-static manner would be a natural choice for FDD system or TDD system with semi-static DL/UL configuration, periodic SR configuration for dynamic TDD system may not be desirable. Substantial UL resources can be expected when SR with symbol level periodicity is configured for one or multiple UEs. Note that in the slots where symbol level SR is configured, slot based scheduling for DL data transmission may not be feasible. To improve the system spectrum efficiency at least for DL transmission, certain mechanism to activate and deactivate periodic SR resource via L1 or L2 control signalling can be considered for NR, which can help to ensure better forward compatibility and more efficient support of dynamic TDD system. 

In this regard, symbol level PUCCH resource may be released to reduce the overhead for UL transmission, and thereby improve system level spectrum efficiency. Further, SR with symbol level periodicity can be configured or activated/deactivated on a need basis. Based on the discussions above, dynamic resource activation/deactivation for SR can be supported to ensure forward compatibility for NR.

Proposal 8
· Dynamic resource activation/deactivation for SR is supported to ensure forward compatibility.

3.2 Multiple SR resource configurations 

As agreed in the RAN1#90 meeting, multiplexing of SR and HARQ feedback is supported on both short and long PUCCH. For LTE, in case when SR is combined with UCI feedbacks including CSI report and HARQ-ACK feedback, 1 bit information with positive or negative SR can be explicitly included in PUCCH. 

In case when multiple SR resources with different periodicities are configured for a given UE, PUCCH carrying different SR resources by PUCCH may be allocated in a same slot, e.g., in a TDM manner. As shown in Figure 3, it is possible that multiple SR resources may collide with other UCI types including CSI report or HARQ-ACK feedback in time. If only 1 bit information with positive or negative SR is included in a combined UCI in PUCCH, gNB may not be able to identify which SR is triggered by UE. For instance, in the figure, gNB may not differentiate whether SR #1 or SR #2 is triggered by UE in a combined UCI on PUCCH. 
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Figure 3. Collision between other UCI types and multiple SR resources
To resolve this issue, a bitmap of SR or SR index may be included in the combined UCI. Upon successful reception of the combined UCI, gNB may be able to identify which SR is triggered by UE. Note that the size of bitmap of SR can be determined according to the number of configured SR resources. 

Proposal 9
· When multiple SR collide with other UCI types, a bitmap for SR or SR index is included in a combined UCI.

4 Grant-free UL Transmission

4.1 Configuration of Resources for Repetitions
At RAN1 NR AH#2, 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 4.
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Figure 4. 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.
During offline discussion at the previous meeting, the following options were identified to interpret “resource”:

	· Option 1: One of the K repetitions (K>=1) of a TB is mapped to “a resource” at least consisting of time/frequency-domain resource

· Option 2: K repetitions (K>=1) of a TB are mapped to “a resource” at least consisting of time/frequency-domain resource


Note that both options can achieve the same thing with some restrictions and rules defined for performing repetitions. The configuration should give the gNB a possibility to avoid detection of initial transmission in a bundle in order to maximize UE detection performance with lower gNB efforts. In case if repetitions including initial transmissions can start in non-overlapping manner within one configuration, it is possible to utilize all repetitions to detect UEs without multiple hypotheses.
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Figure 5. Configuration of multiple resources.

A further detail to configuration of multiple resources is whether they are 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 are the multiple aspects that can be solved by configuration of non-consecutive repetitions:

· Some resources may be unavailable or planned to be used by gNB for other purposes. In that case, the repetitions may either be dropped on these resources or explicitly configured to avoid transmission on these resources by postponing.
· 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 (see in Figure 6).

[image: image5.emf]U

1

SFN = 0

Periodicity Offset

U

2

U

3

U

1

U

2

U

3

U

1

U

2

U

3

U

1

U

2

U

3

Repetition pattern

1 1 1 0


Figure 6. Non-consecutive repetitions.

In summary, the following parameters should be configured to a UE to support such configuration:

· P – periodicity of occasions to start transmission measured in slots or mini-slots;

· O – offset relative to SFN=0 measured in slots or mini-slots;

· RTP (repetition time pattern) – repetition bitmap pattern of ‘n’ bit (e.g. 8). The pattern is repeated within periodicity P. Each ‘1’ represents whether particular resource is available for repetition;

· K – number of repetitions including initial transmission. K may be different from the number of ‘1’ in RPT.
Another issue is that when multiple repetitions K are configured, when the UE can start transmission should be defined. In our view, a one-to-one mapping should be defined between resource and repetition index. I.e. the UE should wait for the nearest instance of initial resource to start transmission. One can argue, that this may introduce additional alignment latency. However, the latency concern can be resolved by using multiple resource configurations shifted in time like illustrated in Figure 7. In that case, the UE may select the nearest resource configuration to start transmission. Another approach is to configure the periodicity to a small value that is smaller than overall transmission duration. In that case, the gNB would need to detect initial transmission.
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Figure 7. Multiple configurations to support low latency with repetitions.
Proposal 10
· For UL transmission without grant

· Transmission of a TB can only start in occasions configured by the offset and the period (offset and period were agreed at RAN1 NR AH#2)

· Repetitions are mapped with respect to the initial transmission according to a repetition time pattern (RTP) represented as a bitmap repeated within the period
When the multiple repetitions are configured by K, then it needs to be decided whether different retransmissions can have different redundancy versions. At RAN1#90 meeting, different options for RV determination were identified including fixing the RV to a single value, fixing or configuring a cycling pattern. In our view, the RV cycling should definitely be supported since grant-free targets variety of use cases and code rates. However, for some applications, where small code rates are needed, the RV cycling may introduce unnecessary complexity. Therefore, both single RV and RV cycling should be supported. However, the configurability of RV cycling patterns may need to be further investigated. Although LTE supports variety of different use cases and services, such as VoIP, D2D discovery, V2X, D2D communications, which apply RV cycling, the RV cycling pattern does not change from use case to use case (it is fixed to 0, 2, 3, 1). Therefore, configuration of the whole RV pattern may be an overkill.
Moreover, at the last NR AH#3 meeting, the channel coding session agreed to define RV cycling patterns for all use cases: “Note that order of RVs should be discussed in the channel coding session, e.g. if it is decided elsewhere to support RV cycling”. Therefore, it is proposed to follow the RV cycling pattern defined by channel coding session.
When RV cycling is applied, it should be done with respect to some resource in the resource configuration in order to avoid RV blind detection at gNB. It is natural to link the first resource for start of the RV cycling sequence with the first resource in K repetitions. In that case, the gNB always has information to assume a particular RV without blind detection.

Proposal 11
· Both Type 1 and Type 2 UL transmission without grant support RV cycling across repetitions
· RV cycling is defined with respect to the first transmission in the set of K automatic repetitions
· FFS whether to support single RV across repetitions

· Note: concrete RV cycling pattern is decided in the channel coding AI
4.2 RNTI Determination

At the last meeting, it was also agreed that RNTI different from dynamic grant-based operation is used for both Type 1 and Type 2. This RNTI is supposed to distinguish L1 signalling from grant-based scheduling and also to scramble PUSCH channel for UE-specific interference randomization.
In our view, since the grant-free operation is currently supported only in RRC_ACTIVE state, the RNTI for such operation may just need to be configured via dedicated RRC signalling similar to LTE SPS operation. Other options of RNTI derivation could be considered in later stages as early as RRC_INACTIVE state is discussed for grant-free.

One issue is whether different RNTIs should be configured for different grant-free types. There is no clear use case to enable both grant-free types to a UE in the same time. Moreover, simultaneous support of both types may introduce significant specification efforts. Therefore, a single RNTI can be assumed as a baseline to serve both types.
Proposal 12
· For both Type 1 and Type 2, the RNTI used for related L1 signalling, scheduling of grant-based retransmissions, and PUSCH scrambling is configured via dedicated RRC.
4.3 HARQ Retransmissions

Multiple HARQ processes

The following two options were mainly discussed:
· Option 1: HARQ process ID is a function of resource (time/frequency) index.

One example is the LTE equation for HARQ process determination based on current TTI. Depending on the configured number of HARQ processes for SPS, the equation gives different HARQ process ID for next transmission occasion.
HARQ Process ID = [floor(CURRENT_TTI/semiPersistSchedIntervalUL)] modulo numberOfConfUlSPS-Processes;
Dependence on frequency resource within one resource configuration may not be needed since the baseline assumption is to configure single resource within one TTI. In case of multiple configurations, each configuration may have its own HARQ process numbering, therefore some offset may be needed.
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Figure 8. LTE-like HARQ process ID derivation.
· Option 2: HARQ process ID is a function of resource configuration index.
In this case each configuration has one HARQ process ID explicitly configured or implicitly derived from the configuration index. Since the gNB can fully control resources for each configuration, UE and gNB can always unambiguously derive the HARQ process ID.
HARQ Process ID = [resource configuration index + offset] modulo [number of HARQ processes]
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Figure 9. HARQ process ID derivation based on configuration index.
Besides that, according to RAN2 decision, SPS will have one process, i.e. one resource configuration. Therefore, the Type 2 grant-free (which is equal to RAN2 SPS) has only one resource configuration for now. Taking this into account, in order to support multiple HARQ processes for Type 2, the single configuration should accommodate multiple HARQ processes, therefore the option 1 should be supported at least for Type 2. Therefore, a hybrid approach which accommodates both multiple processes within one configuration and configuration-specific HARQ process numbering should be targeted.
Accordingly, “CURRENT_TTI” component of Option 1 can be generalized such that it corresponds to a transmission opportunity composed of either an individual resource or a set of resources identified by initial transmission of a TB that is followed by its repetitions (the initial and K repetitions being referred to as a single transmission opportunity).

Then, a hierarchical relationship can be defined as follows:

· Step 1. Identify the set of one or more HARQ process IDs, defined by starting HARQ process index, for a given resource configuration following Option 2. 

· Step 2. Using Option 1, the HARQ process IDs for each of the one or more transmission opportunities within a resource configuration are identified if and when multiple processes are configured per resource configuration.

For the above two-step HARQ process ID determination approach, the HARQ processes need to be partitioned semi-statically across different resource configurations and the Option 2 equation can be further generalized to accommodate resource configurations with different number of HARQ processes.
Proposal 13
· HARQ process ID is derived from resource configuration index and time occasion index

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 14
· 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.
4.4 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 signalling.

Proposal 15
· Additional rules should be defined to multiplex or prioritize grant-free PUSCH transmission and UCI depending on associated service priority.

5 Conclusions

In this contribution, we discussed design aspects of UL transmission. Based on the analysis, we have the following proposals. First, the proposals on common aspects to all transmission types are discussed:

Proposal 1

· For all UL transmission types with grant and without grant, the waveform type is explicitly configured by UE-specific RRC signalling
· Until reception of the UE-specific RRC configuration, the UE assumes the waveform indicated by RMSI for Msg3
Proposal 2
· For UL transmission with grant, the repetitions are contiguous in time

· For UL transmission without grant, mini-slot repetitions within a slot are supported
Proposal 3
· The number of repetitions K for UL transmission with grant and Type 2 UL transmission without grant is indicated by DCI grant/activation signal from a set of values that are configured via RRC
Proposal 4
· For UL transmission with and without grant, a UE assumes ACK if a retransmission grant for the associated HARQ process ID is not received after expiration of a timer
Proposal 5
· Support both intra-slot and inter- slot/-mini-slot frequency hopping for all UL transmission types
· FFS optimization for multiple BWP

· For intra-slot frequency hopping

· Frequency hopping boundary for N symbol PUSCH duration is floor(N/2) or ceil(N/2)
· For inter- slot/mini-slot frequency hopping

· Frequency hopping is done on repetitions with respect to the initial transmission

· In case of inter-mini-slot hopping, the number of frequency position changes within a slot is limited to one and the hopping boundary is aligned with the case of intra-slot frequency hopping 
The following proposals are made regarding grant-based specific aspects of UL transmission:

Proposal 6
· SR periodicity should be at least longer than or equal to transmission duration of the PUCCH type configured to carry the SR
Proposal 7
· In case of collision with other signals, UE would skip the SR transmission or defer the SR transmission to the next available and valid SR opportunity
Proposal 8
· Dynamic resource activation/deactivation for SR is supported to ensure forward compatibility.
Proposal 9
· When multiple SR collide with other UCI types, a bitmap for SR or SR index is included in a combined UCI.

The following proposals are made on grant-free specific transmission aspects:

Proposal 10
· For UL transmission without grant

· Transmission of a TB can only start in occasions configured by the offset and the period (offset and period were agreed at RAN1 NR AH#2)

· Repetitions are mapped with respect to the initial transmission according to a repetition time pattern (RTP) represented as a bitmap repeated within the period
Proposal 11
· Both Type 1 and Type 2 UL transmission without grant support RV cycling across repetitions
· RV cycling is defined with respect to the first transmission in the set of K automatic repetitions

· FFS whether to support single RV across repetitions

· Note: concrete RV cycling pattern is decided in the channel coding AI
Proposal 12
· For both Type 1 and Type 2, the RNTI used for related L1 signalling, scheduling of grant-based retransmissions, and PUSCH scrambling is configured via dedicated RRC.
Proposal 13
· HARQ process ID is derived from resource configuration index and time occasion index

Proposal 14
· 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 15
· Additional rules should be defined to multiplex or prioritize grant-free PUSCH transmission and UCI depending on associated service priority.
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