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1. Introduction 

In RAN1 NR AH#03 and RAN1 #90bis meetings, regarding UL transmission without grant, following agreements were made [1,2].
	RAN1 NR AH#03
Agreements:
· Repetition number K for Type 2 UL transmission without grant is down-selected from the following:

· Option 1: Only RRC signalling

· Option 2: Combination of RRC + L1 activation signalling

Agreements:
· If HARQ feedback is supported, to indicate HARQ feedback of UL transmission without grant, following options and related UE behavior should be further studied.

· 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 

· FFS: Option 1, Option 2 and Option 3-2 can be used during and after the K repetition 
Agreements:
· Multiple resource configurations for UL tx without UL grant can be configured to a UE 

· For UL tx without UL grant, the same resource configuration is used for K repetitions for a TB including the initial transmission

RAN1 #90bis
Agreements:
•        For UL transmission without UL grant, for each configuration 

–       The number of configured HARQ processes is explicitly configured by RRC    

–       Each configuration can have multiple HARQ processes 

•        The value range is {1, 2, …, M}, where M value is FFS

Agreements:
•      For Type 1 and Type 2 UL transmission without grant, RNTI(s) is/are configured by UE-specific RRC signaling.

–      Whether the same or different RNTI(s) for Type 1 and Type 2 can be decided by RAN2.

•   Within each type, an RNTI is configured by UE-specific RRC signaling at least for one resource configuration in a serving cell

Agreements:
•        For UL transmission without UL grant, 

–       The HARQ ID for a TB should be the same during the repetitions and retransmissions if any.

–       The HARQ ID is at least determined by 

•        the number of HARQ processes in the configuration

•        the time-domain resource for the UL data transmission

•         FFS: other factors such as frequency-domain resource, DMRS, repetition K dependency on initial transmission.




At the RAN1 90bis meeting, the following agreements regarding UL data frequency hoppping were achieved [2]:

	Agreements:

· Support PUSCH frequency-hopping for DFT-s-OFDM and CP-OFDM waveform with RA Type 1. 
· At least support intra-slot FH for Msg.3.   

· FFS: details including hopping pattern/configurations, signaling designs, etc.

· FFS whether applicable to all PUSCH durations within a slot 

· FFS: whether to support repetition of Msg.3

· Support UE-specific RRC configuration of the following: 

· Mode 1: intra-slot FH only 

· FFS whether applicable to all PUSCH durations within a slot

· Note: Mode 1 is applicable to single slot and repetition case

· Mode 2: inter-slot only 

· Note:  Mode 2 is applicable to repetition case

· FH across mini-slots for repetitions 

· FFS: whether it can be enabled by which mode and details, including alignment with slot boundary, pattern etc. Target to have a common FH design between slot and mini-slot.

· FFS: details including the number of configurations, hopping pattern/configurations, signaling designs, etc.

· Support RAR/UL grant indication for PUSCH frequency-hopping 

· FFS: details including how to indicate enable/disable and pattern/mode of FH.




In this contribution, we provide our views on the remaining issues on UL data transmission without grant, and UL frequency hopping for PUSCH. This contribution is revised from R1-1717500.
2. Remaining issues on UL transmission without grant
2.1. Multiple resource configurations
In RAN1 NR AH#03 meeting, it was agreed that multiple resource configurations for UL tx without UL grant can be configured to a UE. It should be noted that potential use cases for multiple resource configurations include different services or different HARQ processes. During the discussion in RAN2, it was concluded that multiple type 2 SPS configurations per serving cell are not supported. From the agreement of RAN1, it does not preclude the possibility of multiple resource configurations per cell for either type of UL grant-free transmission. At least for type 1 where only RRC signaling is used to configure the UL grant-free resources, it is beneficial to support multiple resource configurations for different services. 

Proposal 1: Multiple configurations of type 1 UL grant-free Tx can be configured to a UE for a serving cell, at least for different services.

2.2. Configuration of repetitions
· Resources for repetition

In RAN1 NR AH#03 meeting, it was agreed that K repetitions for a TB including the initial transmission are transmitted using the resource(s) configured by one resource configuration. Besides, there is agreement that a TB is mapped to a resource at least consisting of time/frequency domain resource in [3]. 
According to these agreements, it is still unclear that how repetitions of a TB are conducted. Therefore, it is necessary to further clarify the definition of a resource defined in RAN1 NR AH#2 meeting [3]. There are two options of the definition of a resource as follows.

· Option 1: one of the K repetitions is mapped to a resource 

· Option 2: K repetitions including initial transmission are mapped to a resource 
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Figure 1: Example of definition of resources for repetition
For option 1 as in Figure 1, one resource is defined as one transmission occasion and frequency resource so that one resource is used for each of the K repetitions. There is a periodicity P between two serial resources and transmission duration for K repetitions is KP. It is simple to configure only one resource with periodicity in one resource configuration. 
For option 2 as in Figure 1, one resource is configured as multiple transmission occasions and frequency resource(s) so that one resource is used for all the K repetitions. Within each resource, K repetitions are mapped to multiple consecutive or non-consecutive transmission occasions in time domain. In this case, the periodicity P is defined as the time interval between two serial resources. Note that when repetition is not applied, option 2 is the same as option 1. Thus, there is unified design for UL grant-free transmission with and without repetition. Therefore, option 2 is preferred.

Proposal 2: For a TB of UL grant-free transmission, K repetitions including initial transmission are mapped to a resource.
· Relationship of initial transmission and repetitions
According to Proposal 2, the starting position of each resource is used for initial transmission. For a UE, it should be aware when a UL grant-free transmission with repetitions can start. There are two options for the starting occasion for initial transmission as in Figure 2.
· Option 1: Transmission occasion for initial transmission is fixed

· Option 2: Transmission occasion for initial transmission is flexible
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Figure 2: Example of transmission occasions for initial transmission and repetitions 
If transmission occasion for initial transmission is fixed, it will increase the latency of transmission if a packet arrives in between two consecutive initial transmission occasions, i.e. transmission of a TB needs to start at the next available initial transmission occasion. It should not be prohibited that a UE can start the transmission of a TB at any configured occasion with K repetitions to address low latency and high reliability requirements. Given that UL grant-free transmission is applied for sporadic traffic, flexible starting occasion for initial transmission is necessary to ensure the latency requirement.

Proposal 3: Flexible starting occasion for initial transmission for UL grant-free transmission with repetition is supported.

· Differentiation of initial transmission and repetitions
There is a need to differentiate the initial transmission and repetitions to facilitate effective signal combining at gNB. It is important to combine multiple transmissions of a TB to improve the decoding and demodulation performance. To distinguish initial transmission and repetitions, certain time/frequency/code resources can be associated with the initial transmission of a TB, where the time/frequency/code resources are explicitly configured. 
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Figure 3: Example of different resources for initial transmission and repetitions 
As shown in Figure 3, transmission occasion for initial transmission of a TB is flexible. The initial transmission and repetitions of a TB are distinguished by different frequency resources. To be more specific, separate frequency resources are configured for initial transmission and repetitions occasions. Note that in time domain, each transmission occasion can be applied for either initial transmission or repetitions. In addition to frequency resources, different RS parameters/sequences can be adopted to differentiate initial transmission and repetitions of a TB.
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Figure 4: Example of different resources for initial transmission and each repetition
An alternative way is illustrated as in Figure 4. initial transmission and repetitions are allocated to different frequency resources, where each of the repetitions is allocated to a certain frequency resource. Although larger frequency band is needed, frequency diversity can be achieved for repetitions of a TB. This is also applicable to the case when frequency hopping is enabled for UL grant-free transmission with repetitions.
Proposal 4: Initial transmission and repetitions of a TB are differentiated by different transmission frequency resources and/or RS sequences.

· Repetition number K determination for type 2 UL grant-free transmission
There are two options for determination of repetition number K for type 2 UL grant-free transmission according to [2].

· Option 1: Only RRC signalling

· Option 2: Combination of RRC + L1 activation signalling

For type 2, it is beneficial for gNB to adaptively select the suitable repetition number K in L1 signaling. Repetition number K can be determined for UL grant-free transmission according to the channel state and the service requirement to achieve link adaptation gain. To reduce the indication overhead for repetition number in L1 signaling, network can configure a set of repetition number and then dynamically indicate one repetition number for type 2 UL grant-free transmission from the configured set.

Proposal 5: For type 2 UL grant-free transmission, repetition number K is configured by a combination of RRC and L1 activation signaling.

2.3. HARQ related 
· Handling HARQ process for UL grant-free Tx
A UL grant is used to schedule transmission for a TB initially transmitted by UL grant-free transmission. In this case, the initial transmission by UL grant-free transmission and retransmission scheduled by UL grant should be associated, e.g. using the same HARQ process ID. Thus, it is necessary to share HARQ processes between UL grant-free transmission and grant-based transmission. On the other hand, if separate pool of HARQ processes is applied for UL grant-free transmission, the maximum HARQ processes used for grant-based transmission would be limited. It may decrease the peak data rate for UL grant-based transmission. 
Proposal 6: Shared HARQ processes for UL grant-free transmission and dynamic grant-based transmission are supported.
· HARQ ID derivation

In RAN1 #90bis, it was agreed that HARQ ID for a TB is at least determined according to the time-domain resource for the UL data transmission. For the case without repetitions, the LTE formula for calculating the HARQ process ID can be used. In this case, HARQ ID is bundled with UL grant-free transmission occasion in time-domain. Regarding the case with repetitions, since initial transmission can start at any transmission occasion, it is insufficient to calculate the HARQ process ID only based on the time-domain resource. For example, when an initial transmission of K repetitions is not detected by gNB, there may be misunderstanding for gNB when determining the HARQ process ID for subsequent transmissions. 
Therefore, HARQ processes need to be additionally associated with the frequency/RS resources configured for UL grant-free transmission. For example, HARQ process number is bundled with different grant-free resources corresponding to different frequency allocation. In this case, different HARQ processes can be distinguished from the corresponding frequency resources.
Proposal 7: HARQ process ID associated with frequency/RS resource is supported for UL grant-free transmission.

· HARQ-ACK

For grant-free transmission, retransmission can be scheduled by an UL grant for the same TB, where the UL grant is regarded as an NACK. In addition to that, different options of HARQ-ACK feedback and related UE behavior are proposed in RAN1 #90.

· 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 

For option 1, an UL grant scheduling a new transmission is regarded as a “ACK”. Considering the high reliability of URLLC data transmission, if an ACK is transmitted by a UE-specific DCI, large number of PDCCH transmissions and monitoring trials shall be needed. Besides, UE behavior should be defined if an UL grant indicating “ACK” is not received. 

For option 2, an ACK can be transmitted by a group common DCI, where multiple UEs in a group need to monitor the common PDCCH. Since the URLLC service is sporadic, the probability of multiple simultaneous transmissions from multiple UEs within the same group may be small. Therefore, for group common ACK, how to group the UEs needs to be further discussed. Furthermore, UE behavior should be clarified after detecting a NACK from group common DCI. For example, whether UE needs to monitor an UL grant scheduling retransmission or retransmit data on grant-free resource should be clarified. If a retransmission is scheduled by UL grant, NACK feedback in group common DCI would be unnecessary. If UE retransmits data on grant-free resource, there is still uncertainty in retransmission, i.e. retransmission may collide with other grant-free transmission. If ACK-to-NACK error happens, UE may transmit a redundant transmission on grant-free resource, which increases the collision probability. If NACK-to-ACK error happens, gNB may never receive a retransmission on grant-free resource unless there is an UL grant for scheduling retransmission. Therefore, indicating NACK by group common may not be efficient. 

For option 3, it is simple that no explicit ACK and NACK is supported for UL grant-free transmission. If an UL grant scheduling retransmission is not received, UE assumes ACK for the corresponding TB. If there is available new data arrival and there is no received dynamic grant for retransmission, then the data in the HARQ process buffer should be replaced by the new data. The data in the HARQ process buffer should be kept if there is no available new data in the UE buffer. For how long a UE keeps the buffer is dependent on a timer or a period, which can be decided up to RAN2 discussion.

Proposal 8: 
· No explicit HARQ-ACK feedback is supported for UL GF in Rel-15.

· UE assumes ACK if no NACK is indicated after expiration of a timer/period which is up to RAN2 discussion.

2.4. Interaction with BWP 
For type 1 UL grant-free transmission, the resources used for UL data transmission are configured by RRC, including the time and frequency resources. The configured frequency resources should be within one of the configured BWP for a UE. For example, when a UE is configured with two BWPs where subcarrier spacing is 15 kHz and 30 kHz respectively, the resources for UL grant-free transmission are configured within the BWP with 30 kHz SCS. Therefore, the BWP used for UL grant-free transmission is configured by RRC. Besides, for different services, differnet resource configurations of type 1 can be configured on different BWPs.
For type 2 UL grant-free transmission, the time and frequency resources used for UL data transmission are indicated by L1 activation signaling. Similar to UL grant-based transmission, the BWP used for UL data transmission can be also indicated by the L1 signaling for type 2 UL grant-free transmission. 

Another issue is to determine the active BWP for a UE configured with UL grant-free transmission. Unlike UL grant-based transmission where the active BWP can be indicated by UL grant, there is no similar signalling as UL grant to inform UE the active BWP for the UL grant-free data transmission. Therefore, a UE with UL grant-free transmission should be able to activate the configured/indicated BWP used for UL data transmission by itself. If there is no data transmitted on UL grant-free resources, UE should follow the indication in UL grant for the active BWP.
When the BWP with UL grant-free transmission is deactivated, the configured resources for UL grant-free transmission should be suspended. This is similar to Scell deactivation case. 
Proposal 9: At least for type 1, UL grant-free resources can be configured per BWP.

2.5. Handling of collision of grant-based and grant-free transmission
For a UE, there can be different services targeting different QoS at the same time. For example, for URLLC service, the URLLC data needs to be transmitted using UL grant-free resources to satisfy latency requirement. While for other service with latency tolerance, grant-based resources scheduled by gNB is used. However, when scheduling a grant-based transmission, gNB is no aware of when the URLLC data with high priority will be transmitted on the grant-free resources. 

After receiving an UL grant scheduling eMBB data transmission, a URLLC packet arrives and UE needs to determine on which resources it will transmit the data. There are two different cases according to the arrive time of URLLC packet.

· Case 1: an URLLC packet arrives before the eMBB data transmission

· Case 2: an URLLC packet arrives during the eMBB data transmission
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Figure 5: Example of Case 1 where an URLLC packet arrives before the eMBB data transmission
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Figure 6: Example of Case 2 where an URLLC packet arrives during eMBB data transmission
To satisfy the latency and reliability of URLLC service, whether and how to prioritize URLLC data transmission should be further discussed. There are following options when grant-free transmission and grant-based transmission collide. 

· Option 1: UE prioritizes URLLC data transmission on UL grant-free resources and suspends eMBB data transmission on grant-based resources

· Option 1-1: UE suspends the whole eMBB data transmission on grant-based resources

· Option 1-2: UE suspends the partial eMBB data transmission that is overlapped with URLLC data transmission in time domain

· Option 1-3: UE suspends the remaining part of eMBB data transmission after URLLC data transmission 

· Option 2: UE prioritizes URLLC data transmission on grant-based resources and suspends eMBB data transmission.
· Option 3: UE prioritizes eMBB data transmission on grant-based resources and suspends URLLC data transmission.
For case 1 as in Figure 5 REF _Ref494552239 \h 
 \* MERGEFORMAT , both option 1 and option 2 of UE behaviors can be considered. For UL grant-free resources, a low MCS level is configured to ensure robust data decoding. If a high MCS is scheduled for grant-based transmission, reliability requirement may not be satisfied to transmit the high priority service using grant-based resources. In such case, option 1 should be adopted. If latency and reliability requirements on grant-based resources can be met, option 2 can be used due to no collision from other UEs on grant-based resources. 

For case 2 as in Figure 6 REF _Ref494552256 \h 
 \* MERGEFORMAT , both option 1 and option 3 of UE behaviors can be also considered. For most cases, option 1 is preferred to ensure URLLC data transmission. However, if a UL grant-free transmission occasion for URLLC data is within a different UL BWP from the UL BWP for eMBB data transmission, the retuning time to switch the active UL BWP should be also considered. If there is no sufficient retuning time for UL BWP switching before end of eMBB transmission, a UE is expected to suspend its URLLC transmission, i.e. option 3 is adopted.
Regarding option 1, there are more alternatives of UE behaviors. Among them, option 1-1 is simplest and influence each other for eMBB transmission and URLLC transmission can be avoided. However, it is only applicable when URLLC packet arrives before eMBB data transmission. Option 1-2 and 1-3 are both applicable for case 1 and case 2. However, for option 1-2, there is an issue due to discontinuous phase for eMBB data transmission. This is because a URLLC transmission may have higher transmit power than eMBB transmission. The remaining part of eMBB transmission after URLLC transmission would face the problem of discontinuous phase that may lead to performance loss, especially when there is no additional DMRS within the remaining part of eMBB transmission.
Proposal 10: For a UE multiplexing of grant-based and grant-free transmission, priority rules of grant-based and grant-free transmission should be defined considering the requirements of service.
2.6. UCI piggyback on PUSCH of UL grant-free transmission 
UL grant-free resources are preconfigured or indicated semi-statically by gNB. Especially when UL grant-free resources are used for sporadic and low latency service, e.g. URLLC, gNB cannot predict there is a UL grant-free transmission when scheduling the eMBB data transmission. Therefore, HARQ-ACK for DL data may need to be transmitted at the same time with UL grant-free transmission. Besides, it could be possible that periodic CSI report collides with a UL grant-free data transmission at the same time, since both of them are configured semi-statically.

For grant-based transmission, UCI can be piggybacked on the UL grant-based PUSCH, where the mapping resources and coding rate are configured by higher layer. For grant-free transmission, similar solution can be considered. Since UL grant-free resources are used for high priority service, it should be common understanding that performance of UL grant-free data transmission needs to be ensured even when UCI is piggybacked on UL grant-free data. Similar to grant-based transmission, priority rules for UCI piggybacked on PUSCH of UL grant-free transmission should be defined. For example, high priority UCI, e.g. for HARQ-ACK, can be piggybacked on UL grant-free data, while CSI report has lower priority. The maximum supported UCI payload on UL grant-free data should take into account the performance of data transmission on UL grant-free resources and priority of UCI to be piggybacked.
Proposal 11: UCI piggyback on PUSCH of UL grant-free transmission is supported.
· Priority rules of UCI piggybacked on PUSCH of UL grant-free transmission need to be defined.
2.7. Relationship of slot aggregation and repetitions 
For grant-based DL or UL, it is agreed that a TB can be repeatedly transmitted using over multiple slots or mini-slots. For example, K repetitions including initial transmission (K>=1) for the same TB are supported to improve the decoding and demodulation performance for high priority traffic, e.g. URLLC traffic. For URLLC traffic, the transmission needs to be mini-slot based so that the latency requirement can be satisfied. In terms of repetition over multiple mini-slots, there are following two options as shown in Figure 7.

· Option 1: one repetition of the TB within a slot

· Option 2: multiple repetitions of the TB within a slot
For option 1, there is only one repetition of the TB per slot even though one repetition is in mini-slot level, i.e. only one mini-slot for the TB is allowed within a slot. In this case, to ensure the high priority and reliability, very low coding rate for the TB can be adopted such that the transmission duration of the TB can be lengthened. This is beneficial when the packet size is small. Given that repetition number is one and transmission duration of the TB is adaptive for low coding rate, CRC overhead can be reduced compared to multiple repetitions case. However, the receiver may not be able to correctly decode the TB with low coding rate and longer transmission duration, which may increase the latency. Besides, if the packet size becomes larger, it is not efficient to use low coding rate and multiple repetitions may be needed. Since there is one repetition within one slot, the multiple repetitions are across multiple slots, which increases the latency significantly.

For option 2, there can be multiple repetitions of the TB within a slot. In this case, multiple mini-slots for repetitions of the TB are allowed within a slot. Opposite to option 1, if packet size is small, CRC overhead for multiple repetitions is considerable for option 2. The advantage of option is that the processing delay for data could be shorter compared to option 1. This is because time interval between two consecutive repetitions are smaller, e.g. less than a slot. It is also feasible to satisfy the latency bound of high priority service even when there is a need for combining multiple repetitions. 
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Figure 7: Example of definition of resources for repetition
Unlike grant-based UL, the resources used for repetitions for UL grant-free are configured by RRC or indicated by L1 activation signaling. In order to support low latency service, duration of one repetition can be configured with mini-slot level. Meanwhile, since gNB cannot predict when an UL grant-free data transmission happens, minimum periodicity of resources for UL grant-free transmission needs to be determined according to the service requirement, e.g. in mini-slot level periodicity. If there is one repetition using mini-slot within a slot, the periodicity of grant-free transmission occasion will be in slot level, which is not suitable for low latency service, e.g. URLLC. Therefore, multiple repetitions of the TB over multiple mini-slots per slot should be supported for UL grant-free transmission. 

Proposal 12: 
· For grant-based transmission, multiple mini-slots for repetitions of the TB are allowed within a slot.

· For UL grant-free transmission, multiple repetitions of the TB over multiple mini-slots per slot is supported.

3. UL frequency hopping for PUSCH

3.1. Frequency hopping configuration

· Interaction of frequency hopping with BWP
For type 1 resource allocation, contiguous resources are allocated, which may experience frequency selective propogation thus would cause performance loss. It was agreed that UL frequency hopping is supported for type 1 resource allocation for CP-OFDM or DFT-s-OFDM based waveforms. However, the details of UL frequency hopping should be further discussed.

In LTE, UEs in a cell are sharing the same BWP for frequency hopping. In NR, a UE can be configured with UE-specific active UL BWP, which may be overlapped or non-overlapped with other UEs’ BWPs. A narrow active BWP can benefit for UE power saving since UE needs not to monitor the whole system bandwidth. On the other hand, RF retuning time should be considered when UE swithes its active BWP to a wider one with different center carrier. Therefore, it is natural that frequency hopping for a UE is within its active UL BWP. 

· Frequency hopping BW
Another issue is how to determine the frequency hopping pattern/offset. In LTE, there are two different hopping types, 
· type 1 hopping based on explicit hopping information indicated by scheduling grant 
· type 2 hopping based on cell-specific hopping pattern. 
Since UEs in a cell can be configured with different UL active BWP, which may be overlapped with each other. If a cell-specific hopping pattern is adopted, it is contradicted to UE-specific BWP configuration. Besides, a common hopping pattern across different UEs may result in collision in overlapped BWP, e.g. in Figure 8.
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Figure 8: Example of frequency hopping of different UEs with overlapped UL BWPs
Therefore, frequency hopping offset should be configured or indicated per UE per BWP. This is similar to LTE type 1 PUSCH hopping. For example, frequency hopping offset candidates can be configured by higher layer while the actual frequency hopping offset is indicated by scheduling grant. Besides, different sets of frequency hopping offset can be configured to different BWPs. 
Alternatively, the frequency hopping offset can be derived implicitly by allocated bandwidth or resource blocks. This is similar to LTE type 2 PUSCH hopping. The hopping offset is associated with the allocated resources. In this case, it is still possible implicit derived frequency hopping pattern resulting in collision of different UEs sharing overlapped UL BWP.
Regarding UL transmission without grant, there is no dynamic grant indicating the frequency hopping offset. Therefore, the frequency hopping offset or pattern for UL GF Tx should follow the RRC configuration. For example, multiple resources can be configured to a UE for UL GF Tx with repetition, i.e. each transmission of repetition is transmitted on different pre-configured resource. Hopping of PUSCH repetition of a TB is within the pre-configured resources. In this case, it is more reliable for URLLC traffic since inter-cell interference can be reduced.

Proposal 13: For a UE, frequency hopping bandwidth is within its active UL BWP.

· For a UE with UL transmission with grant, frequency hopping offset should be explicitly configured/indicated per BWP.
· For a UE with UL transmission without grant, frequency hopping is within the pre-configured resource(s).
3.2. Frequency hopping boundary
· Alignment of frequency hopping boundaries

[image: image9]
Figure 9: Example of frequency hopping alignment for PUSCH with different durations
For different UEs with different PUSCH duration while starting with the same PRB, hopping boundary need to be aligned to avoid resource fragmentation. As shown in the example in Figure 9, the frequency hopping boundary is determined based on PUSCH duration/start symbol of PUSCH. The remaining resources in UL resources can be used for other purposes, e.g. short PUSCH/PUCCH or SRS, etc.

Proposal 14: For different users with different PUSCH duration/start position, hopping boundary should be aligned.
· Determination of frequency hopping boundaries
During the previous meetings, there were intensive discussions about frequency hopping boundary for long PUCCH. Similar to frequency hopping for PUCCH, there are two different alternatives for hopping point of PUSCH.

· Alt. 1: flexible frequency hopping point and relative to PUSCH.

· Alt. 2: fixed frequency hopping point and relative to slot.

For Alt. 1, it is flexible to multiplex different PUSCHs with different durations or different signal, e.g. mini-slot based PUSCH or SRS transmission. In that case, frequency hopping point of a PUSCH needs to be determined dynamically according to the starting/ending symbol and transmission duration. However, from the network perspective, the scheduling and resource allocation for PUSCH of different UEs could be more difficult. Since the hopping point for a PUSCH is very flexible, alignment of PUSCH with different durations can be not achieved when hopping boundary is around the middle of PUSCH. For Alt. 2, it is simpler that LTE concept is reused where the hopping point is common across all the UEs within the slot. However, it puts limitations on the PUSCH resource allocation in time domain, e.g. a PUSCH transmission starts later than the common hoping point cannot enjoy the hoping gain. 
To harvest the frequency hopping gain, it is beneficial to flexibly determine the frequency hopping point to multiplex transmissions with different durations. Therefore, a set of frequency hopping points can be configured by RRC. In the UL grant, the actual frequency hopping point is indicated to UE. Alternatively, UE could determine the actual hopping point among the RRC configured set of hopping points, according to a specified rule, e.g. select the hopping point which is closest to the middle of long PUCCH transmission. 
Proposal 15: For PUSCH with frequency hopping, a set of hopping points relative to the slot can be configured and the actual hopping point is determined by DCI indication or a predefined rule.
4. Conclusion

In this contribution, we discussed design and related procedure for UL transmission with or without grant. The proposals are summarized below.
Remaining issues on UL grant-free transmission,

Proposal 1: Multiple configurations of type 1 UL grant-free Tx can be configured to a UE for a serving cell, at least for different services.
Proposal 2: For a TB of UL grant-free transmission, K repetitions including initial transmission are mapped to a resource.
Proposal 3: Flexible starting occasion for initial transmission for UL grant-free transmission with repetition is supported.
Proposal 4: Initial transmission and repetitions of a TB are differentiated by different transmission frequency resources and/or RS sequences.
Proposal 5: For type 2 UL grant-free transmission, repetition number K is configured by a combination of RRC and L1 activation signaling.
Proposal 6: Shared HARQ processes for UL grant-free transmission and dynamic grant-based transmission are supported.
Proposal 7: HARQ process ID associated with frequency/RS resource is supported for UL grant-free transmission.
Proposal 8:
· No explicit HARQ-ACK feedback is supported for UL GF in Rel-15.

· UE assumes ACK if no NACK is indicated after expiration of a timer/period which is up to RAN2 discussion.

Proposal 9: At least for type 1, UL grant-free resources can be configured per BWP.
Proposal 10: For a UE multiplexing of grant-based and grant-free transmission, priority rules of grant-based and grant-free transmission should be defined considering the requirements of service.
· UL grant-free transmission is prioritized when grant-free resources has higher LCP over grant-based resources.
Proposal 11: UCI piggyback on PUSCH of UL grant-free transmission is supported.
Priority rules of UCI piggybacked on PUSCH of UL grant-free transmission need to be defined.
Proposal 12:
· For grant-based transmission, multiple mini-slots for repetitions of the TB are allowed within a slot.

· For UL grant-free transmission, multiple repetitions of the TB over multiple mini-slots per slot is supported.

For UL frequency hopping, 

Proposal 13: For a UE, frequency hopping bandwidth is within its active UL BWP.
· For a UE with UL transmission with grant, frequency hopping offset should be explicitly configured/indicated per BWP.
· For a UE with UL transmission without grant, frequency hopping is within the pre-configured resource(s).
Proposal 14: For different users with different PUSCH duration/start position, hopping boundary should be aligned.
Proposal 15: For PUSCH with frequency hopping, a set of hopping points relative to the slot can be configured and the actual hopping point is determined by DCI indication or a predefined rule.
 REF _Ref498524745 \h 
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