
3GPP TSG RAN WG1 Meeting #94bis

R1-1810397
Chengdu, China, October 8th – 12th, 2018 
Source:
vivo
Title:
Enhanced UL grant-free transmission for URLLC
Agenda Item:
7.2.6.3
Document for:
Discussion and Decision
1. Introduction 

In RAN1 #94, following agreements regarding enhanced UL grant-free transmission for URLLC were made. In this contribution, we discuss about multiple resource configuration, ensuring K repetitions, handling collision between grant-free and grant-based transmission and UCI multiplexing on grant-free transmission:

	Agreements:

· Study further whether/how multiple active configured grants for a BWP of a serving cell.

· Identify potential specification impacts and options for both type 1 and type 2

· At least Activation/deactivation mechanism for Type2

· E.g., whether each configuration is activated/deactivated or multiple configurations are activated/deactivated

· Study how to support repetitions with multiple configurations for a BWP of a serving cell

· FFS HARQ process ID determination for both type 1 and type 2

· FFS other specification impacts for both type 1 and type 2

· Study the performance impacts

Agreements:

· Study further whether/how on ensuring K repetitions.

· Study further on PUSCH repetitions within a slot for configured grant.


2. Discussion
2.1. Multiple resource configuration
In Rel.15, there were discussions on supporting of multiple resource configurations in a BWP. Although multiple resource configurations in a BWP are not supported in Rel.15, the motivations to introduce multiple resource configurations still hold, e.g. to support diverse services with different QoS requirements. In NR Rel.16, there are more motivations such that multiple resource configurations can be used to achieve low latency without compromising reliability requirements. Note that in Rel.15, a UE can only start transmission of a TB on the transmission occasion with RV=0, which results in large latency when RV sequence {0, 2, 3, 1} is adopted. For example, the starting offsets of different multiple resource configurations of configured grant can be non-aligned, thus enabling flexible starting position according to the packet of URLLC arriving timing.
Observation 1: Multiple resource configurations can be configured with different starting offsets to enable flexible starting position for URLLC traffic.

In addition to configuring different starting offsets to enable flexible starting position, different resources or parameters can be allocated for different resource configurations as follows, e.g. to adapt to different services, or different TBS, etc.
· Time resource allocation
· Frequency resource allocation
· MCS table and/or MCS level
· Periodicity
· DMRS configuration/sequence
· RV sequence

· Power control parameters

Regarding activation/deactivation for the case of type 2 configured grant with multiple resource configurations, each resource configuration can be activated or deactivated via DCI. A DCI can be used for activation for one or multiple resource configurations. Further discussion on how to activate or deactivate multiple resource configurations is needed.
Proposal 1: Regarding activation/deactivation for the case of type 2 configured grant with multiple resource configurations, each resource configuration can be activated or deactivated via DCI.

· Supporting repetitions with multiple resource configurations

In Rel.15 configured grant, a UE transmits a TB with repetitions with the resources of a resource configuration. It is simple while the starting position or ending position of repetitions need to be restricted to differentiate initial transmission and repetitions at gNB side. This leads to either large latency or lower reliability for repetitions of a TB. With multiple resource configurations, it is possible to differentiate initial transmission and repetitions without sacrificing latency or reliability. More specifically, different resource configurations can be associated with initial transmission or repetitions. 

For repetitions with multiple resource configurations, there are different options as follows.
· Option 1: Repetitions of a TB are transmitted with a resource configuration

· Option 2: Repetitions of a TB are transmitted with multiple resource configurations

· A resource configuration is used for initial transmission, while repetitions are on the other resource configuration 
For either options, it is necessary to differentiate transmissions on different resource configurations. For example, different frequency domain resource allocations, or DMRS sequences with different cyclic shifts or OCCs can be adopted. 
For option 1, multiple resource configurations with different starting offsets can be adopted to support flexible starting position and ensuring K repetitions. Besides, HARQ ID determination based on Rel.15 configured grant can be reused. More details on HARQ process operation will be discussed later. The number of resource configurations is related to the number of repetitions, if flexible starting at any transmission occasion needs to be supported.
For option 2, initial transmission and repetitions transmission are differentiated by different resource configurations. Compared to option 1, smaller number of resource configurations would be needed to support K repetitions. In this case, UCI may be needed to be transmitted together with PUSCH indicating HARQ ID, to facilitate differentiation of different TBs at gNB.
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Figure 1: Example of repetitions with multiple resource configurations (option 1. Repetitions of a TB with a resource configuration)
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Figure 2: Example of repetitions with multiple resource configurations (option 2. repetitions of a TB with multiple resource configurations)
Proposal 2: For repetitions with multiple resource configurations, following options can be considered.

· Option 1: Repetitions of a TB are transmitted with a resource configuration

· Option 2: Repetitions of a TB are transmitted with multiple resource configurations

Proposal 3: Different frequency domain resource allocations, DMRS sequences with different cyclic shifts or OCCs, UCI transmitted with data, can be adopted to differentiate transmissions on different resource configurations. 
· HARQ process operation
In Rel.15 configured grant, number of HARQ processes is configured by RRC and HARQ ID is determined by the timing of transmission occasion. With multiple resource configurations, HARQ process operation could be different. The HARQ process number can be either related to resource configuration or non-related to resource configuration.
If HARQ process number is related to resource configuration, there are two different options

· Opt. 1: Each HARQ process is associated with an individual resource configuration
· Opt. 2: Multiple HARQ processes are associated with a resource configuration
For option 1, UE selects a resource configuration for transmission of a TB according to the packet arrival timing and the HARQ process ID is determined. At gNB side, HARQ ID is identified based on detection by resource configuration. Different resource configurations can be identified via frequency resource allocation, or DMRS sequence, as discussed above. The drawback is that there may be issue when the HARQ process number is occupied by grant-based transmission. In such case, larger latency may be caused.
For option 2, HARQ process pool is separated for different resource configurations. HARQ ID of a transmission with a certain resource configuration can be determined by the timing of transmission occasion, i.e. similar to Rel.15 configured grant. Alternatively, HARQ ID can be selected by UE and indicated by UCI transmitted with data. 
If HARQ process number is not related to resource configuration, HARQ ID determination dependent on timing of transmission occasion may result in ambiguity between gNB and UE. Therefore, removal of between HARQ ID determination and timing is needed. HARQ ID can be determined and selected by UE and be transmitted via UCI.
Proposal 4: For multiple resource configurations, HARQ process number is related to resource configuration

· Opt. 1: Each HARQ process is associated with an individual resource configuration

· Opt. 2: Multiple HARQ processes are associated with a resource configuration

2.2. Ensuring K repetitions for UL grant-free
For URLLC traffic, both low latency and high reliability need to be satisfied. Therefore, it is important for a UE to start the transmission for a TB at any transmission occasion and ensure K repetitions regardless of the starting transmission occasion. This means flexible starting occasion for a TB should be supported. Two possible methods can be applied to ensure K repetitions regardless of starting timing of transmission occasion as follows.

· Option 1: Support K repetitions across period P bundle

· Option 2: Multiple resource configurations with different starting offsets 

As for option 1, K repetitions across period P is allowed, when transmission occasions within a period are not sufficient for K repetitions. In such case, K repetitions are across period P bundle, which is different from that in Rel.15 configured grant. UE may start an initial transmission at any transmission and cross period P bundle to ensure K repetitions, depending on the packet of URLLC arriving timing. For option 1, removal of dependence of HARQ ID on timing is needed. HARQ ID can be determined and selected by UE and be transmitted via control information, e.g. UCI, which is separately encoded from data. Therefore, gNB can decode the UCI and acquire HARQ ID before decode the data part. 
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Figure 3: Example of K repetitions across period P and removal of timing to HARQ process ID
Due to flexible starting occasion, it may be difficult for gNB to identify the initial transmission of K repetitions. Especially when part of the K repetitions could be missed at gNB side, gNB may not be aware that which repetitions need to be combined. Therefore, indication of initial transmission and repetitions could be useful. NDI is used to differentiate initial transmission and retransmission for dynamic grant. Similarly, NDI can be used for grant-free transmission and indicated via UCI such that gNB can identify the initial transmission of K repetitions from UCI.

UE can be configured with RV sequences for K repetitions. In Rel. 15, RV is associated with the transmission occasions within period. Thus, gNB can identify RV from the transmission occasion where UL data are transmitted. As discussed above, flexible starting occasion is needed for URLLC. Therefore, it is not necessary to associate RV sequences with transmission occasion any more. There may be issue that gNB may need to blindly detect the UL data if RV information is not acquired at gNB. To reduce the detection complexity, RV can be indicated by UCI. 

For UCI on grant-free transmission, either puncturing or rate-matching can be used for UCI mapping on PUSCH. Considering the payload of UCI, rate-matching with PUSCH is preferred. When K repetitions are adopted, UCI needs to be mapped to each repetition. Since gNB needs to combine the K repetitions, the code rate of K repetitions should be kept the same. 

For option 2, K repetitions are ensured by using multiple resource configurations, where different resource configurations are configured with different starting offsets, as described in Figure 1 section 2.1. For example, UE starts an initial transmission at the first transmission occasion of a resource configuration and K repetitions are ensured within a period P, where the resource configuration with shortest latency is selected, according to the packet arrival timing. Different DMRS configurations/sequences, and/or frequency resources are allocated for multiple resource configurations, for differentiation of different resource configurations.
Proposal 5: To ensure K repetitions following options are considered.

· Option 1: Support K repetitions across period P bundle

· Option 2: Multiple resource configurations with different starting offsets
Proposal 6: For K repetitions across period bundle, 
· HARQ ID is determined by UE and grant-free UCI including HARQ ID is transmitted together with data.

· NDI is included in grant-free UCI to differentiate initial transmission and repetitions.

· RV sequence is not associated with the transmission occasion, and RV is included in grant-free UCI.

· UCI is multiplexed onto each repetition.

2.3. PUSCH repetitions within a slot for configured grant 

In Rel-15, PUSCH repetitions across multiple slots are specified, which is beneficial for cell-edge or power-limited UEs. Considering stringent latency constraint, non-slot based PUSCH transmission maybe baseline. Non-slot based PUSCH transmission within a slot can provide multiple opportunities in one slot which can reduce the latency. From the reliability perspective, PUSCH repetition can improve the reliability. PUSCH repetition across multiple mini slots can be supported for URLLC service. To ensure the reliability and latency requirements, mini-slot PUSCH repetitions within a slot or across slots should be supported.
Proposal 7: For mini-slot based transmission, repetition transmission across multiple mini-slots within/across slot(s) should be supported for latency reduction.
Within a slot, UE can be indicated the time-domain resources for the repetition transmission. The flexible slot format is supported in NR and slot format can change frequently, thus signalling indication can be difficult. Alternatively, UE can derive the available time-domain resources by a predefined rule. For example, all available flexible and UL symbols can be used as repetition, details can be future investigated. 

PUSCH repetition across slot boundary can occur for URLLC UE. Especially for repetitions within a slot in TDD case, the flexible slot formats in NR may lead to limited UL symbol number. As shown in Figure 4, only three repetitions can be transmitted in slot n due to limited UL symbol number. To ensure the number of configured repetition, non-slot PUSCH repetitions across slots need to be supported. 

For a slot, the available flexible and UL symbols should be aware from UE perspective, which should preclude the symbols for DL to UL transition.        
Proposal 8: For the time-domain resource determination for non-slot based PUSCH repetition, two options can be investigated:

· Option 1: gNB indicates the time-domain resources in configured period

· Option 2: UEs derive the available time-domain resources by a predefined rule, details can be FFS.
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Figure 4: Example of mini-slot PUSCH repetitions across slot
Meanwhile, frequency hopping across mini-slots becomes significant especially for the case of PUSCH repetition. In this case, frequency hopping can provide the frequency diversity gain. Inter-slot and intra-slot hopping have been supported for slot-level scheduling. For URLLC, time-domain resource would be small. for hopping within one transmission, the frequency diversity gain is relative to several factors including mini-slot duration, transition time, etc. For example, the channel estimation accuracy and transition time would bring the negative impact on performance in the case of two symbols duration. Moreover, the additional DMRS also lead to the increased overhead.

For repetition within a slot, a simple hopping method is that hopping boundary depending on the number of repetition. In this case, frequency hopping across mini-slots is equivalent to intra-slot hopping for the slot-based transmission in some sense.  Moreover, slot boundary can be taken as a hopping point, which is similar to inter slot frequency hopping.  

In addition, for a UE, one mini-slot transmission of the repetitions across slot boundary is not preferred, which can be avoided by gNB configuration.   

Thus, the following suggestions are proposed.

Proposal 9: For mini-slot based transmission with repetition within a slot, frequency hopping across mini-slots can be considered for URLLC.

Proposal 10: Hopping point depending on the number of repetition can be supported. Slot boundary can be taken as a hopping point. One mini-slot transmission of the repetitions across slot boundary is not preferred.

2.4. Handling collision between grant-free and grant-based transmissions 

A UL transmission scheduled by UL grant may overlap in time with a grant-free resource on which UE intend to transmit URLLC UL. An examples is shown in Figure 5. Grant-free resources are configured for URLLC transmission to satisfy the latency and reliability requirements. After UL grant is received, a URLLC packet arrives. In this case, the UE behavior for handling the collision of dynamic grant scheduling and grant-free transmission should be defined. 
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Figure 5: Example of overlapping in time between scheduling-based UL and grant-free UL
In Rel.15, RAN2 made the agreement that the dynamic grant addressed to C-RNTI and CS-RNTI shall override the configured grant Type 1 or Type 2 for this transmission in case of overlap in time domain. According to the agreements, UE has to transmit the URLLC UL on the scheduled resources or postpone the URLLC UL to the next grant-free transmission occasion. If URLLC UL is transmitted on the scheduled UL resources, it may result in lower reliability for URLLC transmission since the scheduled UL resource may not be suitable for URLLC UL. If URLLC UL is postponed to the next grant-free transmission occasion, larger latency for URLLC transmission will be caused. Therefore, it is important to introduce mechanism to prioritize grant-free resource for URLLC transmission. 

In case of overlapping between grant-based transmission and grant-free transmission, UE transmits URLLC UL on grant-free resource when the grant-free resource has higher priority than the dynamic scheduled UL resource. To be more specific, the priority of grant-free resource and grant-based resource can be determined by the LCP, MCS table, or UL grant associated with grant-free resource and grant-based resource. 

When LCP is used, the priority is determined based on the association between LCP in MAC layer and the grant-free resource and grant-based resource in PHY layer. E.g. a LCP with mini-slot transmission duration and higher SCS for grant-free resources has higher priority than a LCP with slot-based transmission duration and lower SCS for grant-based resources. If a LCP is associated with multiple PHY resources, it may be difficult for MAC layer to determine which PHY resource to be used.
The priority can also be determined based on the PHY configuration or signaling. One alternative is based on the MCS table associated with grant-free transmission and grant-based transmission. In Rel.15, a new MCS table with lower MCS was introduced for 10-5 BLER target, which is used for URLLC transmission. In such case, if the new MCS table is configured for grant-free resource while grant-based resource is scheduled without using the new MCS table, UE can prioritize URLLC transmission on grant-free resources. Another alternative is based on the dynamic grant scheduling the grant-based resources. E.g. if compact DCI format is supported for URLLC, UE prioritizes grant-based resource for URLLC UL when grant-based resource is scheduled by compact DCI, otherwise UE prioritizes grant-free resource for URLLC UL.
Proposal 11: UE prioritizes URLLC UL in grant-free resource over grant-based resource, in case that grant-free resource has higher priority than grant-based resource.
· The priority can be determined by the signalling or configuration in PHY layer or LCP in MAC layer.

· For PHY layer, time/frequency resource, MCS, Tx power, SCS can be used to determine the priority
· For MAC layer, LCP priority is used

· UE cancels or drops the transmission on grant-based resource

3. Conclusion

In this contribution, we provide our views on enhancements of UL grant-free transmission to meet the latency and reliability requirements of URLLC. The proposals are summarized below.
Observation 1: Multiple resource configurations can be configured with different starting offsets to enable flexible starting position for URLLC traffic.
Proposal 1: Regarding activation/deactivation for the case of type 2 configured grant with multiple resource configurations, each resource configuration can be activated or deactivated via DCI.

Proposal 2: For repetitions with multiple resource configurations, following options can be considered.

· Option 1: Repetitions of a TB are transmitted with a resource configuration

· Option 2: Repetitions of a TB are transmitted with multiple resource configurations

Proposal 3: Different frequency domain resource allocations, DMRS sequences with different cyclic shifts or OCCs, UCI transmitted with data, can be adopted to differentiate transmissions on different resource configurations. 

Proposal 4: For multiple resource configurations, HARQ process number is related to resource configuration

· Opt. 1: Each HARQ process is associated with an individual resource configuration

· Opt. 2: Multiple HARQ processes are associated with a resource configuration

Proposal 5: To ensure K repetitions following options are considered.

· Option 1: Support K repetitions across period P bundle

· Option 2: Multiple resource configurations with different starting offsets
Proposal 6: For K repetitions across period bundle, 

· HARQ ID is determined by UE and grant-free UCI including HARQ ID is transmitted together with data.

· NDI is included in grant-free UCI to differentiate initial transmission and repetitions.

· RV sequence is not associated with the transmission occasion, and RV is included in grant-free UCI.

· UCI is multiplexed onto each repetition.

Proposal 7: For mini-slot based transmission, repetition transmission across multiple mini-slots within/across slot(s) should be supported for latency reduction.
Proposal 8: For the time-domain resource determination for non-slot based PUSCH repetition, two options can be investigated:

· Option 1: gNB indicates the time-domain resources in configured period

· Option 2: UEs derive the available time-domain resources by a predefined rule, details can be FFS.

Proposal 9: For mini-slot based transmission with repetition within a slot, frequency hopping across mini-slots can be considered for URLLC.

Proposal 10: Hopping point depending on the number of repetition can be supported. Slot boundary can be taken as a hopping point. One mini-slot transmission of the repetitions across slot boundary is not preferred.

Proposal 11: UE prioritizes URLLC UL in grant-free resource over grant-based resource, in case that grant-free resource has higher priority than grant-based resource.
· The priority can be determined by the signalling or configuration in PHY layer or LCP in MAC layer.

· For PHY layer, time/frequency resource, MCS, Tx power, SCS can be used to determine the priority
· For MAC layer, LCP priority is used

· UE cancels or drops the transmission on grant-based resource
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