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1. Introduction
At the RAN1#89 and NR Ad-hoc#2 meeting, following agreements on UL data transmission without grant were achieved [1] – [2]. 
	Agreements:
· If network configures, UL data transmission without UL grant can be performed after semi-static resource configuration in RRC without L1 signalling 
· If network configures, L1 signaling for activation/deactivation and/or modification on parameters for UL data transmission without UL grant can be applied
· RAN1 is discussing whether the mechanism to distinguish UL SPS and UL data transmission without UL grant is necessary.
· “semi-static resource configuration in RRC” agreed by R1-1709537 includes UE-specific semi-static configuration for RS.

Agreements:
· In addition to the RS parameters, time and frequency resource are configured in a UE-specific manner.
· Note: it is common understanding that the time and frequency resources configured for a UE may or may not collide with those for another UE (to be captured in the LS).
· WA: Both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
· NR supports more than 1 HARQ process for UL transmission without grant

Agreements:
· The same TA adjustment procedure/mechanism (including expiration of TA timer) is applied to UL transmission with and without UL grant
· For UL transmission without UL grant, 
· Open-loop power control based on pathloss estimate is supported.
· FFS: Closed-loop power control is supported, which is based on NW signaling.
· A UE shall not transmit anything on configured resources for UL transmission without UL grant when there is no transport block to transmit. 
· FFS: UCI piggybacking with transport block is supported for UL transmission without UL grant.

Agreements:
· RAN1 considers that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s). 
Agreements:
· Type of UL data transmission without grant
· Type 1: UL data transmission without grant is only based on RRC (re)configuration without any L1 signalling 
· Type 2: UL data transmission without grant is based on both RRC configuration and L1 signalling to activation/deactivation for UL data transmission without grant
· Note: functionality of modification is achieved the L1 signalling by activation
· Type 3: UL data transmission without grant is based on RRC configuration, and allows L1 signalling to modify some parameters configured by RRC but no L1 signalling for activation
· For UL data transmission without grant, type 1 and type 2 have already been agreed, FFS type 3. 
· FFS the reliability issues for L1 signalling.
· For Type 1 UL transmission without UL grant, the RRC (re-)configuration includes at least the following
· Periodicity and offset of a resource with respect to SFN=0 
· Time domain resource allocation 
· Frequency domain resource allocation 
· UE-specific DMRS configuration
· Note: 
· one TB is mapped to a resource at least consisting of time/frequency-domain resource
· RAN1 will not introduce specific resource allocation and DMRS configuration for UL data transmission without grant separate from UL data transmission with UL grant within the Rel.15 WI
· An MCS/TBS value
· Number of repetitions K
· Power control related parameters
· FFS HARQ related parameters
· FFS if multiple resources can be configured
· For Type 2 UL transmission without UL grant
· The RRC (re-) configuration for resource and parameters includes at least the following
· Periodicity of a resource
· Power control related parameters
· At least the following additional parameters for the resource are given by L1 signalling
· Offset associated with the periodicity with respect to a timing reference indicated by L1 signalling for activation
· FFS: the timing reference 
· Time domain resource allocation 
· Frequency domain resource allocation 
· UE-specific DMRS configuration
· An MCS/TBS value
· Note: 
· one TB is mapped to one resource 
· RAN1 will not introduce specific resource allocation and DMRS configuration for UL data transmission without grant separate from UL data transmission with UL grant within the Rel.15 WI
· FFS multiple resources can be configured
· FFS HARQ related parameters
· FFS whether number of repetitions K is configured by RRC signalling and/or indicated by L1 signalling



In addition, an LS [3] was approved to share the current RAN1 progress on UL data transmission without UL grant with RAN2. In this contribution, we present our views on the remaining issues for UL data transmission without UL grant.
2. Necessity of type 3 UL data transmission without grant 
At the last meeting, there was a discussion on the necessity of type 3 UL data transmission without grant. Type 1 transmission purely relies on RRC configuration; type 2 transmission requires both RRC configuration and L1 signalling. Type 3 can be seen as a middle between type 1 and type 2, in which the UL data without grant can be transmitted based on RRC configuration without L1 signalling for activation, but L1 signalling is allowed to modify some parameters configured by RRC. The original motivation for type 3 is to allow gNB to control/improve the network congestion situation; however, this motivation can be achieved by type 2. In addition, modifying RRC parameters by L1 signalling may increase the standardization efforts on both  RAN1 and RAN2 on , e.g., what parameters configured by RRC but can be modified by L1 signalling. Therefore, it is not necessary to support type 3 UL data transmission without grant. 
Proposal 1:
· For UL data transmission without grant, type 3 is not needed. 


3. Configuration for Type 1 and Type 2 UL data transmission without grant
3.1. Application of the configurations
In LTE, SPS is supported only on PCell (and PSCell for dual connectivity case) since the SPS is intended for low-rate and periodic services for which a single component carrier is sufficient. However, unlike LTE, in NR, from URLLC service perspective, the requirements range varies in terms of latency and reliability; from the system perspective, NR probably supports different numerologies for different carriers in case of CA and supports multiple numerologies even for a single carrier. Therefore, NR should enable to configure the resources for UL data transmission without UL grant on any cells in case of uplink carrier aggregation. 
For a given carrier, it is also beneficial to configure more than one resource configurations targeting for the services with different latency/reliability requirements. For example, one UL data transmission without grant configuration with repetition can be used for services with tight reliability and relatively loose latency requirements; while the other UL data transmission without grant configuration without repetitions can be used for services with strict latency and relatively low reliability requirements. Another example is that one configuration is for URLLC service, while the other configuration is for voice service.

Proposal 2:
· UL data transmission without UL grant can be configured for any cell, in case of uplink carrier aggregation or dual connectivity.
· It is beneficial to support more than one UL data transmission without UL grant configurations for a single carrier, targeting for services with different latency and reliability requirements.  
3.2. Multiple resources
One remaining issue for Type 1 and Type 2 UL data transmission without grant is the configurations for multiple resources. Following three options can be considered.
· Option 1: Multiple resources are configured by RRC or indicated by L1 signalling with the same periodicity. The offsets between these resources are flexible. Repetitions are performed over the resources.
· Option 2: One resource is configured by RRC or indicated by L1 signalling with a certain periodicity. Repetitions are performed over the multiple consecutive available slots/mini-slots, with the configured resource as the starting resource for the repetition.
· Option 3: One resource is configured by RRC or indicated by L1 signalling with a certain periodicity. Repetitions are performed over multiple of the configured resource.   
Figure 1 gives an example for the three options. As observed, Option 1 requires large signalling overhead for RRC or L1 signalling. Option 3 results in longer delay unless periodicity for the resource is configured small. Option 2 can achieve both short latency and small signalling overhead, hence it is the preferred option.
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[image: ]
(b). Option 2

[image: ]
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Figure 1. Multiple resources configuration/indication
Proposal 3:
· Regarding the formation of multiple resources,
· For Type 1 UL data transmission without UL grant, one resource configured by RRC is the starting resource for the repetition, and repetitions over multiple resources is performed over the consecutive available slots/mini-slots.
· For Type 2 UL data transmission without UL grant, one resource indicated by L1 signalling is the starting resource for the repetition, and repetitions over multiple resources is performed ovre the consecutive available slots/mini-slots. 
As already agreed, repetition is supported for both UL data transmission without grant and with grant. Type 2 UL data transmission without grant needs L1 signalling. Therefore, it is beneficial that multiple resources allocation for repetition in time domain is common for type 2 UL data transmission without grant and UL data transmission with grant. Also, for Type 2 UL data transmission without UL grant, whether the number of repetitions K is configured by RRC signalling or indicated by L1 signalling or by a combination of RRC and L1 signalling depends on the decision made for UL data transmission with grant.
Proposal 4:
· For Type 2 UL data transmission without UL grant, whether the number of repetitions K is configured by RRC signalling or indicated by L1 signalling or by a combination of RRC and L1 signalling depends on the decision made for UL data transmission with grant.
4. General procedures
4.1.1. UE identification
It was agreed at the last meeting that RAN1 considers that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s) and it is common understanding that the time and frequency resources configured for a UE may or may not collide with those for another UE. There is a concern that gNB may fail to receive the UL data transmission without grant with a certain probability due to collisions, interference, noise, etc. Following two cases where the gNB fails to receive the UL data transmission without grant need to be considered: case 1 is gNB fails to identify there is a data, and case 2 is that gNB notices there is a data, but fails to decode it. 
For case 1, re-transmission needs to be triggered by the UE side. In order to reduce the probability of event (1), design for UL data transmission without grant should ensure sufficiently low data-to-DTX error probability. If RS associated with the UL data transmission without grant is used to identify the presence of UL data without grant, the RS detection probability is the data-to-DTX error probability. In order to reduce the error probability, increasing RS density within the transmission, or repeating the UL data transmission without grant (including RS) would be promising. Support of repetition for UL data transmission without grant was already agreed. Further investigation is necessary on what RS density per transmission is required. Other options without relying on RS can also be considered (e.g., power detection of data part). 
For case 2, there are two sub-cases need to be further considered. Case 2-1 is that the gNB identifies the exact UE who transmits the data by RS sequence/resource, in which case the gNB should send the UL grant to this UE to trigger re-transmission; there is no reason to let the UE to continue the transmission without UL grant. Case 2-2 is gNB cannot identify the exact UE; this happens if multiple UEs sharing the same RS sequence/resource, but gNB identifies there is UL data transmission without grant. In this case, the gNB can send UL grants to the possible UEs sharing the same RS to schedule re-transmission of these UEs on different resources in time/frequency/space. Then the UE(s) having data in their buffer transmits UL data (otherwise the UE will skip). In this case, the actual transmitting UE is identified without collision. For both sub-cases, we consider the re-transmission should be scheduled by UL grant as long as gNB notices there is UL data transmission without grant. By using UL grant, gNB can control the scheduled resources and link-adaptation parameters. As shown in Figure 2, by scheduling re-transmission on the resources out of the reserved resources for UL data transmission without grant, the probability of collision can be reduced (or zero) and the optimized scheduling information adapting to the UE’s current channel conditions can be achieved. Especially when the eMBB and URLLC share the same carrier, it is quite important to keep the spectral efficiency as high as possible, so that high throughput can be guaranteed for eMBB. For this, the amount of reserved resources for possible UL data transmission without grant should be minimized. Therefore, the use of UL data transmission without grant should be limited to the initial transmission, and re-transmission should be scheduled/controlled by gNB in UL grant-based manner.
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Figure. 2 Re-transmission for UL data without UL grant.
UL data transmission without grant is not necessarily limited to the URLLC use-case. For example, this can be used for eMBB latency reduction. Especially for eMBB latency reduction, there would be a large amount of traffic in the UE uplink buffer and hence, single UL data transmission without grant would not be enough. Even for URLLC type of services, it may be necessary to transmit large number of packets for some use-cases. Therefore, if the transmission is continuously done by UL data transmission without grant, the resource efficiency will be worse; in order to avoid this, UL data transmission without grant should be limited to the very first transmission, and following UL transmissions should be able to be scheduled/controlled by the gNB. UL data transmission without grant should be able to include at least BSR type of information, such that the gNB can start dynamic scheduling based on UL grants smoothly.
Proposal 5:
· Support two types of re-transmission for UL grant-free data.
· Re-transmission scheduled by an UL grant.
· Aim to realize HARQ combining for decoding failure case.
· Re-transmission triggered by the UE.
· Aim to resolve data-to-DTX error case.
4.1.2. Repetition construction
Regarding K repetitions for UL transmission with and without grant, current decision on the K repetitions is not clear enough, and following two alternatives can be considered. The clarification should be done taking into account reliability of data detection, resource efficiency, latency, and so on.
Alt.1: The number of repetitions K is the number of “resources” for repetition. In this case, the number of real UL data transmission without grant is probably less than the K due to the misalignment of traffic arrival and the occurrence of the reserved/indicated resource or due to the collision on the reserved/indicated resources for UL data transmission without grant.
Alt.2: The number of repetitions K is the number of “actual transmissions” for repetition. In this case, if any collision happens on the reserved/indicated resources, postpone the UL data transmission without grant to next reserved/indicated resource until the number of repetitions reaches the K or receiving L1 signalling to stop current UL data transmission without grant.
Proposal 6:
· Clarify the meaning of K repetitions for a TB transmission with/without grant.
· Alt.1: The number of repetitions K is the number of “resources” for repetition. In this case, the number of real UL data transmission is probably less than the K due to the misalignment of traffic arrival and the occurrence of the reserved/indicated resource or due to the collision on the reserved/indicated resources for UL data transmission.
· Alt.2: The number of repetitions K is the number of “actual transmissions” for repetition. In this case, if any collision happens on the reserved resources, postpone the UL grant free transmission to next reserved/indicated resource until the number of repetitions reaches the K or receive L1 signalling to stop current UL data transmission.

5. L1 signalling for Type 2 UL data transmission without grant
5.1. Reliability for the L1 signalling
It was agreed that a UE shall not transmit anything on configured resources for UL transmission without UL grant when there is no transport block to transmit. Therefore, for Type 2 UL data transmission without grant which needs L1 signalling, if the UE does not transmit on the first indicated resource after L1 signaling, gNB cannot distinguish whether the L1 signalling for activation/modification is missed or the case where the UE has no UL data to transmit. Therefore, the acknowledgement for L1 signalling is necessary to inform gNB whether it is correctly received the L1 signalling for Type 2 UL data transmission without UL grant. Following alternatives can be considered.
· Alt.1: The acknowledgement is MAC CE on the PUSCH.
· Alt.2: The acknowledgement is SRS.
· Alt.3: The acknowledgement is HARQ-ACK or SR transmitted by PUCCH.
Alt.1 is used in current Rel.14 LTE SPS with UL transmission skipping. There are two reasons for using MAC CE instead of physical layer signalling as acknowledgement in Rel.14 LTE SPS. Firstly, it is difficult to use physical layer ACK as confirmation of UL SPS (de)activation because there is no mechanism to send ACK on PUCCH in response to the L1 signalling (i.e., an UL grant). Secondly, introduction of physical layer signalling to enable ACK from the UE for L1 signalling for UL SPS would impact RAN1, which is out the scope of the WI on L2 latency reduction techniques for LTE [4]. However, for NR, it makes sense and fair to consider all alternatives for the acknowledgement. Compared with Alt. 2 and Alt. 3, the benefit of Alt. 1 is less design efforts while the delay for the acknowledgement cannot be ensured. Alt. 2 has additional benefit to help gNB estimate the uplink channel conditions while the reliability/performance needs further study. 
Proposal 7:
· For Type 2 UL data transmission without UL grant, the acknowledgement for L1 signalling should be supported. Following three alternatives can be considered:
· Alt.1: The acknowledgement is MAC CE on the PUSCH.
· Alt.2: The acknowledgement is SRS.
· Alt.3: The acknowledgement is HARQ-ACK or SR transmitted by PUCCH.
5.2. Usage of the L1 signalling
The advantage of Type 2 UL data transmission without UL grant is it allows L1 signalling to adjust the transmission parameters to adapt the channel conditions and control the collision probabilities. The L1 signalling can be a PDCCH, similar to the activation/deactivation signalling used for LTE UL SPS. In addition, there is also a discussion on whether and how to support an acknowledgement/indication of successful receiving of the TB from gNB. As discussed in section 4.1.1, we consider the use of UL data transmission without grant should be limited to the initial transmission. As long as gNB identifies the UL data transmission without grant, the next new or re-transmission should be scheduled by UL grant. As for early termination of the repetitions by indicating ACK, the benefits are not clear yet. However, if the acknowledgement is supported, it is not preferred to introduce a new physical channel like PHICH channel in LTE considering the overhead and specification efforts. Still the PDCCH can be a good candidate to carry the acknowledgement information. In LTE UL SPS, the design for PDCCH used for deactivation or activation which includes the modification can serve as a good starting point. In addition, it is beneficial to communalize the fields contained in the L1 signalling used for Type 2 UL data transmission without grant and UL data transmission with grant.
Proposal 8:
· It is beneficial to communalize the fields contained in the L1 signalling used for Type 2 UL data transmission without grant and UL data transmission with grant.
· The design of L1 signalling for (de)activation/modification for NR Type 2 UL data transmission without grant can take L1 signalling used for LTE UL SPS as starting point. 
At the last RAN1 meeting, it was agreed that for type 2, L1 signalling can indicate the offset associated with the periodicity with respect to a timing reference for activation. However, the timing reference is still FFS. In LTE UL SPS in FDD system, the offset is 4 subframes between the L1 signalling and the start of the UL SPS transmission, the timing reference is the subframe where the L1 signalling is received. In NR, the starting position and the transmission duration for UL data is flexible, hence following options can be considered for the offset indication and timing reference, Figure 3 gives an example.
Option 1: The offset is represented by the number of symbols between L1 signaling and the starting symbol of the resource configured for UL data transmission without grant with periodicity P. The timing reference is the last/first symbol where the L1 signalling is received.
Option 2: The offset is represented by the number of symbols between a certain reference timing (e.g., radio frame starting timing, subframe starting timing, specific slot starting timing) and the starting symbol of the resource configured for UL data transmission without grant with periodicity P.
Option 3: The offset is represented by the combination of the number of slots and the number of symbols between L1 signaling and the starting symbol of the resource configured for UL data transmission without grant with periodicity P. The timing reference is the slot where the L1 signalling is received.
Option 4:  The offset is represented by the combination of the number of slots and the number of symbols between a certain reference timing (e.g., radio frame starting timing, subframe starting timing, specific slot starting timing) and the starting symbol of the resource configured for UL data transmission without grant with periodicity P.
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Figure 3: Options for timing offset between L1 signalling and resource for UL data transmission without grant

Option 3 or Option 4 is preferred from the signalling overhead perspective.
As already discussed that communalizing the fields contained in the L1 signalling used for Type 2 UL data transmission without grant and UL data transmission with grant is beneficial. It is suggested that also for UL data transmission with grant, above options can be considered.
Proposal 9:
· For both UL data transmission with UL grant and Type 2 UL data transmission without grant, following options can be considered for the offset indication between the L1 signalling and the resource for UL data transmission.
· Option 3: The offset is represented by the combination of the number of slots and the number of symbols between L1 signaling and the starting symbol of the resource configured for UL data transmission without grant with periodicity P. The timing reference is the slot where the L1 signalling is received.
· Option 4:  The offset is represented by the combination of the number of slots and the number of symbols between a certain reference timing (e.g., radio frame starting timing, subframe starting timing, specific slot starting timing) and the starting symbol of the resource configured for UL data transmission without grant with periodicity P.
6. Other remaining issues
Other remaining issues are the waveform used for UL data transmission without grant, support of closed-loop power control, and whether UCI piggybacking with transport block is supported for UL transmission without UL grant.
For the waveform, the WA made at the last RAN1 meeting that both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant should be confirmed.
It is beneficial to support the closed-loop power control also for UL data transmission without grant. If the TPC command can be supported by group common PDCCH similar as in LTE DCI format 3/3A, then it can be applied to both Type 1 and Type 2 UL data transmission without grant. In addition, for Type 2, TPC command can be carried by the L1 signalling for activation/modification. 
Regarding UCI piggybacking with transport block for UL transmission without UL grant, it should be supported to maintain the single carrier property. 
Proposal 10:
· Confirm the WA that both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
Proposal 11:
· Closed-loop power control should be supported at least for Type 2 UL transmission without UL grant.
· The TPC command should be included in L1 signalling used for activation/deactivation.
· If the group common PDCCH supports TPC command, it can be applied to both Type 1 and Type 2 UL transmission without UL grant.
Proposal 12:
· UCI piggybacking with transport block is supported for UL transmission without UL grant.

7. Conclusion
In this contribution, we discussed UL data transmission without grant and proposed the following.
Proposal 1:
· For UL data transmission without grant, type 3 is not needed. 
Proposal 2:
· UL data transmission without UL grant can be configured for any cell, in case of uplink carrier aggregation or dual connectivity.
· It is beneficial to support more than one UL data transmission without UL grant configurations for a single carrier, targeting for services with different latency and reliability requirements.
Proposal 3:
· Regarding the formation of multiple resources,
· For Type 1 UL data transmission without UL grant, one resource configured by RRC is the starting resource for the repetition, and repetitions over multiple resources is performed over the consecutive available slots/mini-slots.
· For Type 2 UL data transmission without UL grant, one resource indicated by L1 signalling is the starting resource for the repetition, and repetitions over multiple resources is performed ovre the consecutive available slots/mini-slots. 
·  
Proposal 4:
· For Type 2 UL data transmission without UL grant, whether the number of repetitions K is configured by RRC signalling or indicated by L1 signalling or by a combination of RRC and L1 signalling depends on the decision made for UL data transmission with grant.
Proposal 5:
· Support two types of re-transmission for UL grant-free data.
· Re-transmission scheduled by an UL grant.
· Aim to realize HARQ combining for decoding failure case.
· Re-transmission triggered by the UE.
· Aim to resolve data-to-DTX error case.
Proposal 6:
· Clarify the meaning of K repetitions for a TB transmission with/without grant.
· Alt.1: The number of repetitions K is the number of “resources” for repetition. In this case, the number of real UL data transmission is probably less than the K due to the misalignment of traffic arrival and the occurrence of the reserved/indicated resource or due to the collision on the reserved/indicated resources for UL data transmission.
· Alt.2: The number of repetitions K is the number of “actual transmissions” for repetition. In this case, if any collision happens on the reserved resources, postpone the UL grant free transmission to next reserved/indicated resource until the number of repetitions reaches the K or receive L1 signalling to stop current UL data transmission.
Proposal 7:
· For Type 2 UL data transmission without UL grant, the acknowledgement for L1 signalling should be supported. Following three alternatives can be considered:
· Alt.1: The acknowledgement is MAC CE on the PUSCH.
· Alt.2: The acknowledgement is SRS.
· Alt.3: The acknowledgement is HARQ-ACK or SR transmitted by PUCCH.
Proposal 8:
· It is beneficial to communalize the fields contained in the L1 signalling used for Type 2 UL data transmission without grant and UL data transmission with grant.
· The design of L1 signalling for (de)activation/modification for NR Type 2 UL data transmission without grant can take L1 signalling used for LTE UL SPS as starting point. 
Proposal 9:
· For both UL data transmission with UL grant and Type 2 UL data transmission without grant, following options can be considered for the offset indication between the L1 signalling and the resource for UL data transmission.
· Option 3: The offset is represented by the combination of the number of slots and the number of symbols between L1 signaling and the starting symbol of the resource configured for UL data transmission without grant with periodicity P. The timing reference is the slot where the L1 signalling is received.
· Option 4:  The offset is represented by the combination of the number of slots and the number of symbols between a certain reference timing (e.g., radio frame starting timing, subframe starting timing, specific slot starting timing) and the starting symbol of the resource configured for UL data transmission without grant with periodicity P.
Proposal 10:
· Confirm the WA that both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
Proposal 11:
· Closed-loop power control should be supported at least for Type 2 UL transmission without UL grant.
· The TPC command should be included in L1 signalling used for activation/deactivation.
· If the group common PDCCH supports TPC command, it can be applied to both Type 1 and Type 2 UL transmission without UL grant.
Proposal 12:
· UCI piggybacking with transport block is supported for UL transmission without UL grant.
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