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1. Introduction
At the RAN1 NR AH #2 meeting [1], the following agreements regarding UL transmission without grant were achieved for UL URLLC:

· 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
· 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.
· 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 this contribution, we provide our views on the remaining issues for design of UL grant-free transmission, such as resource configuration for Type 1/2 grant-free, power control and HARQ related design. 
2. Discussion
· Multiple resources

According to the agreements in [1], a UE is configured with a grant-free resource consisting of time and frequency resources, periodicity, DMRS configuration, etc. for type 1 or type 2 grant-free transmission by RRC signaling or L1 signaling. It should be noted that the same time and frequency resources can be configured for more than one UE, which has the advantages of resource utilization improvement. However, different transmissions from multiple UEs may collide with each other if the same resources are used. In order to improve the transmission reliability, a UE can be configured with repetition transmission with number of K, K >=1, for grant-free data transmission. If a data transmission with repetition from one UE collide with that from another UE, the collision may exist for the subsequent repetition transmissions. 
For multiple grant-free resources, there are two options for a TB transmission as follows.
· Opt. 1: a grant-free resource is associated with a TB transmission

· Opt. 2: multiple grant-free resources are associated with a TB transmission

The collision can be relaxed by configuring multiple grant-free resources for UEs. In case of opt. 1, a UE can select one of the configured grant-free resources for a TB transmission. Alternatively, for opt. 2, a UE can transmit a TB on the configured multiple grant-free resources, e.g. using hopping, which can reduce the collision probability for repetition transmissions. 

If repetition transmission is configured, it is difficult for gNB to identify the initial transmission and repetition transmissions from a HARQ process. It is reasonable to implicitly indicate the initial transmission. For implicit indication, the initial transmission can be implicitly implied by RS or grant-free resources. If RS configuration is used, different RS is adopted for initial transmission and repetition transmissions. However, it may have impact on the RS capacity for UE identification. Another method is to imply the data initial transmission by the grant-free resources. A TB with repetition of a UE is transmitted in one or multiple corresponding grant-free resources, while another TB can be transmitted in the different corresponding resource(s). Therefore, data transmissions detected in the corresponding resource(s) can be identified as repetition transmissions of a TB, which benefits decoding performance from combing multiple transmissions at gNB side.

In addition, gNB may miss the detection of some of transmissions during repetition because, for example, poor channel condition or collision of UE identification. If multiple TBs from multiple HARQ processes are transmitted in one grant-free resource, gNB is not able to distinguish the repetition transmissions from different HARQ processes. In result, gNB cannot perform signal combining for the repetition transmission to improve the decoding performance. For multiple grant-free resources, each of grant-free resource can be related to one HARQ process. In this case, different transmissions from different HARQ processes can be implied by the corresponding grant-free resources. If large number of HARQ processes are supported, each of the grant-free resource may be associated with more than one HARQ processes. Similar to one grant-free resource case, different transmissions from multiple HARQ processes are difficult to be distinguished. In this case, control information including the indication can be used for grant-free transmission. Signaling overhead and dedicated/shared resources for such control information are needed. Besides, transmission of such control related information needs to be reliable. Control information piggybacked on the data transmission can be further considered.
Proposal 1:

· Multiple resources can be configured to a UE.

· To reduce collision probability, data transmission with repetition of a UE can be transmitted in one of the grant-free resources, or hopped in multiple grant-free resources.

Proposal 2:

· Further discussion is needed that control information is transmitted along with grant-free transmission.

To further achieve frequency diversity, comb-like resource configuration can be considered for UL grant-free transmission. For example, in Figure 1, each of the grant-free resource is spanned on the total resources of bandwidth in a comb-like manner.
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Figure 1: Examples of comb-like resource configuration for UL grant-free transmission

Proposal 3: 
· To achieve time/frequency diversity, comb-like resource configuration can be considered for UL grant-free transmission
· Power control:

UL power control is important for power saving and inter-cell interference handling. In LTE, UL power control is combined with an open-loop mechanism and a closed-loop mechanism. For UL grant-free transmission, open loop power control based on pathloss estimation is supported, where the power control related parameters are configured by RRC configuration. Given that URLLC data transmission on grant-free resources require very low latency, a different numerology from LTE or shorter transmission durations are used. Considering the different requirements of URLLC and eMBB data transmission, different power control related parameters for grant-free transmission from those for grant-based transmission can be considered. Detailed discussions on UL power control can refer to our companion contribution [2].
It is still not accurate to determine the transmit power based on open-loop power control only due to the channel variation and interference variation. The closed-loop power control mechanism implies that network can directly adjust the device transmit power by explicit power control commands, which are determined based on prior measurements of the UL received power. For grant-free transmission, a power-control command can be included in the UE-specific DCI. Power-control commands can also be provided on a special PDCCH that simultaneously provides power-control commands to a group of UEs (similar to LTE PDCCH using DCI format 3/3A).
Proposal 4:

· Different power control related parameters for grant-free transmission from those for grant-based transmission can be considered.
· Closed-loop power control is supported for grant-free transmission.
· HARQ-ACK feedback

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, some proposed that ACK is indicated to UE. The ACK indication can be transmitted by a UE-specific DCI or group-common DCI. Also, an early ACK feedback is proposed to be used for early termination to avoid redundant repetition transmissions. 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. Alternatively, 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, it should be noted that whether and how to transmit a HARQ-ACK by a group common DCI depends on the discussion of group common PDCCH design. 

Proposal 5:
· Further discussion on ACK feedback for grant-free transmission is needed.

· L1 signaling reliability

According to the agreements, L1 signaling is used for activation/deactivation for type 2 grant-free transmission. It should be noted that the indication of activation/deactivation by L1 signaling may be missed by a UE due to the poor channel quality. In this case, a UE would transmit UL grant-free data using the improper resources, which results in false detection of data transmission at gNB side and unexpected interference to grant-free transmissions from other UEs.

Therefore, the reliability of L1 signaling needs to be considered. In legacy LTE SPS, L1 ACK/NACK implicit indication is transmitted when a L1 activation/deactivation signaling is received by UE. If uplink skipping is configured, it is not sufficient to feedback L1 ACK/NACK for activation/deactivation signaling because a UE may skip UL data transmission if UE buffer is empty. Therefore, SPS confirmation in MAC CE is supported for L1 activation/deactivation signaling. Similar to LTE UL SPS, HARQ-ACK or MCA CE confirmation for L1 signaling can be the baseline. Besides, as discussed in other agenda about how to improve PDCCH reliability, additional PDCCH reliability enhancement methods, e.g. PDCCH repetition can be considered.

Proposal 6: 

· Similar to LTE UL SPS, HARQ-ACK or MAC CE confirmation for L1 signaling can be the baseline. Further design of high reliability for PDCCH can be considered.
3. Conclusion
In this contribution, we discussed the remaining issues for design of UL grant-free transmission. The proposals are summarized below.
Proposal 1:

· Multiple resources can be configured to a UE.

· To reduce collision probability, data transmission with repetition of a UE can be transmitted in one of the grant-free resources, or hopped in multiple grant-free resources.

Proposal 2:

· Further discussion is needed that control information is transmitted along with grant-free transmission.

Proposal 3: 

· To achieve time/frequency diversity, comb-like resource configuration can be considered for UL grant-free transmission

Proposal 4:

· Different power control related parameters for grant-free transmission from those for grant-based transmission can be considered.

· Closed-loop power control is supported for grant-free transmission.

Proposal 5:
· Further discussion on ACK feedback for grant-free transmission is needed.

Proposal 6: 

· Similar to LTE UL SPS, HARQ-ACK or MCA CE confirmation for L1 signaling can be the baseline. Further design of high reliability for PDCCH can be considered.
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