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Introduction
In RAN1-NR#2, following agreements were made [1]:
	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 UxL 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
Agreements:
Both in DL and UL DMRS for CP-OFDM, only PN sequence is supported


In this contribution, we provide our views on the design of UL transmission without grant. Especially, we focus on HARQ process decision, grant-based retransmission, power control and different waveform for UL data transmission without grant. In addition, we also discuss potential issue on two different type of UL data transmission without grant.


UL waveform for UL data transmission without grant
In NR, a UE will support both of waveform, CP-OFDM and DFT-s-OFDM, for uplink data transmission. In earlier discussion, DFT-s-OFDM with ZC-sequence is considered as waveform for UL data transmission without grant. In our understanding, CP-OFDM with PN-sequence can also be supported for UL data transmission without grant. At this stage, the feasibility of UE identification using PN-sequence is not fully investigated yet. However, it is up to network decision that which of the parameter combinations is used for identifying UE. If it is not efficient to identify UE sharing a same resource with different PN-sequence, the network may perform UE identification only with time/frequency resource. In other words, UE multiplexing on the same resource can be reduced with PN sequence and CP-OFDM. So there is no reason not to support both of waveforms. DFT-s-OFDM can bring more coverage and CP-OFDM can be used for flexible UL resource allocation including frequency diversity. By supporting both of waveforms, network may choose waveforms depending on the scenarios.
Proposal 1: Confirm WA for that DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
For better UE identification performance with RS sequence, it is necessary for RS sequence to take more than a certain amount of resource. However, when traffic is tiny and sporadic, required resource for user data may be a smaller than resource for RS. In case, it can be considered that UL resources for RS sequence is shared among multiple resource configuration for UL data transmission without grant, while user data is associated with a certain resource configuration. 
Aspects of HARQ process
1.1. HARQ process ID indication
gNB would need to identify transport block to schedule possible retransmission for the failed transport block of UL transmission without grant and to support potential HARQ combining among the repetitions associated with the same transport block. In case of UL transmission with grant, UL grant could indicate transport block to be transmitted in terms of HARQ process ID. However, in case of UL data transmission without grant, it is necessary to define how to indicate HARQ process ID without grant. Followings are possible options for indication of HARQ process ID of UL data transmission without grant:
· Option 1: Implicit mapping of HARQ process ID with time resource index
· Option 2: Implicit mapping of HARQ process ID with frequency resource index
· Option 3: Implicit mapping of HARQ process ID with RS parameter
· Option 4: Explicit indication of HARQ process ID 
In Option 1, symbol number, mini-slot number, slot number, subframe number and/or system frame number (SFN) can be used to derive HARQ process ID. This approach can be similar to HARQ ID determination used in LTE SPS. However, in UL transmission without grant, some further consideration on repetition should be considered. For the repetition handling, two approaches can be considered. One approach is to restrict start slot or symbol or SFN for a new transmission where HARQ ID is determined based on the time information of the possible first transmission. To avoid potential latency to wait until the next opportunity for the new transmission when a new packet arrives after previous opportunity, another approach is to allow initial transmission starting at any time as long as the repetition can be completed before the next opportunity. When this is used, regardless of actual first transmission, HARQ ID would be determined based on the previous opportunity for the new transmission. In other words, between two opportunities of first transmission, only one HARQ process can be initiated. 
Alternatively, frequency-domain resource (e.g. RB index, resource set index for UL transmission without grant) can be used for HARQ process ID indication at the expense of excessive reserved resources for UL transmission without grant. With this approach, multiple frequency resources can be configured when multiple HARQ processes with UL transmission without grant is supported. 
In another approach, different RS parameters can be used to indicate HARQ process ID as in Option 3. Depending on the number of UEs transmitting UL transmission without grant, this approach may not increase time and frequency resources for UL transmission without grant. However, it may reduce the number of UE to be distinguished in the same time and frequency resources. Therefore, when the number of UEs transmitting UL transmission without grant is large, it could increase overall time-and-frequency resources reserved for UL transmission without grant. 
Alternatively, it can be considered that UE transmit HARQ process ID explicitly together with UL transmission without grant as in Option 4. For instance, UCI including HARQ process ID can be piggybacked on UL transmission without grant, or UE can transmit multi-bit SR including HARQ process ID together with UL transmission without grant. However, when HARQ process ID is mapped on PUSCH, it would be vulnerable to collision between UL transmissions without grant. Meanwhile, when separate channel is used to transmit HARQ process ID, overall signaling overhead could be excessive. 
Proposal 2: It is necessary to investigate on how to determine HARQ process ID of UL data transmission without grant. Considering repetition case where repetition may occur any time while the network may miss one or a few from the repetition, either separate resource for each HARQ process or some type of restriction in HARQ processes needs to be considered. 

1.2. Retransmission for Initial data transmission without grant
UL grant can schedule retransmission of UL transmission either with or without grant. Furthermore, UL transmission with and without grant support multiple HARQ processes. In this case, it is necessary to investigate how to handle HARQ process between UL transmission with and without grant. 
First approach is to share HARQ processes between two procedures. In this case, when HARQ process number for UL transmission without grant is determined by time/frequency resources, some resources for UL transmission without grant may not be used to avoid overlapping HARQ process ID between UL transmission with and without grant. To mitigate this, it can be considered to give priority to UL data transmission without grant or reserve some HARQ process for UL data transmission without grant.
Another approach is to separate HARQ process of UL transmission without grant from that of UL transmission with grant. In this case, it is necessary that UL grant scheduling retransmission of UL transmission without grant is distinguishable from other UL grants. For simplicity, UL grant scheduling retransmission of UL transmission without grant can be scrambled with different RNTI compared to other UL grants. When the UE receives UL grant on PDCCH, the UE can apply different interpretation according to CRC scrambled with different IDs.
In those point of view, either reserving HARQ process ID for UL transmission without grant or separated HARQ process is preferred. Meanwhile, it is beneficial to use different RNTI depending on uplink method in terms of design flexibility. For example, even if DCI has a same size, UE can apply different bit field interpretation according to CRC scrambled with different IDs. Considering that, option 2 is preferable to option 1.
Proposal 3: For UE using UL transmission without grant, gNB can use different CRC mask sequences for a UE to distinguish between UL grant for retransmission of UL transmission without grant and other UL grant. 
1.3. HARQ feedback for UL transmission without grant
Considering control overhead, it is not preferred to always reserve resources for HARQ-ACK feedback like PHICH-like channel. Specifically, when packet arrival rate is infrequent, resource reservation would be inefficient. In case of NACK state, UL grant scheduling retransmission for the same UE and TB can be used. Meanwhile, UL grant scheduling new data for the same UE can be used to indicate ACK. If UL skipping can be applied to UL data transmission with UL grant, UE does not need to transmit UL channel if it does not UL data to be transmitted. In case, HARQ-ACK feedback can be mapped with its associated UL data transmission without UL grant in a similar manner of the mapping rule between UL data transmission without and with UL grant. In some case, such as ACK-based termination of repetition, gNB may need to send a HARQ-ACK without resource allocation. In that case, we can define a combination of parameters in UL grant as no resource allocation.
Proposal 4: For HARQ-ACK transmission of UL data transmission without grant, UE-specific UL grant can be used for HARQ-ACK feedback of UL data transmission without grant. If early termination based on ACK or ACK is necessary, UL grant with special state (e.g., no resource allocation) can be used as an ACK. 
Uplink power control for UL data transmission without grant
Considering that multiple UEs share the same time/frequency resource, the power control on multiplexed transmission can be important in terms of UE detection. Firstly, UE can adjust transmit power with Open-loop power control based on pathloss estimate. However, In NR, UE may afford data traffic with various requirements (e.g. BLER, latency). Especially, URLLC traffic generally requires high-level of reliability. In this perspective, at least additional offset for UL data transmission without grant is necessary. This offset can be configured semi-statically with configuration of UL data transmission without grant or dynamically depending on resource configuration types (e.g., type 1 or 2) as well as utilizing additional signalling such as TPC commands. For semi-static TX power configuration, TX power estimation of UL data transmission with grant can be a reference point of the offset. To adjust the offset dynamically, it can be considered to use TPC commands like DCI format 3/3A in LTE system. In that case, UE-specific DCI and/or group-common DCI can be used for dynamic power control. Regarding various traffic requirements, it can be considered to use multiple power offsets. In that case, these power offsets can be classified with uplink method, traffic requirement, bandwidth part and/or etc. 
When dynamic power control is used for UL transmission without grant, Power headroom report (PHR) can be considered to be introduced for efficient power control. In other words, whether or not to support PHR on UL data transmission without grant would be depending on whether or not to support dynamic power control for UL data transmission with grant. This case may be necessary when different power control is used between UL transmission with and without grant, or the UE supports multiple power control processes with different use cases. In UL data transmission without grant, however, it is hard to send PHR with data by restricted uplink resource and high-level reliability requirement. In this case, it is desirable for UL data transmission with grant to carry multiple PHR with data.
Proposal 5: It is necessary to investigate whether or how to support closed-loop power control method for UL data transmission without grant with consideration of various traffic properties. 
Potential issue on Type 1 UL data transmission without grant
Type 1 UL data transmission without grant must be configured by RRC signalling. When a UE is configured with UL data transmission without grant configuration/modification, there can be an ambiguity on UE/gNB behavior. To be specific, during the RRC (re)configuration period, UE and gNB might have different understanding on the RRC configuration of UL data transmission without grant. In case, UE could transmit UL transmission without grant on UL resources which are not reserved for UL transmission without grant, or gNB misses UL data transmission mapped on reconfigured resources. To handle the ambiguity issue, gNB could perform blind decoding on both new and previous resources. Alternatively, fallback operation and/or fallback resource for UL data transmission without grant can be introduced. 
Proposal 6: It is necessary to investigate on UE behavior for type 1 UL data transmission without grant.

Potential issue on Type 2 UL data transmission without grant
Similar to LTE SPS, type 2 UL data transmission without grant can be configured by both L1 and RRC signalling. In LTE SPS, the reception timing of UL grant is used to determine an offset of SPS resource respect to reference point. In addition, scheduling DCI in NR can indicate UL grant-to-UL data transmission timing dynamically. In this case, it can be considered that the timing offset of resources for UL transmission without grant can be flexibly adjusted by timing information in a L1 signalling as well as L1 signalling reception timing. 
[bookmark: _GoBack]Next, it is necessary to investigate whether or how to handle the case where UE misses L1 signalling for UL transmission without grant. Since UE may not transmit UL data transmission if there is no data to be sent, gNB may not know whether UE successes or fails to detect L1 signalling for UL transmission without grant. In this case, it could take extremely long time for gNB to know UE fails to detect L1 signalling for UL transmission without grant, which can cause latency problem. Furthermore, UE who misses L1 signaling for UL transmission without grant can use UL resources undesirably. Meanwhile, in LTE rel. 14 SPS with UL skipping, when a UE receives L1 activation, the UE transmits SPS confirmation message to gNB through MAC CE to handle L1 activation missing case. In our understanding, this approach can be a baseline to solve this problem in UL data transmission without grant in NR.
Proposal 7: It is necessary to investigate on UE behavior for type 2 UL data transmission without grant considering characteristic of L1 signalling.
According to the previous agreement, both of uplink with/without grant transmission support repetition for the same transport block. First of all, we have to configure the number of repetition K for this operation. In order to configure K, semi-static configuration is used for type 1 UL data transmission without grant. On the other hand, since gNB can consider channel status of a UE in uplink transmission, it would be beneficial to configure the number of repetition dynamically in terms of resource efficiency. Similarly, for type 2 UL data transmission without grant, it can be to configure the number of repetition dynamically. Since L1 signalling in type 2 UL data transmission without grant has resource allocation information, gNB can reflect a size of allocated resources and channel status in the number of repetitions. If there is some change, gNB may modify the number of repetitions with less control overhead through L1 signalling.
Proposal 8: For the type 2 UL transmission without grant, a dynamic configuration of the number of repetition K can be considered. 
Proposal 9: For the UL transmission with grant, a dynamic configuration of the number of repetition K can be considered.
Conclusion
In this contribution, we discuss on UL transmission without grant for URLLC. Our proposals are as follows:
Proposal 1: Confirm WA for that DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
Proposal 2: It is necessary to investigate on how to determine HARQ process ID of UL data transmission without grant. Considering repetition case where repetition may occur any time while the network may miss one or a few from the repetition, either separate resource for each HARQ process or some type of restriction in HARQ processes needs to be considered. 
Proposal 3: For UE using UL transmission without grant, gNB can use different CRC mask sequences for a UE to distinguish between UL grant for retransmission of UL transmission without grant and other UL grant. 
Proposal 4: For HARQ-ACK transmission of UL data transmission without grant, UE-specific UL grant can be used for HARQ-ACK feedback of UL data transmission without grant. If early termination based on ACK or ACK is necessary, UL grant with special state (e.g., no resource allocation) can be used as an ACK.
Proposal 5: It is necessary to investigate whether or how to support closed-loop power control method for UL data transmission without grant with consideration of various traffic property.
Proposal 6: It is necessary to investigate on UE behavior for type 1 UL data transmission without grant.
Proposal 7: It is necessary to investigate on UE behavior for type 2 UL data transmission without grant considering characteristic of L1 signalling.
Proposal 8: For the type 2 UL transmission without grant, a dynamic configuration of the number of repetition K can be considered. 
Proposal 9: For the UL transmission with grant, a dynamic configuration of the number of repetition K can be considered.
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