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Introduction
In this contribution, we provide our views on the UL transmission procedure enhancements, which considers both UL transmission with and without grant. The goal is to pursue shorter latency and higher reliability for NR uplink.
As background, the following agreements from the NR RAN1 AH#3 meeting are listed below [1]:
Agreements:
· Type 3 UL transmission without UL grant is not supported in Rel.15.
Agreements:
1. The design for Type 1 and Type 2 UL transmission without UL grant is based on both slot and  mini-slot based tx (at least 7, 4, and 2 OFDM symbols for Dec. 2017)
1. FFS BWP related information for frequency domain resource allocation
Agreements:
· For UL transmission with grant, to down-select (including possible combinations) from:
· Option 1: waveform type is determined from DCI
· 1-1: Explicit 1-bit field in the UL grant
· 1-2: Implicitly derived by other information
· 1-2-1: Some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· 1-2-2: Based on the different DCI sizes
· 1-2-3: Based on the search space where the UL grant is detected
· FFS: the DCI-based determination is always enabled or is enabled/disabled by RRC signalling
· Option 2: waveform type is configured by UE-specific RRC
· Option 3: waveform type follows the information by RMSI for Msg3
· Option 4: waveform type is indicated by MAC CE
· Note: For Msg3, waveform is informed by the RMSI
· If no agreement is done, all UE follows the information by the RMSI
Agreements:
· For Type 1 UL transmission without grant, to down-select (including possible combinations) from:
· Option 1: waveform type is determined from UE-specific RRC
· 1-1: Explicitly configured by the RRC
· 1-2: Implicitly derived by other information in RRC
· E.g., some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· Option 2: waveform type follows the information by RMSI for Msg3
Agreements:
· For Type 2 UL transmission without grant, to down-select (including possible combinations) from:
· Option 1: waveform type is determined from DCI
· 1-1: Explicit 1-bit field in the UL grant
· 1-2: Implicitly derived by other information
· 1-2-1: Some entries of MCS table are for DFT-s-OFDM for 1 layer transmission, while others for CP-OFDM
· 1-2-2: Based on the different DCI sizes
· 1-2-3: Based on the search space where the UL grant is detected
· FFS: the DCI-based determination is always enabled or is enabled/disabled by RRC signalling
· Option 2: waveform type is configured by UE-specific RRC
· Option 3: waveform type follows the information by RMSI for Msg3
· Option 4: waveform type is indicated by MAC CE
· Note: For Msg3, waveform is informed by the RMSI
· If no agreement is done, all UE follows the information by the RMSI
· Aim to have the same solution as in the UL with grant case
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


Discussion
For UL transmission with grant, SR in general provides high reliability by dedicated resource allocation for each UE. But UE needs to wait for the UL grant before it can start transmitting data. The regular procedure is shown in Figure.1(b). The latency depends on the duty circle of the configured SR resource and the following scheduling interaction between UE and gNB.
For UL type 1 transmission without grant, short latency is achieved by simplification of the UL scheduling procedure. Ideally, the average latency depends on the duty circle of the configured resource, if we can assume every TB can be successfully received. However, grant-free transmission reliability is limited in practice by the possible collision of transmissions from different UEs. If collision occurs, latency may increase due to retransmission.
Hence in our view, it is worthwhile to study using both SR and Grant-free transmission to achieve a better design to fulfill NR URLLC requirement.
In our understanding, the gNB can independently configure resources for SR and UL transmission without grant. As shown in Figure.1 (a), when data arrives at UE buffer, the UE can transmit SR by using the next closest SR resource. Since multiple SR configurations are supported in NR and mapped to different logical channels, gNB can identify the traffic type or priority and then choose to active the grant-free transmission by L1 signaling. It is noted that the example in Figure.1 (a) is using Type 2 UL transmission without grant, which needs L1 activation.
For Type 1 UL transmission without grant employed together with SR, Figure.1 (c) (d) (e) gives three examples. 
· In Figure.1 (c), when data arrives at UE buffer and the next closest SR resource and Grant-free transmission resource happen to overlap in time domain, the UE can transmit both in a slot. The short latency can still be achieved while SR can secure the detection reliability of gNB. Then gNB scheduler can choose to do the grant-free to grant-based transmission switching or adjust resource for grant-free transmission. The principle is to guarantee the reliability of the followed transmissions.
· In Figure.1 (d), when data arrives at UE buffer, the next SR resource is closer than that of UL transmission without grant. UE can transmit SR first and then transmit data using Grant-free resource. Compared with relying solely on grant-free transmission, the reliability is better and the latency is not longer. Whether to use grant-free or grant-based transmission depends on the gNB scheduler strategy and the traffic status of the network.
· The example in Figure.1 (e) is similar to (d) except that the grant-free resource comes earlier than SR when data arrives at UE buffer. The UE may choose to start UL transmission without grant first and then send SR to gNB. So if the grant-free transmission is not correctly received due to collision or other reasons, SR can ensure the gNB at least detects the UE.

[image: ]Figure.1 Candidate procedures for grant-base and grant-free transmission for NR

Therefore, to achieve better reliability and short latency for NR URLLC service, we have the following proposal:
Proposal 1: NR supports that SR and Grant-free transmission are used together to achieve high reliability and also short latency. 

Conclusions
In this contribution, we show our views on procedure enhancements for NR UL transmission. The purpose is to better support more diversified service types in NR and guarantee the URLLC requirements. In conclusion, we would like to propose:
Proposal 1: NR supports that SR and Grant-free transmission are used together to achieve high reliability and short latency. 
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