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Introduction
In this contribution, we provide our views on the UL transmission procedure enhancements, which consider both UL transmissions with and without grant. The goal is to pursue shorter latency and higher reliability for NR uplink. This is a updated contribution from R1-1717859.
As background, the following agreements of UL data transmission procedure from the previous meeting are as below [1]:
Agreements:
· For UL transmission with grant,
· By UE-specific RRC signaling, a UE can be configured with UL waveform that is different from the one configured by RMSI for Msg3. Once configured;
· When the non-fallback DCI schedules the PUSCH transmission, the UE uses the UL waveform configured by the UE-specific RRC signaling; when the fallback DCI schedules the PUSCH transmission, the UE uses the UL waveform configured by RMSI for the PUSCH transmission.
· If the UE is not configured with UL waveform that is different from the one configured by RMSI for Msg3;
· The UE uses the UL waveform configured by RMSI for the PUSCH transmission.
· FFS: whether the fallback DCI is based on DCI format/size or on search space.
· RMSI informs single waveform to the UE

Agreements:
· For Type 1 and Type 2 UL transmission without grant,
· By UE-specific RRC signaling, a UE can be separately configured with UL waveform that is different from the one configured by RMSI for Msg3.
· Note: even if the UE is configured with Type 1 and Type 2 UL transmission without grant, the UE may transmit PUSCH that is scheduled by UL grant, in which case the UL waveform determination for UL transmission with grant is used.
Agreements:
· For each “SR configuration”, the following is indicated via RRC 
· A periodicity and offset which identify the slots/symbols to be used for SR
· FFS the offset for the SR periodicity shorter than one slot for a given SCS
· Non-periodic SR solutions to meet URLLC latency requirements are not precluded
· Slide 4 in R1-1719595 is agreed

Agreements:
· At least support following periodicities of resources for UL transmission without UL grant 
· FFS other values with taking into account the alignment with 14 symbols
	Subcarrier spacing (kHz)
	Supported periodicities [ms]

	15
	2 symbols, 7 symbols, 1, 2, 5, 10, 20, 32, 40, 64, 80, 128, 160, 320, 640

	30
	2 symbols, 7 symbols, 0.5, 1, 2, 5, 10, 20, 32, 40, 64, 80, 128, 160, 320, 640

	60
	2 symbols, 7 symbols (6 symbols for ECP), 0.25,0.5,1,2,5,10,20, , 32, 40, 64, 80, 128, 160, 320, 640

	120
	2 symbols, 7 symbols, 0.125,0.25,0.5,1,2,5,10,20, 32, 40, 64, 80, 128, 160, 320, 640



Agreements:
· Support PUSCH frequency-hopping for DFT-s-OFDM and CP-OFDM waveform with RA Type 1. 
· At least support intra-slot FH for Msg.3.   
· FFS: details including hopping pattern/configurations, signaling designs, etc.
· FFS whether applicable to all PUSCH durations within a slot 
· FFS: whether to support repetition of Msg.3
· Support UE-specific RRC configuration of the following: 
· Mode 1: intra-slot FH only 
· FFS whether applicable to all PUSCH durations within a slot
· Note: Mode 1 is applicable to single slot and repetition case
· Mode 2: inter-slot only 
· Note:  Mode 2 is applicable to repetition case
· FH across mini-slots for repetitions 
· FFS: whether it can be enabled by which mode and details, including alignment with slot boundary, pattern etc. Target to have a common FH design between slot and mini-slot.
· FFS: details including the number of configurations, hopping pattern/configurations, signaling designs, etc.
· Support RAR/UL grant indication for PUSCH frequency-hopping 
· FFS: details including how to indicate enable/disable and pattern/mode of FH.

Agreements:
· For UL transmission without UL grant, for each configuration 
· The number of configured HARQ processes is explicitly configured by RRC    
· Each configuration can have multiple HARQ processes 
· The value range is {1, 2, …, M}, where M value is FFS
Agreements:
· For Type 1 and Type 2 UL transmission without grant, RNTI(s) is/are configured by UE-specific RRC signaling.
· Whether the same or different RNTI(s) for Type 1 and Type 2 can be decided by RAN2.
· Within each type, an RNTI is configured by UE-specific RRC signaling at least for one resource configuration in a serving cell

Agreements:
· For UL transmission without UL grant, 
· The HARQ ID for a TB should be the same during the repetitions and retransmissions if any.
· The HARQ ID is at least determined by 
· the number of HARQ processes in the configuration
· the time-domain resource for the UL data transmission
· FFS: other factors such as frequency-domain resource, DMRS, repetition K dependency on initial transmission.
Working assumption:
· For UL transmission without UL grant, for a TB transmission with K repetitions 
· The repetitions follow an RV sequence and it is configured by UE-specific RRC signalling to be one of the following: 
· Sequence 1: {0, 2, 3, 1}
· Sequence 2: {0, 3, 0, 3}
· Sequence 3: {0, 0, 0, 0}

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 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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