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Introduction
In RAN#71, the SID for new radio access technology has been approved [1]. Objectives of this SID are to investigate the fundamental physical layer signal structure including waveform, basic numerology and frame structure as well as channel coding scheme(s). 
In this contribution, we will discuss possible mechanisms for uplink data transmission, which helps to reduce the gap between the uplink grant and uplink data transmission.
Improvement of UL data scheduling by TRP
New uplink scheduling mechanism for NR
In LTE, uplink transmission process is as follows:
The uplink grant for UE is transmitted by TRP in the sub-frame n. When UE has received an uplink grant, several operations are performed by the UE before the sub-frame n+4 for uplink transmission. An example of L2 and L1 processing is shown below
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]L2 processing, which includes
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]Assembling the UL packet to be transmitted, e.g., PDCP SDUs are assembled as RLC SDUs. RLC SDUs are assembled as MAC PDU. In addition, the MAC header, and possible MAC CE and possible padding for MAC PDU are required.
· L1 processing which includes
· CRC attachment 
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Channel coding and rate matching of coded blocks
· Scrambling, modulation mapping, layer mapping
· RS and other signal insertion, RE mapping
· DFT
LTE adopts 4ms Gaps to formulate the timing grid. Uplink grant and uplink data transmission also have one 4ms distance in between. However, in NR, a very small gap is introduced for uplink grant and uplink data in the frame structure design. This is to facilitate the self-contained operation and URLLC transmission. If the processing time is too long, the needed gap would also be very large, compared to the considerably short scheduling frames.
The basic idea presented in this contribution is to allow the UE preparing data already before the scheduling command is received. A possible uplink transmission mechanism is shown in Fig1. Furthermore, 2 approaches for this mechanism can be considered

 Fig1 Uplink data scheduling and transmission for NR 
Approach 1, L2 processing is done in advance.
TRP can configure the pre-scheduling period that includes several potential scheduling occasions, and send the configuration information to UE before the pre-scheduling period. UE can be scheduled in each scheduling occasion based on configuration information and dynamic scheduling signalling in uplink grant 
The configuration information can include several candidate transport block sizes (TBS) which may be used for uplink data transmission within the pre-scheduling period. After receiving the configuration information, UE performs L2 processing for each possible TBS, before the next pre-scheduling period. 
At any scheduling occasion of a pre-scheduling period, the TRP can send UL grant which indicates the selected TBS and other scheduling information (e.g. MCS, resource allocation information, etc). Then, with this information, UE can further complete L1 processing and then transmit uplink data in a short time.
With approach 1, the gap between UL grant and uplink data transmission is reduced, since L2 processing has been done in advance.
Approach 2, the L2 and L1 processing is executed in advance.
The approach 2 can be further enhanced by introducing more L1 processing in advance. Next, an example will be described.
In addition, configuration information can include several TBS and several MCS which may be used for uplink data transmission within the pre-scheduling period. After receiving the configuration information, UE need to perform L2 and L1 processing for each TBS and each MCS combination, before the next pre-scheduling period.
At any scheduling occasion of a pre-scheduling period, the TRP can send UL grant which indicates the selected combination (from several TBS and several MCS combination) and other scheduling information (e.g. resource allocation information, etc). Then, with this information, UE can quickly perform uplink transmission in shorter time.
With approach 2, the gap could be even smaller as more pre-processing is done in advance.
Both approach 1 and 2 can be considered for the NR uplink data transmission to shorten the gap. 
Proposals 1: With Pre-scheduling and pre-processing, the approach 1 and 2 can be considered for the NR uplink scheduling in order to shorten the gap between the uplink grant and uplink data transmission.
Simulation of pre-scheduling approaches
Figure 2 and Table 2-1 show the system level simulation results for the Approach 1 and Approach 2, specific simulation details are as follows:
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]Reference case: Choose MCS from MCS set respectively, each set consists of 15 values as shown in table B according to UL measurement result. TBS is calculated according to the selected MCS and number of allocated RB.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Approach 1: Choose TBS from a TBS set which includes three candidates, i.e. large, medium and small, and the MCS from MCS set (from 15 MCS) according to the results of each UE uplink measurement. TBS is selected according to the MCS and number of RB. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK9][bookmark: OLE_LINK14]Approach 2: Choose TBS and MCS from a TBS/MCS set which includes three candidates TBS and three candidates MCS, i.e. large, medium and small according to UL measurement result. 
From the simulation results, the performance of Approach 1 and Approach 2 is similar. They are slightly worse than the case of reference case. Approach 1 and 2 result in about 5.5% and 5.8% performance degradation compared with  reference case respectively. It seems acceptable if they can effectively reduce the gap between UL grant and UL data and enable self-contained UL scheduling.
In the simulation, the set of candidate TBS/MCS is consistent for all pre-scheduling period. For each pre-scheduling period, the set of candidate TBS/MCS can be adjusted according to UL measurement results. Then, the performances of Approach 1 and 2 will be improved and be even closer to the reference case simulation results.
 (
0
0.05
0.1
0.15
0.2
0.25
0
10
20
30
40
50
60
70
80
90
100
C.D.F.[%]
Normalized User Throughput
 
[bps/Hz]
Simulation Results
 
 
Ref-case
Approach 1
Approach 2
)
Fig 2 UE spectrum efficiency of CDF 
In Approach 1 and 2, the number of candidate TBS is very limited. In order to avoid resource waste, UE can't always use the expected TBS. Instead it tend to smaller TBS (selected from three candidates TBS) for the uplink transmission. When UE is located at the cell edge, it is more likely to match a expected TBS, since the set is smaller. So, cell edge spectrum efficiencies of Approach 1 and 2 are slightly higher than that of reference case.
Table 2-1 the average spectrum efficiency and the edge of the spectrum efficiency
	
	Reference case
	Approach1
	Approach2

	average spectrum efficiency（bps/Hz/cell）
	0.7326
	0.6921
	0.6901

	edge of the spectrum efficiency（bps/Hz）
	0.0366
	0.0392
	0.0387


UE autonomously selects TBS/MCS for UL transmission 
The shortcoming of approach1 and 2 is that they need to prepare the data from physical layer or MAC layer in advance according to several possible configurations. Therefore, a larger buffer is needed for the UE to store the data, which will increase the cost of the UE. Therefore, the following idea can also be considered.
The idea is to allow UE autonomously select one transmission parameter (e.g. one TBS/MCS) by itself from a predefined TBS/MCS set. Then the UE only needs to prepare the packet according to the selection it made itself. Once it receives UL scheduling signaling, it can perform the UL transmission in a short time. 
Note that this scheme requires the UE to indicate the transmission parameter in an UL control channel that can be sent with UL data at the same time. With the assumption of UL/DL reciprocity, the UE can select one suitable transmission parameter according to DL measurement. 
Obviously, this idea can be used for specific services, when the load and channel quality is relatively stable, low-latency services. Therefore, this idea should be considered for NR uplink data transmission and be regarded as a grant-free access.
Compared with the grant-based access, autonomous/grant-free or grant-less is more desirable for NR thanks to the following advantages: energy efficient on UE side, very low cost/complexity for UE design, reduced signalling overhead and transmission latency. However, take the grant-free access as example, TRP cannot schedule the T/F resources for each of the UEs through the transmission of downlink control information. Therefore, the data of multiple users will be superimposed together when different users randomly choose the same resource blocks for the uplink transmission at the same time. This phenomenon will be quite common for the grant-free cases especially in mMTC scenario.
Interference cancellation method can also help receiving UE-autonomous transmission. Interference cancellation method for UL resource conflicts can be found in the document [3].
Proposals 2: UE autonomous TBS/MCS selection can also be considered for the NR uplink data transmission.
Conclusions
In order to support the self-contained structure in NR, in particular for the uplink transmission, the introduction of Pre-scheduling and pre-processing mechanism should be introduced to reduce the gap between the uplink grant and uplink data transmission.
From the discussions in this contribution, we have the following proposals:
Proposals 1: With Pre-scheduling and pre-processing, the approach 1 and 2 can be considered for the NR uplink scheduling in order to shorten the gap between the uplink grant and uplink data transmission.
· Approach 1: the L2 processing is done in advance.
· Approach 2: the L2 and L1 processing is done in advance.
Proposals 2: UE autonomous TBS/MCS selection can also be considered for the NR uplink data transmission.
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Appendix
Table A Link Simulation Parameters
	Parameters
	Assumption

	Deployment scenario
	Urban macro

	Link direction
	Uplink

	Carrier Frequency 
	2 GHz 

	system bandwidth
	10 MHz

	Layout
	Single layer:
- Hex. Grid

	ISD
	500m

	BS antenna elements 
	 2 Rx antenna elements

	UE antenna elements 
	1 Tx antenna element

	Number of Users per cell 
	10 users 

	Traffic model
	Full buffer traffic 



Table B MCS for the simulation
	MCS index
	modulation
	code rate x 1024
	efficiency

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547
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