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Introduction
[bookmark: OLE_LINK91][bookmark: OLE_LINK92]In RAN1#86bis meeting [1], the following agreements on URLLC have been made:
Agreements:
· Consider further the tradeoffs for meeting URLLC requirements for the following.
· Semi-static resource allocation for UL data transmission.
· Dynamic indication of available resource (e.g., by broadcast DCI) for UL data transmission.
· Normal SR-based transmission
· Other solutions are not precluded
It was agreed that a semi-static resource allocation and dynamic indication of available resource are introduced as the URLLC UL data transmission. However, the related detailed design still needs to be further provided and discussed.
In this contribution, a scheduling mechanism that combines slow-changing info with fast-changing info is discussed for UL data transmission. It is more beneficial for URLLC services.
[bookmark: OLE_LINK171][bookmark: OLE_LINK172][bookmark: OLE_LINK182][bookmark: OLE_LINK183]Two-level UL grant/scheduling mechanism 
The UE has to achieve fast processing to respond quickly. For TDD and 60 kHz as example, a 7-symbol slot can support a 1~2 symbol gap for the downlink to uplink switching. 1 symbol gap will give around 16 us of available processing time. In the uplink data scheduling slot, upon the receptions of the uplink grant, the UE has to prepare the first symbol of the uplink data part already within the gap. There are many solutions to reduce the processing time. With a proper coding and mapping design, streamline processing can be done with symbol by symbol decoding/encoding. This streamline processing can reduce the processing time for the both downlink and uplink transmissions. 
Further, it is always desirable to reduce the processing time and thus to make the need for the gap as small as possible. Considering that the gap size depends on many factors such as circuit delays, CPRI transmission and radio wave propagation, several solutions should be introduced to minimize the overall need for a gap. The downlink data scheduling, data mapping and coding in last symbol can be specially treated to accelerate the decoding. Then, the processing time can be even shorter than 1-symbol duration for decoding the last downlink data symbol. For uplink data transmission, the processing time includes uplink grant detection, Uplink data preparation (L1 and L2 processing) and data mapping. It will also need to be reduced in uplink grant detection or data preparation. 
[bookmark: OLE_LINK173][bookmark: OLE_LINK174][bookmark: OLE_LINK176][bookmark: OLE_LINK181]One possible hierarchical control is controls with slow-changing level and fast-changing level. It enables the UE to prepare the UL data in advance and does not require the UE to have a high capability.
[bookmark: OLE_LINK166][bookmark: OLE_LINK167][bookmark: OLE_LINK175]Slow-changing signalling can be used to configure some slow changing information for the URLLC, such as a smaller candidate MCS and/or TBS set. If the uplink data has arrived, the UE can prepare the UL data to be transmitted in advance according to the slow-changing signalling. MCS and/or TBS set is provided by scheduler prediction and can be further adjusted. For example, when the slow-changing signalling effective duration is set to 0.5 ms or 1 ms, the probability of channel quality variation during this period is very small and can be ignored. Therefore, the MCS level can be quite up to date according to the transmission period of slow-changing signalling.
[bookmark: OLE_LINK177][bookmark: OLE_LINK178]Slow-changing signalling can also be used to reserve URLLC resources in the time domain, e.g. periodic resource. The fast-changing signalling is transmitted at the resources. 
This two-level control scheduling mechanism can be used for all services’ UL data transmission.
[bookmark: OLE_LINK162][bookmark: OLE_LINK163]A two-level grant/scheduling mechanism is shown with detail in Section 3.
An example for two-level grant/scheduling 
Uplink fast scheduling mechanism for NR
A possible two-level grant/scheduling mechanism is shown in Figure 1. 

 Figure1 Uplink data scheduling and transmission for NR 
[bookmark: OLE_LINK184]L2 and L1 processing is done after receiving the slow-change signaling
This approach allows that slow-change signalling can include several TBS and several MCS which may be used for uplink data transmission within the slow-change signalling period. After receiving the slow-change signalling, the UE needs to complete the L2 and L1 processing for each TBS and each MCS combination before the next slow-change signalling period.
[bookmark: OLE_LINK185][bookmark: OLE_LINK186][bookmark: OLE_LINK188]At any reserved resources configured by slow-change signalling, the TRP can send the fast-change signalling which indicates the selected combination (from several TBS and several MCS combinations) and other scheduling information (e.g. resource allocation information, etc). Then, with this information available, the UE can initiate the uplink transmission in a shorter time.
Proposal 1: To reduce processing latency, the two-level grant/scheduling mechanism combined by slow- changing and fast-changing signaling should be considered as NR UL data transmission, at least for URLLC UL.
Simulation of two-level grant/scheduling mechanism
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 an MCS from the corresponding MCS set. Each set consists of 15 values as shown in table B. The MCS is selected according to the UL measurement result. The TBS is calculated according to the selected MCS and the number of allocated RBs.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Approach 1: Choose a TBS from a TBS set which includes three candidates, i.e. large, medium and small, and the MCS from the MCS set (one of 15 possible MCS value) according to the results of each UE uplink measurement. The TBS is selected according to the MCS and number of RBs. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK9][bookmark: OLE_LINK14]Approach 2: Choose a TBS and MCS from a TBS/MCS set which include three candidates each according to the UL measurement result. From the simulation results, the performance of Approach 1 and Approach 2 is similar. They are slightly worse than the reference case. Approach 1 and 2 result in about 5.5% and 5.8% performance degradation compared to the reference case.. This performance degradation seems acceptable as it helps to effectively reduce the gap between UL grant and UL data and thereby enables self-contained UL scheduling.
In the simulation, the set of candidate TBS/MCS is consistent for slow-change signalling periods. But this can be improved further. For example, if it can be changed at each slow-change signalling, the performance of the simulation will be better. Then, the performances of Approach 1 and 2 will be improved and will come even closer to the performance of the reference case.
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Figure 2 UE spectrum efficiency of CDF 
In Approach 1 and 2, the number of candidate TBS is very limited. In order to avoid a resource waste, the UE can't always use the expected TBS. Instead, it tends to apply a smaller TBS (selected from three candidates TBS) for the uplink transmission. When a UE is located at the cell edge, it is more likely to match an expected TBS. This is because the TBS set for cell edge is smaller. So, the cell edge spectrum efficiencies of Approach 1 and 2 are slightly higher than that of reference case due to less scheduling delay.
Table 2-1 the average spectrum efficiency and the edge of the spectrum efficiency
	
	Reference case
	Approach 1
	Approach 2

	Cell average spectral efficiency（bps/Hz）
	0.7326
	0.6921
	0.6901

	Cell edge spectral efficiency（bps/Hz）
	0.0366
	0.0392
	0.0387



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 mechanisms should be introduced to reduce the gap between the uplink grant and uplink data transmission. 
As concluded from the discussions in this contribution, we propose:
Proposal 1: To reduce processing latency, the two-level grant/scheduling mechanism combined by slow- changing and fast-changing signaling should be considered as NR UL data transmission, at least for URLLC UL.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]References
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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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