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1. Introduction
In this contribution, we discuss UE with grant-free (GF) and SPS (dedicated resources in grant-based (GB) fashion) transmission with multiple configurations. Accordingly, we discuss GF transmission enhancements and related procedures to improve latency and reliability of URLLC in uplink. The discussion introduces a managed access resource allocation mechanism supporting a combination of both grant-free (GF) and SPS or GB transmission.
As a background for the discussion, the following agreements were made in the last RAN1 and RAN2 meetings:
	RAN2 #99 meeting
Agreements:
1. UL/DL SPS configuration can be configured and activated simultaneously on both PCell and PSCell
1. As in LTE SPS UL, retransmission for SPS UL transmission are based only on UL dynamic grant

RAN2 #99bis meeting
Agreements:
1. SPS/GF operation can be active simultaneously for PCell/PSCell and SCell.  This applies to both Type 1 and Type 2.  
1. For SPS, no optimizations to MAC CEs are pursued to support simultaneous activation/deactivation. The UE identifies the serving cell based on the grant mechanism (i.e. nothing special needs to be done)

RAN1 #AH_NR3 meetings:
Agreements:
· Multiple resource configurations for UL tx without UL grant can be configured to a UE
· 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)
· For UL tx without UL grant, the same resource configuration is used for K repetitions for a TB including the initial transmission

RAN1 #90 meetings:
Agreements:
· Confirm the Working assumption: Both DFT-S-OFDM and CP-OFDM are supported for UL transmission without grant.
· Support using MAC CE as an acknowledgement for L1 signalling for activation/deactivation of Type 2 UL transmission without grant (similar/same behaviour as in LTE SPS).
· If HARQ feedback is supported, to indicate HARQ feedback of UL transmission without grant, following options and related UE behavior should be further studied.
· Option 1: Based on UL grant to indicate “ACK”
· Option 2: Group-common DCI
· 2-1: Only ACK 
· 2-2: ACK and NACK
· Option 3: Define a Timer, UE assumes following, when the Timer expires
· 3-1: ACK if an NACK is not received after the K repetitions
· 3-2: NACK if an ACK is not received 



Based on these agreements, we provide solutions on some issues on grant-free supporting URLLC service for uplink transmission. The discussion introduces a managed access resources scheme for GF and GB simultaneous transmission.

2. Discussion
In this contribution, we discuss a managed access for GF transmission. This utilizes the concept agreed upon in the previous meetings that GF and GB (at least for retransmission) can simultaneously coexist for NR UL. Thus, to further reduce latency and enhance reliability, i.e., by reducing retransmission and shrinking the probability of collision, it would be useful to introduce a scheme that multiplexes GF and GB transmissions in order to easily distinguish between contending UEs at the gNB. Based on the agreements, the gNB will indicate to the UEs specific resources for either GF or GB transmission, using dynamic or SPS periodic allocation. However, the focus of this technical document is only regarding the provision of SPS granting. 
Additionally, in order to satisfy the requirements of the DFT-s-OFDM waveform, i.e., having adjacent resources, a managed access resource allocation across the GB and the GF is discussed in this contribution. Herein, the UE transmission consumes first the GB resources and thereafter it overfills the GF resources.
Such an enhanced access shall be indicated by a feedback announcing the UE utilization ratio over the GF transmission (e.g., this can reuse the buffer-status report (BSR)). From the utilization ratio, the gNB will compute the collision ratio and propose a granting for a Re-transmission after identifying the UEs accordingly. In this case, the retransmission shall be a supplementary re-transmission similar to the DL punctured re-transmission; however, in this case, the UE knows its utilization ratio.
In this contribution, we further discuss the technical aspects of the HARQ re-transmission and the possible resource configuration design to meet the latency and reliability requirement of URLLC. Furthermore, we provide the corresponding system-level simulation (SLS) evaluation results. From the discussion and SLS evaluated results, we will show that contention based grant-free transmission with the managed resource accessing by multiple users can meet the requirements of URLLC services.

2.1 Resource Configuration for Grant-Free/Grant-Based Access
The resource configuration for UL grant-free and grant-based transmissions includes at least the following parts:
· Basic resource unit(s) for GF and GB (assuming adjacent resources, e.g., for DFT-s-OFDM)
· Frequency and time location(s) of the basic resource unit(s) in the SPS transmission slots
· UE identification for the utilization of GF SPS transmission

The basic resource units can be pre-configured as the total number of time/frequency PRBs to transmit a typical uplink physical layer packet with different sizes (e.g., 32-512 bytes including the CRC bits) with adaptive MCS. Throughout the discussion in this contribution, we assume continuous resources in (at least) frequency elements for UL. We will discuss in different contribution the access mechanism of non-continuous resources.
In this case, the SPS for GF resources can be configured as for periodicity and timing via RRC messages (for both Type 1 and Type 2). However, for type 2, the frequency resources are selected via L1 signaling allowing more sharing towards the UE predefined GB resources (SPS) when possible. For type 1, the UE can easily select the adjacent resource blocks to its GB transmission. The next figure describes the basic resource granting in case of adjacent UL GF and GB SPS with a managed access direction. 
[image: ]
Figure 1: Basic GF adjacent to GB resources. Access shows a utilization of the GB resources then GF in sequence
Observation 1: For adjacent PRBs allocation, managing GB/SPS and GF resources, not adjacent in frequency, might not be possible

Proposal 1: Once GF and GB (and/or SPS) are used together for the same UE, they shall be placed adjacently and the UE shall utilize first the GB resources then the GF, in order. 

Proposal 2: If no GB/SPS is supported for a UE, a direction for filling the resources has to be signaled to the UE similar to Proposal 1.

2.1 Pre-configured GF resources with semi-static SPS
During RAN1#88, it was agreed that the resource configuration for uplink transmission without grant includes time and frequency resources. However, the resource configuration for repetitions/retransmission is still being discussed. In this section, we consider only GF transmission and in the next section we discuss the possible options for symmetric repetitions/retransmission and asymmetric repetitions/retransmission.

2.1.1 GF Resources Allocation and Sharing
For Type 1 GF allocation and in lack of dynamic scheduling, the RRC configuration can be considered to set the periodicity of transmission, while the UE can select the resources marked as GF transmission from the neighboring (adjacent) GB-SPS PRBs. For Type 2, L1 signaling (DCI or similar) can allocate resources for GB and GF mandating adjacent blocks. Non-adjacent resources can be further studied. 
Once the SPS is configured, the MCS is configured as well and lasts until the SPS is skipped or further re-configured. Hence, the gNB needs to monitor channel quality (e.g., CSI, RSRP, or RSRQ) to monitor different kind of access and channel quality. Yet, in Rel 15, we do not support collision detection apart from vendors’ implementation requirements. However, the gNB can reconfigure the SPS frequency allocation (L1-signaling) or time periodicity based on the signal quality and reconfigure MCS and the number of PRBs.
2.1.2 Resource Managed Access and Utilization 
Similar to the majority of companies’ vision and starting from [2-7], we support the traditional SPS to be taken as a special case of grant-free transmission for Rel 15. Thus, it shall be configured for periodic traffic with UE-exclusive resource reservation in time and/or frequency domain supporting both GF and GB (at least the possible agreement is to consider GB for retransmissions). 
It was supported by many companies before that GF locations co-exist with two or more users on certain time and frequency resources dedicated similarly to every UE. This can be seen as in Fig. 2. This has a problem to identify UEs and will generate a contention resolution race consuming more resources for retransmission. Moreover, this convention did not utilize the GB regions to monitor, e.g., the BSR, or similar fields the UE transmitting to resolve collision. 
[image: ]
Figure 2: Convention-1: Type 2 GF transmission, co-located resources for GF UL allowing identical time/frequency resources for two or more resources
Observation 2: It is not easy for the gNB to identify the UE transmission when the GF is used randomly.
To further enhance the previous convention-1, we propose to utilize the GB regions by allowing extension of the PRBs usage to the GF resources which shall, generally, be contiguous in some cases. Figure 3 shows two possible SPS periods, SPS period 1 and SPS period 2, where 4 UEs are contending on different resources (in different sequences) and with different sequence. For example, UE1 and UE2 are sharing one SPS period and UE3 and UE4 are sharing the other. Since it is always proposed that the UE will not utilize the GF resources if the memory buffer is empty [5]; thereby, the GF resources shall only be utilized partially and based on the data traffic conditions and/or the file sizes. Thus, for URLLC application, a full utilization might be of ultimately low-probability due to small data-sizes. 
Note: More than two UEs can be discussed similarly. Companies are welcome to discuss their proposals in this case.
[image: ]
Figure 3: Convention-2 (Proposed): Type 2 GF transmission, with managed GF UL accessing allowing shared regions of time/frequency resources with different utilization and partial collision
Observation 3: If the resources are managed, i.e., starting with SPS and/or GB then GF, the collision probability is minimized and only partial collisions can occur.

Proposal 3: Introduced a managed resource access for GF and SPS and/or GB adjacent resources by allocating PRBs from the GB zones outwards
[image: ]
Figure 4: Quantized utilization Ration for UE identification and collision resolution
Proposal 4: Introduce a feedback by the UE (utilizing, e.g., the BSR) to inform the gNB about its utilization ratio over the GF resources

Once the UE is extending its transmission to the GF zone, it has to identify (via BSR message or any other possible feedback) its utilization ratio. As in Fig. 4, the ratio shall be quantized to few bits, i.e., b0, b1,…; e.g., 2-bits can resemble 25% utilization bulks of the GF resource zone.
The gNB now can easily predicted the GF UE identification and can similarly analyze and resolve the collision utilizing the quantized utilization ratio transmitted with, e.g., the BSR.
In this contribution, we support our proposal with system-level simulation results assuming 7-OS slot transmission, NR reference numerology, FTP3 traffic model for different file-sizes and adaptive MCS. More simulation parameters can be seen in Table 1 – Appendix-I. 
The proposed managed access shows a reduced probability of collision, which is defined in our context as the probability of two UEs coexisting in either time or frequency, i.e., without considering the collision ratio. See Fig. 5 for more details.  However, much more gain can be seen in the collision ratio, which is defined as the percentage of RB being collided during the simulation and realizations time. 
[image: ]
Figure 5: Collision probability for different file sizes shows a huge improvement for the managed access vs. convention 1 GF PRBs sharing
[image: ]
Figure 6: Total PRBs Collision ratio with improvement reaching the order of 1e-6 colliding PRBs of the total transmitted PRBs for the proposed URLLC file sizes
Figure 6 shows an improvement over convention-1 GF transmission, reaching an order of 1e-6 PRBs collision of the whole transmitted PRBs considering the 32 bytes file sizes (as proposed by many companies to be one of the possible URLLC scenarios). Even though, this very low percentage of collapsed PRBs can be easily identified and retransmitted by the eNB using a supplementary transmission as being agreed and studied in the DL URLLC punctured coexistence.

2.1.3 Contention Resolution and Retransmission
It is clear from Fig. 3 and the results in Fig. 5 that the collision probability is very limited considering the GF managed resource transmission in time and frequency. Figure 6 shows a possibility to transmit a supplementary retransmission at the next possible GB resources. For enhancing UL latency further, the UE can also send an asymmetric repetition/retransmission once its utilization ratio reaches a certain level (FFS), i.e., as in the discussion in [4]. Hence, the UE shall not wait for a HARQ-acknowledgement and perform this repetition, which is considered as a supplementary repetition at the gNB,
[image: ]
Figure 6: Supplementary 1st retransmission as a HARQ retransmission or also an Asymmetric repetition/retransmission at the GB access PRBs.
To support our observation, more simulation results are presented in Fig. 7 and Fig. 8. Figure 7 depicts the average collision ratio for contending PRBs in convention-1 and convention-2 (proposed managed access). As expected, in convention-1, on average, an 89% of the PRBs are collapsing when the GF PRBs are utilized by the UEs. In this convention, collisions always occur when the GF resources are ever used; that is why the ratio is always high. Therefore, it leaves no sense now to perform supplementary asymmetric repetition/retransmission as discussed before in Fig. 6; however, rather a symmetric retransmission.
In contrast to the previous results, convention-2 (the proposed managed access) has on average of 1% of the collided PRBs are collapsed (for all cases when the UEs simultaneously utilize the GF resources). Hence, only those 1% of PRBs needs to be retransmitted. 
Figure 8 shows the maximum, minimum and the average PRBs retransmission in case of collision events occurrence. The number presented here is the total sum for two UEs. As an example, for 32 bytes file size, once the utilization for the managed resources are high enough, a minimum value of 1 PRB (the minimum granularity) of the UE’s initial transmission needs to be retransmitted and an average value of 3 PRBs are shall be retransmitted. 
Observation 4: Once the collision occurs, the unmanaged resource access can only be retransmitted completely.

Observation 5: The Partial collision in the managed access can be used to reduce re-transmission. Only partial retransmission/repetition is necessary knowing the utilization ratio and GB (and or SPS) resources.

Proposal 5: Perform only re-transmission to the collided resources knowing the utilization ratio/value

Proposal 6: Spontaneous K-repetition can be transmitted by the UE once it exceeds a certain utilization ratio.

[image: ]
Figure 7: Supplementary retransmission as a HARQ retransmission or also an Asymmetric repetition/retransmission at the GB access PRBs.
[image: ]
Figure 8: Maximum, average, and minimum sum number of PRBs needs to be transmitted as a supplementary 1st retransmission for two UEs (i.e., per UE is half of the presented values)

3. Conclusion
Observation 1: For adjacent PRBs allocation, managing GB/SPS and GF resources, not adjacent in frequency, might not be possible

Observation 2: It is not easy for the gNB to identify the UE transmission when the GF is used randomly.

Observation 3: If the resources are managed, i.e., starting with SPS and/or GB then GF, the collision probability is minimized and only partial collisions can occur.

Observation 4: Once the collision occurs, the unmanaged resource access can only be retransmitted completely.

Observation 5: The Partial collision in the managed access can be used to reduce re-transmission. Only partial retransmission/repetition is necessary knowing the utilization ratio and GB (and or SPS) resources.

Proposal 1: Once GF and GB (and/or SPS) are used together for the same UE, they shall be placed adjacently and the UE shall utilize first the GB resources then the GF, in order. 

Proposal 2: If no GB/SPS is supported for a UE, a direction for filling the resources has to be signaled to the UE similar to Proposal 1.

Proposal 3: Introduced a managed resource access for GF and SPS and/or GB adjacent resources by allocating PRBs from the GB/SPS zones outwards

Proposal 4: Introduce a feedback by the UE (utilizing, e.g., the BSR) to inform the gNB about its utilization ratio over the GF resources

Proposal 5: Perform only re-transmission to the collided resources knowing the utilization ratio/value

Proposal 6: Spontaneous K-repetition can be transmitted by the UE once it exceeds a certain utilization ratio.
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Appendix-I
System level simulation assumptions:
· 19 gNB sectors with one gNB of interest and multiple access interference is considered.
Table 1:  SLS Simulation Parameters
	Attributes
	Values or assumptions

	Layout
	Urban Macro: 
- Hex. Grid, 19 cells (sector topology)
- One cell of interest and 20 interferers (UE multiple access interference); 
- 500m ISD

	Simulation time
	2000 slots (0.5ms) into 500 realizations

	Number of UEs
	20 UEs per sector->cell

	Carrier Frequency
	4 GHz

	Duplexing Mode
	FDD

	System BW
	20 MHz

	Number of RBs in total
	100 RBs (15 KHz SCS reference numerology)

	Number of GF resource units
	5 (5RB per resource unit)

	SPS Period
	5 Slots

	Sub-carrier spacing
	15 kHz reference numerology

	SLOT length
	0. 5 ms (15 KHz SCS)

	MCS
	Initialized during RRC connection then fixed for the whole GF and GB SPS access

	OFDM symbols per SLOT
	7 Symbols (NCP)

	Channel model
	3D-UMa; user speed = 3km/h  (Following TR 36.873 using QuaDRiGa v1.4.8)

	UE TX power
	23 dBm

	OL Power Control
	No power control

	BS Receiver Noise Figure
	5dB

	PHY Packet size
	32, 128, 256, and 512 bytes (CRC included)

	BS Antenna Configuration
	2 Rx 

	BS Antenna height
	32m

	BS Antenna Pattern
	Following TR 36.873

	BS Antenna Gain + Connector Loss
	Following TR 38.802

	UE Antenna Configuration
	1 Tx

	BS Antenna height
	1.5m

	UL Tx mode
	SIMO

	Traffic Model
	FTP3

	RB Allocation
	- First scheme: I- GF: Random Selection of resource unit (only for new retransmission) II- GB for retransmission
- Second scheme I- GF: Managed access resource selection unit (only for new retransmission) II- GB for retransmission

	UL Scheduler at BS (for grant-based)
	GF and GB initial transmission: SPS scheduling based on the RA procedure
Retransmission: Round-Robin based on the and BSR

	ACK Feedback assumption
	Ideal

	Channel estimation
	Ideal

	RACH overhead 
	6 RBs (15 KHz SCS)

	GB DMRS Overhead
	2 REs/RB (15 KHz SCS)
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