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1 Introduction

Grant-free transmission has been agreed for UL URLLC transmission. During RAN1 AH NR meeting, the following agreements for grant-free transmission were made [1]:
Agreements:
· For an UL transmission scheme without grant
· at least semi-static resource (re-)configuration is supported
· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS
· RS is transmitted together with data
· channel structure of grant-based data transmission can be starting point

Agreements:
· For an UL transmission scheme with/without grant
· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported, 
· FFS the way K is determined

· FFS: hopping mechanisms over the transmissions
In this contribution, further considerations on the grant-free transmission are presented.
2 Whether multiple UEs sharing resource supported?
From the agreement made in last RAN1 #87 meeting, the resource for URLLC may or may not be shared among one or more users. To further discuss the resource allocation for URLLC, we think we should take a look at the resource allocation granularity for URLLC firstly. Considering the typical payload sizes and MCS for URLLC, the bandwidth occupied by a URLLC transmission is shown in Table 1 for different mini-slot structures.

Table 1: Transmission bandwidth for ULRRC [MHz]
	Payload + MCS
	
	Data Symbols/mini-slot

	
	SCS[kHz]
	1
	2
	3
	4
	5
	6

	384RE
[32bytes+QPSK-1/3]
	15
	5.76
	2.88
	1.98
	1.44
	1.26

	1.08

	
	30
	11.52
	5.76
	3.96
	2.88
	2.52
	2.16

	
	60
	23.04
	11.52
	7.92
	5.76
	5.04
	4.32

	600RE
[50bytes+QPSK-1/3]
	15
	9
	4.5
	3.06
	2.34
	1.8
	1.62

	
	30
	18
	9
	6.12
	4.68
	3.6
	3.24

	
	60
	36
	18
	12.24
	9.36
	7.2
	6.48

	2400RE
[200bytes+QPSK-1/3]
	15
	36
	18
	12.06
	9
	7.2
	6.12

	
	30
	72
	36
	24.12
	18
	14.4
	12.24

	
	60
	144
	72
	48.24
	36
	28.8
	24.48


The entries marked with green colour are the promising candidates for URLLC mini-slot structure. From these entries, we find that the resource granularity for URLLC is relatively large.  Therefore, if the resource for URLLC is not shared among UEs, significant resources need to be allocated for the URLLC UEs. The situation may be more serious if the number of URLLC UEs is relatively large in a cell. Therefore, we think resource shared among URLLC UEs should be supported with highest priority.
Proposal 1: The resource shared among multiple URLLC UEs should be supported with higher priority.

3 Configuration on grant-free transmission
For grant-free transmission, the following configuration options can be considered:

· Option-1:  semi-static configuration, e.g. via system information.
· Option-2:  the combination of semi-static and dynamic configurations, e.g. via system information and DCI.
Similar to LTE SPS, the configuration on activation/release of grant-free transmission should be also included. In order to support dynamic activation/release of grant-free transmission as to reduce delay, the dynamic configuration activation/release of grant-free transmission should be supported. Based on the above reason, Option-2 is preferable. In this case, dynamic signalling is at least used to configure activation/release of grant-free transmission. As a choice, except activation/release of grant-free transmission, dynamic signalling can also be used for configuration of specific DMRS and/or a resource pool. In order to reduce control overhead, the configured resource pool may be one of N resource pools pre-configured via semi-static signalling.
For dynamic configuration of grant-free transmission via DCI, the RNTI used for CRC scrambling can be indicated during RRC connection establishment; or reuse C-RNTI, and grant-free transmission is identified by field in DCI or DCI size. In addition, how to ensure reliability of DCI transmission should also be considered, e.g. supporting larger aggregation levels and feedback from UE.
Proposal 2: The combination of semi-static and dynamic configurations should be supported for grant-free.
· At least activation/release of grant-free transmission should be dynamically indicated.

For the shared resource pool configuration, several options can be considered:
· Option-1: a resource pool with fixed resource allocation and MCS is shared by multiple UEs.
· Option-2: a resource pool with multiple resource allocations and MCSs is shared by multiple UEs, and multiple resource allocations occupy different bandwidths.

· Option-3: a resource pool with multiple resource allocations and MCSs is shared by multiple UEs, and multiple resource allocations share the same bandwidth.
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Figure 1: Different options for shared resource pool configuration
For Option-1, only fixed resource allocation is supported. This can simplify the detection complexity at the expense of flexibility. This option is suitable for URLLC UEs with similar payload size. If the payload size of the URLLC UEs varies, Option-1 may not be efficient since the fixed resource allocation should be adapted to the largest payload, which means there will be some resource waste for the UEs with smaller payload. In such case, Option-2 may be more appropriate. In order to further reduce the resource allocation for URLLC UEs, Option-3 may be considered. The difference between Option-3 and Option-2 is whether the different resource allocations share the same bandwidth or not. Although Option-3 seems more efficient, the detection complexity as well as the interference between UEs with different resource allocation should be taken into account. Therefore, Option-2 can achieve good trade-off among flexibility, spectrum efficiency and detection complexity.
Proposal 3: A resource pool with multiple resource allocations and MCSs is shared by multiple UEs.

· The multiple resource allocations occupy different bandwidths.
4 HARQ for grant-free transmission

If a packet of a user fails in an initial transmission, one or more retransmissions may be needed. The HARQ scheme including ACK/NACK feedback and retransmission needs to be considered for URLLC.
For grant-free uplink transmissions, the user will expect to get the gNB to further response at the n-th time unit after its packet transmission. In shared resource allocations, there are three possible cases for decoding:
· Case -1: The gNB succeeds to detect the UE identity and the corresponding data.

· Case -2: The gNB succeeds to detect the UE identity but fails to detect the corresponding data.

· Case -3: The gNB fails to detect anything.

For Case-1, ACK feedback is transmitted from the gNB.
For Case-2, NACK feedback with/without UL grant is transmitted from the gNB. Through UL grant from the gNB, dedicated resource can be allocated for the retransmission to provide the benefits of more reliable transmissions. If the gNB expects that possibility of collision for next grant-free opportunity is very low, or the occupation of grant-based resource is not desired by the gNB, NACK feedback without UL grant can be used. To help the gNB to identify initial transmission or retransmission for grant-free, some methods can be considered, e.g., explicit indication via signalling, and implicit indication via DMRS or physical resource. For NACK feedback with UL grant, UE-specific DCI using C-RNTI scrambling can be used. For ACK and NACK feedback without UL grant, common DCI similar to LTE DCI format 3A can be considered from the perspective of resource efficiency. 
For Case-3, since the gNB fails to detect anything, there will be no feedback from the gNB. In this case, the UE should be able to autonomously trigger a retransmission at a predefined time. Considering the fail transmission mainly caused by collision, the UE should select a physical resource different from the first transmission. Depending on the configuration from the gNB, a UE-specific random resource selection scheme (e.g., resource hopping) should be considered to avoid continuous collisions.

Proposal 4: Grant-based retransmissions should be supported for uplink grant-free transmissions for URLLC.
Proposal 5: ACK/NACK feedback transmitted in common DCI should be considered.
If the size of incoming packet is no more than maximum packet size that can be accommodated by the pre-configured grant-free resource, one-shot grant-free transmission is enough to transmit the incoming packet. Otherwise, the following procedures can be considered: 
· Option-1: Based on one-shot grant-free transmission, SR/BSR is transmitted by UE. Next the UE begins to monitor UL grant for initial transmission, i.e. UE is turned to grant-based transmission.
· Option-2: The incoming packet is divided into multiple small packets. The multiple small packets are in turn transmitted in continuous grant-free slots in terms of grant-free transmission.
From the perspective of reducing delay, in the case that the size of incoming packet is extreme large, Option-1 is more preferable; otherwise, Option-2 is more preferable.
Proposal 6: When the size of incoming packet is more than packet size accommodated by the pre-configured grant-free resource, the switch from grant-free to grant-based depends on size of incoming packet.
5 Consideration on K repetitions
In this case of K repetitions without ACK/NACK feedback or grant, K repetitions will be always performed even though the packet has been detected successfully by gNB, which will frequently happen for URLLC. Thus K repetitions not depending on gNB feedback will cause unnecessary resource waste. For K repetitions, some optimized scheme improving resource efficiency and not losing reliability can be considered.
Observation 1: The balance between reliability and resource efficiency should be considered for K repetitions not depending on ACK/NACK feedback.
In order to improve resource efficiency for K repetitions, the scheme introducing common resource pool for repetition can be considered. In this scheme, the resource pools for initial transmission and repetition are separately configured, and multiple resource pools for initial transmission can share the same resource pool for repetition. 
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Figure 2: Example of introducing common resource pool for 2 repetitions
For example, when K= 2, as shown in Figure 2, 4 resource pools for initial transmission share the same resource pool for repetition. The repetition of any initial transmission is weighted by a scalar and transmitted in common resource pool. This procedure is similar with time domain spreading with spreading sequences {[1, 1] [1, j] [1, -1] [1, -j]}. For the more repetitions, the longer spreading sequence can be used. In section 6.2, link simulation is provided. Based on simulation results, it can be observed that compared with traditional repetition, introducing common resource pool for repetition would not cause the loss of reliability depending on advanced receiver.
Proposal 7: Introducing common resource pool for repetition should be considered for K repetitions.
6 Performance evaluations
6.1 Evaluations on MMSE and MMSE-SIC receivers
In this section, we evaluate the performance when collision happens for OFDMA based grant-free. Here, orthogonal DMRSs for different UEs are assumed. In the simulation, different receivers are considered, as listed in Table 2. The detailed simulation assumptions are listed in Table A1. The simulation results are presented in Figure 3.
In order to reduce receiver processing delay, only one round of interference cancellation is applied for SIC receiver (expressed as SIC1 receiver). Several data signals with high SINR are together demodulated and decoded; then those data signals successfully detected are reconstructed after encoding, modulating and passing channel again; finally these reconstructed data signals are subtracted from received signal, thus the interference from these reconstructed data signals is cancelled perfectly.
Table 2: Simulation cases

	
	UEs/Resource
	Receiver

	Baseline
	1
	MMSE

	Case 2-1
	2
	MMSE

	Case 2-2
	2
	MMSE-SIC1

	Case 2-3
	3
	MMSE

	Case 2-4
	3
	MMSE-SIC1
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Figure 3: Simulation results for OFDMA based grant-free transmission

From the simulation results, it is observed that

· The performance with resource collision degrades significantly if no advanced receiver (SIC receiver) is applied.

· The performance with advanced receiver is similar to that of without collision, which may meet the requirement of URLLC at reasonable SNR region.

Observation 2: For OFDMA based grant-free, advanced receiver is crucial when collision happens.
Note that although the performance with advanced receiver may better satisfy the ultra reliability requirement of URLLC, the processing complexity should not be ignored. Considering the latency requirement for URLLC is very stringent, whether the SIC processing can be finished within such limited time is still FFS. Thus, other solutions to alleviate the effect of collision can also be considered. For example, non-orthogonal MA with low cross-correlation spreading is also a promising candidate. See more details in our accompany contribution [2].

Proposal 8: Non-orthogonal MA with low cross-correlation should be further studied for uplink grant-free transmissions in ULRRC. 
6.2 Evaluations on different repetition transmission schemes
The following two repetition transmission schemes are considered. For Scheme-1, i.e. traditional repetition scheme, as shown in Figure 4(a), there are 4 resource pools for initial transmission and 4 resource pools for repetition, which are reserved for 8 UEs. For Scheme-2, as shown in Figure 4(b), there are 4 resource pools for initial transmission and one common resource pool for repetition, which are also reserved for 8 UEs and 4 resource pools for initial transmission share the single common resource pool for repetition. In common resource pool for repetition, the repetition version of any initial transmission is weighted by a scalar and transmitted (similar with time domain spreading). Scheme-2 has smaller resource allocation than Scheme-1.
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Figure 4: The two repetition transmission schemes for performance evaluation
Figure 5 gives some preliminary results on performance for the above two repetition transmission schemes. Here MMSE-SIC1 receiver is used and there is always an incoming packet for each UE at one grant-free opportunity. The detailed simulation assumptions are listed in Table A2.
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Figure 5: Performance comparison of Scheme-1 and Scheme-2
From the simulation results, it is observed that:

· Scheme-2 has better performance with Scheme-1 from the perspective of reliability.
· Scheme-2 has higher resource efficiency than Scheme-1.
Observation 3: Compared with the traditional repetition scheme, the scheme with common resource pool for repetition and spreading has better performance and higher resource efficiency.

7 Conclusion
In this contribution, different design aspects of grant-free transmission for URLLC are discussed. The main proposals are summarized as follows:
Observation 1: The balance between reliability and resource efficiency should be considered for K repetitions not depending on ACK/NACK feedback.
Observation 2: For OFDMA based grant-free, advanced receiver is crucial when collision happens.

Observation 3: Compared with the traditional repetition scheme, the scheme with common resource pool for repetition and spreading has better performance and higher resource efficiency.

Proposal 1: The resource shared among multiple URLLC UEs should be supported with higher priority.

Proposal 2: The combination of semi-static and dynamic configurations should be supported for grant-free.

· At least activation/release of grant-free transmission should be dynamically indicated.

Proposal 3: A resource pool with multiple resource allocations and MCSs is shared by multiple UEs.

· The multiple resource allocations occupy different bandwidths.

Proposal 4: Grant-based retransmissions should be supported for uplink grant-free transmissions for URLLC.
Proposal 5: ACK/NACK feedback transmitted in common DCI should be considered.

Proposal 6: When the size of incoming packet is more than packet size accommodated by the pre-configured grant-free resource, the switch from grant-free to grant-based depends on size of incoming packet.

Proposal 7: Introducing common resource pool for repetition should be considered for K repetitions.
Proposal 8: Non-orthogonal MA with low cross-correlation should be further studied for uplink grant-free transmissions in ULRRC. 
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Annex

Table A1: Simulation assumptions applied for section 6.1
	Attributes
	Values or assumptions

	Carrier Frequency
	4 GHz

	Simulation bandwidth
	2 RBs

	Number of subcarriers per RB
	12

	Subcarrier spacing
	60 kHz

	TTI length
	0.25 ms

	OFDM symbols per TTI
	14

	OFDM symbols for data
	12

	PHY Packet size
	32 Bytes (including 24bit CRC)

	Modulation and coding rate
	QPSK, 0.44 (256/(288*2))

	Channel model
	TDL-A, 3km/h

	BS antenna configuration
	4Rx

	UE antenna elements
	1Tx

	HARQ
	No

	Channel estimation
	Ideal

	Receiver
	MMSE/MMSE-SIC


Table A2: Simulation assumptions applied for section 6.2
	Attributes
	Values or assumptions

	Carrier Frequency
	4GHz

	Simulation bandwidth
	2 RBs per resource pool

	Number of subcarriers per RB
	12

	Subcarrier spacing
	60 kHz

	TTI length
	0.25 ms

	OFDM symbols per TTI
	14

	OFDM symbols for data
	12

	PHY Packet size
	32 Bytes (including 24bit CRC)

	Modulation and coding rate
	QPSK, 0.44 (256/(288*2))

	Channel model
	TDL-A, 3km/h

	BS antenna configuration
	4Rx

	UE antenna elements
	1Tx

	HARQ
	No

	Channel estimation
	Ideal

	Receiver
	MMSE-SIC


� Integer PRB is assumed and one PRB consists of 12 Sub-carriers in frequency domain.


� Here per UE SNR is defined as the ratio of the received power per UE over the noise power within the transmission bandwidth (2 RBs).
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