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Introduction
In RAN1#91 meeting, regarding UL transmission without grant, following agreements were made [1].
	
Agreements:
· For grant-free UL transmission, the UE is not expected to be configured with the time duration for the transmission of K repetitions larger than the time duration derived by the periodicity P. 

Agreements:
· The possible values of the repetition K are four values and are {1, 2, 4, 8}.

Agreements:
· For UL transmission without UL grant,
· The n-th transmission occasion of a K repetitions is associated with the (mod(n-1,4)+1)-th value in the configured RV sequence {RV1, RV2, RV3, RV4}, where n=1, 2, …, K.
· For RV sequence {0, 2, 3, 1},
· The initial transmission of a TB shall start at the first transmission occasion of the K repetitions.
· For RV sequence {0, 3, 0, 3},
· The initial transmission of a TB can start at any of the transmission occasions of the K repetitions that are associated with RV=0.
· (working assumption) For RV sequence {0, 0, 0, 0},
· The initial transmission of a TB can start at any of the transmission occasions of the K repetitions when K=1, 2 or 4;
· The initial transmission of a TB can start at any of the transmission occasions of the K repetitions, except the last transmission occasion when K=8.
· [bookmark: OLE_LINK12][bookmark: OLE_LINK15]For any RV sequence, repetition end at the last transmission occasion within the period P.
· Note: The transmission occasion (TO) refers to the time domain resource allocation of one repetition in an aggregation with factor K where the aggregated transmission occasions start in resources configured by the offset and the period.
· FFS: interaction with SFI




In this contribution, we analyse the performance of UL configured grant based on the current configurations supported by NR, and propose procedure to enhance the scheme in order to meet the URLLC requirements.
Discussion
UL configured grant transmission is essential to achieve the strict reliability requirement for URLLC. However, the currently agreed configurations and procedures for UL configured grant can cause issues to the latency and reliability of the URLLC traffic. We will focus on repetitions for reliability evaluations with non-slot based time-domain allocation. 
According to the above agreements, the UE cannot be configured with periodicity (P) that is smaller than the allocated resources for the K repetitions, i.e., where  is the duration of the transmission occasion (TO) for one repetition. Hence, for periodicity P = 2 symbols, the UE can only be configured with K=1. Hence, the reliability has to be achieved without repetitions in time domain, which forces the network to allocate large amount of frequency resources to achieve the required reliability. As the configured grant resources are allocated to the UEs in advance, reserving large bandwidth will result in inefficient utilization of the radio resources.
Observation 1: Restricting the periodicity to be larger than the time of the K repetitions results in inefficient utilization of the radio resources.
Proposal 1: For configured grant, support the configuration where the time duration for the transmission of K repetitions is larger than the time duration derived by the periodicity P.
As mentioned above in the agreements, for RV sequence {0, 2, 3, 1}, the UE shall start the initial transmission of a TB at the first TO of the K repetitions. This restriction causes delays in starting the transmission, and can render the configured grant procedure to be unsuitable for URLLC applications. If the traffic arrives after the first TO of the K repetitions, the UE has to wait until the first TO of the next K repetitions, which would cause issues for both latency and reliability. 
Although latency can be improved to a certain extent by configuring higher subcarrier spacing (e.g., 60 KHz), the transmission reliability cannot be guaranteed because the UE is not allowed to finish the K repetitions if the transmission didn’t start on the first TO. This will be more prominent if the UE transmits small number on the repetitions compared to the configured K, (e.g. the UE transmits one repetition only when it is configured with K= 4).
Simulation results:
We present system-level simulation results on the reliability of packet transmissions with UL configured grants. The simulation compares the achieved packet error rates with each RV sequence. Multiple repetitions of the same TB are processed by gNB with chase combining. All UEs are configured to share the same set of physical resources and are allowed to transmit UL packets with up to K=4 repetitions depending on the timing of the initial transmission occasion. The packets are generated by a uniform random distribution with an average of 50 and 500 packets per second. The periodicity for the UL configured grant is set to P=14 symbols and 60 KHz subcarrier spacing is used. The full list of simulation parameters is provided in the Appendix.
Note that the number of repetitions per each transmitted packet can be 1, 2, 3, or 4 with RV sequence {0,0,0,0}, and it can be 2 or 4 with RV sequence {0,3,0,3}. The packets are generated according to a uniform random distribution and transmitted at the first available transmission occasion according to the RV sequence and packet arrival time (when RV=0). 
Table 1: Evaluation results on packet error rate (K=4)
	Packet rate (packets/sec)
	RV {0, 2, 3, 1}
	RV {0, 3, 0, 3}
	RV {0, 0, 0, 0}

	
	3 UEs
	12 UEs
	3 UEs
	12 UEs
	3 UEs
	12 UEs

	50
	0.000306
	0.001824
	0.002644
	0.016907
	0.010558
	0.040699

	500
	0.002073
	0.092071
	0.026110
	0.200894
	0.059484
	0.248438



Table-1 shows the achieved packet error rate results when 3 and 12 UEs are configured with the same set of physical resources. When RV sequence {0,2,3,1} is used, the packet error rates are below 1% for 3 UEs with both 50 and 500 packets/second average traffic, and also still below 1% for 12 UEs and 50 packets/sec. Changing the RV sequence from RV{0,2,3,1} to RV{0,3,0,3} causes about 10-fold increase in all packet error rates. Error rates increase even further when RV{0,0,0,0} is used.
[image: ] 
Figure 1: CDF of SINR with RV{0,2,3,1}, RV{0,3,0,3}, RV{0,0,0,0} (K = 4 repetitions).
Figure 1 shows the cumulative distribution of combined SINR with 3 UEs (plots with 12 UEs are excluded for better readability). The distribution of the achieved SINR per each single transmission (no repetitions) are also included for reference. We can see that each RV sequence reaches approximately the same SINR values around the upper region of the CDF curves. This is expected as higher SINR values are achievable when all of 4 repetitions are used. On the other hand, the tail region of the CDF curves behave differently with each RV sequence since a minimum of 2 repetitions is possible with RV{0,3,0,3} and a minimum of only 1 repetition is possible with RV{0,0,0,0}. 
As observed from the packet error rates and SINR distribution results, it is clear that the reliability of packet transmission based on an uplink configured grant cannot be guaranteed with RV sequences {0,3,0,3} or {0,0,0,0} when all K repetitions are not used.
Observation 2: The transmission reliability will be jeopardised if UE is not allowed to transmit all the K repetitions.
Proposal 2: For UL configured grant, it should be possible for the UE to finish the K transmissions when the UE is configured with RV sequences {0, 0, 0, 0} and {0, 3, 0, 3}.
1. [bookmark: _Ref485369929]HARQ Process Identification and Repetition Indexing
The challenge in allowing the UE to transmit the K repetitions when the initial transmission didn’t occur at the first TO is related to the HARQ process ID identification. As illustrated in Figure 2, if the initial transmission didn’t occur at the first TO, some of the K repetitions will occur on the next set of K TOs, which is associated with different HARQ ID. 
[image: ]
[bookmark: _Ref506541929]Figure 2: HARQ process ID identification problem when the repetitions occur 
on different HARQ IDs resources (K=4).
In order to come-up with a solution, the current definition of the HARQ process ID can be maintained, but, in line with the agreement in RAN1#90bis [2] stating that “The HARQ ID for a TB should be the same during the repetitions and retransmissions if any”, the HARQ process ID that is associated with all the repetitions of a given data is unique and is equal to the one that corresponds to the resource used for the first repetition. With this HARQ process ID definition, the first repetition is transmitted over the resources associated with the data’s HARQ process ID and subsequent repetitions may use other resources associated with any other HARQ process IDs, while still being logically associated with the HARQ ID of the initial transmission. Figure 2 illustrates the arrival of new data and its transmission with 4 repetitions. As soon as the new data is available, the UE selects the next available TO (here the second TO in HARQ process ID #0) and repeats the transmission across consecutive occasions following a time/frequency resource pattern known both at UE and gNB side.
Proposal 3: For UL configured grant, the HARQ ID is determined by the time-domain resource for the UL data transmission of the first repetition.
Repetition Indexing
For transmission without grant, the gNB may not be able to detect the first “N-1” repetitions of a given data transmission. This can be due to, for instance fading (especially if frequency hopping is adopted to improve diversity), interference, collision, etc. When the gNB detects a transmission, it has to discover which of the K possible repetition instances was transmitted. Knowing the repetition index enables the gNB to trace back the repetition pattern and identify which HARQ process ID is associated with the initial repetition. Consequently, repetition indexing is required for HARQ process identification.
Observation 3: For uplink transmission without grant, the network requires UE data repetition indexing in order to identify the HARQ process used for the transmission.
Recovering the HARQ process ID is useful to handle potential grant based retransmissions and may also help the gNB to properly decode the received repetitions. Additional advantage of repetition indexing can be:
· Repetition re-decoding
In case a repetition index was previously wrongly estimated, due to, for instance, some temporary large delay spread, the data decoding might have failed. Subsequent detection(s) of the repetition index may improve the data decoding if we assume that the data previously received was buffered.
Figure 3 illustrates the above examples showing how the gNB can take advantage of repetition indexing.

[image: ]
[bookmark: _Ref494462694]Figure 3: Use of repetition indexing.
Practically, repetition indexing can be implemented using different cyclic shift versions of the same Zadoff-Chu sequence with sufficient separation between consecutive cyclic shifts w.r.t the maximum channel delay spread.
Proposal 4: The application of cyclic shift versions of a given Zadoff-Chu base sequence to the DMRS can be used to index the K repetitions of a TB.
Conclusion
In this contribution, we mainly discuss the performance of UL configured grant, we have the following observations and proposal:
Observation 1: Restricting the periodicity to be larger than the time of the K repetitions results in inefficient utilization of the radio resources.
Observation 2: The transmission reliability will be jeopardised if UE is not allowed to transmit all the K repetitions.
Observation 3: For uplink transmission without grant, the network requires UE data repetition indexing in order to identify the HARQ process used for the transmission.
Proposal 1: For configured grant, support the configuration where the time duration for the transmission of K repetitions is larger than the time duration derived by the periodicity P.
Proposal 2: For UL configured grant, it should be possible for the UE to finish the K transmissions when the UE is configured with RV sequences {0, 0, 0, 0} and {0, 3, 0, 3}.
Proposal 3: For UL configured grant, the HARQ ID is determined by the time-domain resource for the UL data transmission of the first repetition.
Proposal 4: The application of cyclic shift versions of a given Zadoff-Chu base sequence to the DMRS can be used to index the K repetitions of a TB.
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Table A. Simulation parameters for configured UL grant
	Parameters
	Value

	Simulation time
	5 seconds

	Channel model
	TDL-C (300 ns rms)

	Subcarrier spacing
	60 KHz

	Number of Tx antennas
	2

	Number of Rx antennas
	2

	Channel coding
	LDPC

	Coding rate
	1/3

	HARQ combining
	Chase combining

	Packet rate
	50 or 500 packets/sec

	UL configured grant periodicity 
	14 symbols

	UL configured grant repetition K
	4
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