3GPP TSG RAN WG1 #104-e		                                    		   R1-2100749 
e-Meeting, Jan 25th – Feb 5th, 2021

Agenda Item:	8.8.4
Source:	InterDigital Inc.
Title:	Discussion on the number of HARQ processes for VoIP 
Document for:	Discussion and Decision
[bookmark: _Ref513464071]Introduction
In RAN1#102e, the following agreement was made related the latency requirement for VoIP [1].
	Agreements:
· Latency requirements assumed in VoIP evaluation for TDD and FDD are reported by companies




In VoIP service, multiple HARQ processes can be used to serve periodically generated VoIP data and transmit them within the latency requirement. The advantage or disadvantage of the use of multiple HARQ processes cannot be observed through link level simulation. Motivations for using multiple HARQ processes for VoIP service with different latency requirements are explained in this contribution. Analysis of accumulated VoIP packets at the UE is presented to recommend consideration of multiple HARQ process during the work item phase for coverage enhancement. A proposal is made to specify coverage enhancements considering multiple HARQ processes.
Multiple HARQ processes for VoIP for TDD and FDD
Allowable number of HARQ processes
In RAN1#101e, it was agreed to support both 50ms and 100ms for latency requirements for VoIP [2]. In the LTE coverage enhancement study, FDD was assumed and both 50ms and 100ms for latency requirement were considered [3]. It is clear that for FDD, to increase capacity for the HARQ operation, the number of HARQ processes can be increased to accept new VoIP packets which are assumed to be generated every 20ms [2]. 
However, for TDD, since the number of uplink slots is limited, the number of HARQ processes cannot be increased easily. Consequently, the tradeoff between the number of repetitions and number of HARQ processes has to be considered for TDD VoIP. 
An example is illustrated to in Figure 1 to describe the relationship between HARQ process, number of repetitions and latency requirement. In Figure 1, subcarrier spacing (SCS) of 30KHz, a TDD configuration of DDDSU, 2 HARQ processes, labelled as HARQ #0 and HARQ #1 in the figure, and repetition factor of 2 are assumed. In the TDD configuration, D, S and U represent downlink, special and uplink slot, respectively. The combination of SCS and TDD configuration illustrated in the figure is one of the parameter sets agreed in the study item for NR Coverage enhancement [4]. In addition, 20ms generation rate for a VoIP packet is assumed in the example. 
[image: ]
[bookmark: _Ref47709294]Figure 1 An example illustrating 2 HARQ process and repetition factor of 2 for TDD VoIP
From the example, it is clear that given 2 HARQ processes, the maximum allowable transmissions of a bundle is 5 within the latency requirement of 50ms. If only one HARQ process and repetition factor of 2 is assumed, the maximum allowable transmission of a bundle is 10 within the latency requirement of 50ms. 
If the latency requirement of 100ms and 2 repetition factor are assumed, the maximum allowable transmission for 1 or 2 HARQ processes can be increased to 20 and 10, respectively. If the latency requirement is assumed to be 20ms, 1 HARQ process with 4 repetitions with up to 2 retransmission can be configured.
It is obvious from the above example that the longer latency requirement provides a room for larger number of retransmissions. Thus, rBLER performance improves with the longer latency requirement, as verified by the evaluation results shown in Figure 2. The evaluation assumptions are shown in Table 1. It is clear that for a larger value of latency requirement, such as 100ms, by setting the number of HARQ processes small, more retransmissions can be allowed, improving the rBLER performance. A similar trend, where the system with a longer latency requirement yields better rBLER, can be observed in Figure 3 where 1TX and 4RX are assumed in the evaluation.
[image: ]
[bookmark: _Ref61819224]Figure 2 rBLER performance, VoIP, TDD, 4GHz, 1TX, 2RX
[image: ]
[bookmark: _Ref61823907]Figure 3 rBLER performance, VoIP, TDD, 4GHz, 1TX, 4RX
Observation 1: Longer latency requirement allows larger number of retransmissions for VoIP TDD, improving the rBLER performance of VoIP.
One of the disadvantages of having only one HARQ process is that in the low SNR region, the new packets generated every 20ms accumulate in the buffer at UE. Since the latency timer starts as soon as a new VoIP packet is generated, the UE may not be able to transmit some of the VoIP packets, resulting in packet loss and degrading rBLER performance. Thus, we make the following observation.
Observation 2: Trade off between the number of HARQ processes and number of repetitions should be considered for TDD VoIP
An example of the buffer status is shown in Figure 4 where the number of packets served by 1 or 2 HARQ processes with the maximum transmission of 20 attempts and 10 attempts, respectively, when 100ms latency requirement is assumed. The evaluation assumptions in Table 1 are assumed. Repetition factor of 2 is assumed. The number of packets in the buffer are analyzed over 100 TDD uplink slots and averaged over 20 iterations. In the figure, the SNR values at which buffer accumulation did not occur are not shown.
From the figure, it is clear that up to -9dB, simulation indicate that the number of packets accumulate in the buffer, when 1 HARQ process is assumed. It should be noted that from our evaluation results presented in Figure 2, the target rBLER=2x10-2 is reached at around SNR=-10dB for the 100ms latency requirement. From Figure 2, it is clear the accumulation of VoIP packets occur at SNR=-10dB.
Another example of the buffer status is shown in the same figure where the number of HARQ processes is 2 with maximum transmission of 10 attempts with the latency requirement of 100ms. Repetition factor of 2 is assumed. From the figure, it is clear that compared to the results with 1 HARQ process, the number of accumulated packets is lower.
[image: ]
[bookmark: _Ref47655599]Figure 4 Average number of packets accumulated in the buffer for 1 or 2 HARQ process, 100ms latency requirement, urban scenario with 2DMRS symbols, buffer status tracked over 100 uplink slots, averaged over 20 iterations, 2 repetitions, 1TX, 2RX

[image: ]
Figure 5 Average number of packets accumulated in the buffer for 1 or 2 HARQ process, 50ms  latency requirement, rural scenario with 2DMRS symbols, buffer status tracked over 100 uplink slots, averaged over 100 iterations, 2 repetitions, 1TX, 2RX
Another set of examples of the buffer status are shown in Figure 5 where the number of packets served by 1 HARQ processes with the maximum retransmission of 10 attempts, when 50ms latency requirement is assumed. For 2 HARQ processes, the maximum retransmission of 5 attempts is assumed. Repetition factor of 2 is assumed. The number of packets in the buffer are analyzed over 100 TDD uplink slots and averaged over 20 iterations. In the figure, the SNR values at which buffer accumulation did not occur are not shown.
 From the figure, it is clear that up to -9dB, simulation indicate that the number of packets accumulate in the buffer, if only 1 HARQ process is assumed. Therefore, with 1 HARQ processes, buffer accumulation cannot be avoided at SNR=-9dB. In the figure, by 2 HARQ processes with the maximum transmission of 5 attempts, when 50ms latency requirement is assumed. It is clear from the evaluation results that multiple HARQ processes decrease the average number of packets. Moreover, at -9dB, buffer accumulation was not observed when 2 HARQ processes were used. Thus, we make the following observations.
Observation 3: If one HARQ process is assumed in evaluation, gNB may not be able to receive the buffered VoIP packets at the UE within the latency requirement.
Observation 4: Attention should be paid on buffer status at the UE during rBLER evaluation for TDD VoIP 
Similar results can be observed for FDD evaluation. In Figure 6, average number of packets accumulated in the buffer for 3 HARQ process, 100ms latency requirement, rural scenario with 2DMRS symbols is shown. The number of repetitions and maximum retransmissions are assumed to be 4 and 3, respectively. Details of the evaluation assumptions are shown in Table 2. It is clear from the figure that for lower SNR, the number of packets in the buffer increases as the time progresses. Due to optimized combination of the number of the HARQ parameters, the number of packets in the buffer can be kept low.
[image: ]
Figure 6 Average number of packets accumulated in the buffer for 3 HARQ process, 100ms latency requirement, rural scenario with 2DMRS symbols, buffer status tracked over 500 uplink slots, averaged over 20 iterations, 4 repetitions, 3 retransmission, 1TX, 2RX
Based on the above observations, it is clear that BLER performance does not indicate whether periodically generated VoIP packets have been successfully transmitted. Thus, the BLER performance may not justify the choice of HARQ parameters assumed in the simulation. Thus the following proposal is made.
Proposal 1: Specify coverage enhancements assuming multiple number of HARQ processes for uplink TDD VoIP
Conclusion.
In this contribution, the following observations and proposals are made.
Observation 1: Longer latency requirement allows larger number of retransmissions for VoIP TDD, improving the rBLER performance of VoIP.
Observation 2: Trade off between the number of HARQ processes and number of repetitions should be considered for TDD VoIP
Observation 3: If one HARQ process is assumed in evaluation, gNB may not be able to receive the buffered VoIP packets at the UE within the latency requirement.
Observation 4: Attention should be paid on buffer status at the UE during rBLER evaluation for TDD VoIP 
Proposal 1: Specify coverage enhancements assuming multiple number of HARQ processes for uplink TDD VoIP
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Appendix
[bookmark: _Ref61819975]Table 1 VoIP PUSCH parameters, TDD
	Parameters
	Values

	Frequency Region
	FR1

	Duplexing mode
	TDD

	Carrier Frequency
	4GHz

	Subcarrier Spacing (kHz)
	30

	Tx  Bandwidth Configuration (MHz)
	100

	Waveform
	DFTsOFDM

	PHY channel
	PUSCH

	Allocation  (# of PRB)
	4

	DM-RS Type
	Configuration Type 1 (according to Table 6.4.1.1.3-1 in TS 38.211)

	DM-RS (# of OFDM symbols)
	Type B for uplink (14)

	Precoder
	None

	MCS index, table, VoIP packet size
	#4, Table 6.1.4.1-1, TS 38.214, VoIP packet size=320 bits 

	HARQ sequence
	0,2,3,1

	Repetition/HARQ scheme
	Configurations for PUSCH
20ms latency requirement : 2 repetitions, H=1 HARQ processes, 4 maximum retransmissions
50ms latency requirement : 2 repetitions, H=1 or 2 HARQ processes, 10 or 5 maximum retransmissions for H=1 and 2, respectively
100ms latency requirement :2 repetitions, H=1 or 2 HARQ processes, 20 or 10 maximum retransmissions for H=1 and 2, respectively

	Frequency Hopping
	Disabled

	Antenna Configuration
	1x2/4 uplink channels (i.e., 1 TX at UE and 2/4 RX at BS)

	PA impairment
	Ideal

	Channel model (TDL type, DS)
	TDL-C, DS=300ns

	TX pattern per frame (for TDD)
	DDDSU

	UE mobility
	3km/hr

	Target residual BLER
	2%



[bookmark: _Ref61820008]Table 2 VoIP PUSCH parameters, FDD
	Parameters
	Values

	Frequency Region
	FR1

	Duplexing mode
	FDD

	Carrier Frequency
	700MHz

	Subcarrier Spacing (kHz)
	15

	Tx  Bandwidth Configuration (MHz)
	20

	Waveform
	DFTsOFDM

	PHY channel
	PUSCH

	Allocation  (# of PRB)
	4

	DM-RS Type
	Configuration Type 1 (according to Table 6.4.1.1.3-1 in TS 38.211)

	DM-RS (# of OFDM symbols)
	Type B for uplink (14)

	Precoder
	None

	MCS index, table, VoIP packet size
	#4, Table 6.1.4.1-1, TS 38.214, VoIP packet size=320 bits 

	HARQ sequence
	0,2,3,1

	Repetition/HARQ scheme
	50ms latency requirement : 4 repetitions, 3 HARQ processes, 5 maximum retransmissions
100ms latency requirement : 4 repetitions, 3 HARQ processes, 9 maximum retransmissions

	Frequency Hopping
	Disabled

	Antenna Configuration
	1x2 uplink channels (i.e., 1 TX at UE and 2 RX at BS)

	PA impairment
	Ideal

	Channel model (TDL type, DS)
	TDL-C, DS=300ns

	UE mobility
	3km/hr
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