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[bookmark: _Toc1162283][bookmark: _Toc1162386]In RAN1 #98bis, the agreement below was reached:
Agreements:
· Intra-slot frequency hopping per PO for msgA is configurable using a per msgA configuration
· The hopping pattern is based on the msg 3 hopping pattern in Rel.15
· FH parameters are UL BWP-specific
· FFS whether or not have a guard period between the hop
· FFS whether or not there is an issue for the consecutive POs in time
· No inter-slot frequency hopping and no repetition for msgA PUSCH in Rel-16

In this contribution we discuss the impact of intra-slot frequency hopping and the potential for benefit of an intra-slot time-gap in the presence on multiuser interference. Link level evaluations where the interfering UEs, whose power varies [-5, 5] dB around the operating SNR, arrive at the gNB with a fixed relative delay are simulated with different number of occupied PUSCH PRBs. System level simulation results are also provided, where UEs are randomly dropped within the system and mapped to a gNB based on the link gain. 
[bookmark: _Ref23341002]Link Level Evaluation for msgA PUSCH performance with intra-frequency hopping enabled and with or without intra-slot time gap between hops
In this section, the PUSCH BLER performance of a single UE (labelled UE-1, which is the user of interest) is studied in the presence of three interfering UEs (UEs 2,3,4). Comparison for the setup with and without intra-slot frequency-domain hopping (FH) as shown in Figure 1 is provided. In addition to frequency hopping, the effect of an intra-slot time-domain gap as shown in Figure 2 is also studied.
Simulation setup for LLS
As seen in Figure 1, there are two UE groups, where each group has a pair of UEs scheduled over the same set of PRBs. With FH disabled, each UE group occupies the same set of PRBs, either in the lower half or in the upper half of the resource grid within the symbol slot. With FH enabled, a UE group occupies PRBs in the lower part (upper part for other group) of the resource grid in the first half of the slot. While in the second half of the same slot, the same groups switch the lower and the upper PRB sets.
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Figure 1. Configuration for studying the performance with and without frequency hopping. (left) without frequency hopping, (right) with frequency hopping.
For the LLS of the several cases considered in this paper, the total number of PRBs is set to 50 and the PRB gap between two occupied PRB sets or PUSCH Occasions (POs) is set to 25. The number of occupied PUSCH PRBs is varied as 2, 5 and 10 with the corresponding lower unoccupied PRBs is set to 10, 8 and 3 respectively. The frequency domain hopping distance for all the UEs is the same.
Figure 2 shows the time domain set up assumed for the LLS which is explained below.
            [image: ]
Figure 2. Configuration for studying performance with intra-slot time gap. (top) with intra-slot time gap, (middle) with end-symbols gap, (bottom) with no time gap. DMRS is shown in orange, unoccupied symbols in red, occupied symbols in green.
To compare the setup for varying number of occupied PUSCH PRBs and varying number of occupied OFDM symbols, the SNR needs to be normalized. For this, it is assumed that the energy per slot is constant. 
Based on Figures 1 and 2, the following subcases are shown in the LLS
· case-1: with FH-disabled as in the left part of Figure 1
· case-1a: 8 OFDM symbols occupied. Include an intra-slot time gap by dropping symbols {1, 8} as shown in the top part of Figure 2.

· case-1b: 8 OFDM symbols occupied. Drop symbols {1, 14} as shown in the middle part of Figure 2. This case is included to have a fair comparison with case-1a, i.e., with and without intra-slot time gap configurations. For both case-1a and case-1b, the number of occupied PUSCH OFDM symbols is the same. Further, for a given number of occupied PUSH PRBs, the energy per slot and the energy per occupied RE remain the same across both the cases. 

· case-1c: all the 10 OFDM symbols of a slot are occupied, as shown in the bottom part of Figure 2. Normalized SNR will result in a slightly lower value of energy per occupied resource element (RE) for case-1c when compared to cases 1a and 1b.

· case-2: with FH enabled as in the right part of Figure 1
· the subcases here are the same as subcases in case-1. So, we have case-2a, case-2b, case-2c from Figure 2.

The PUSCH payload size is 72 bits and the transmit power of UEs 2,3,4 is uniformly varied in the range [-5, +5] dB around the operation SNR. Further, UEs 2,3,4 arrive at the gNB with the same value of delay relative to UE-1. This delay value is in the order of x-times the CP length in samples, where x{0.5, 1.0, 1.5}. This parameter is denoted as xCP. Other simulation parameters assumed for the LLS are provided in Table-1 of the Appendix.
Simulation Results
Figure 3 plots the normalized SNR required to achieve a given target BLER against the parameter pair (xCP delay, occupied PRBs). The target BLER on the left side and the right side of Figure 3 is 10% and 1% respectively. As expected, achieving the 1% target BLER requires a higher SNR when compared to the 10%. 
At 10% target BLER, an approximately 0.5 dB gain is observed for the lower range of delay values for both 2 and 5 PRB size POs, while the gain becomes negligible for 10 PRBs. At 1% BLER, an approximately 1.5-2.0 dB gain is observed for the lower range of delay values for both 2 and 5 PRB size POs, while the gain becomes roughly 0.5 for 10 PRBs.
Further, both the cases 1a and 1b have almost identical performance for both 1% and 10% BLER.   Therefore, introducing an intra-slot time gap has no performance gain over the case with no time gap. 
 [image: ] [image: ]
Figure 3. Performance for various considered cases. (left) 10% target BLER, (right) 1% target BLER.

[bookmark: _Toc24199605][bookmark: _Toc24148522][bookmark: _Toc24148523][bookmark: _Toc24148524][bookmark: _Toc24148525][bookmark: _Toc24148526][bookmark: _Toc24148527][bookmark: _Toc24148528][bookmark: _Toc24148529][bookmark: _Toc24148530][bookmark: _Toc24148531][bookmark: _Toc24148532][bookmark: _Toc24148533][bookmark: _Toc24148534][bookmark: _Toc24148535][bookmark: _Toc24148536][bookmark: _Toc24148537][bookmark: _Toc24148538]Depending on conditions studied, frequency hopping can produce a modest gain (on the order of 0.5 dB) at 10% BLER, and a more substantial gain (about 1.5-2 dB) at 1% BLER. 
[bookmark: _Toc24199606][bookmark: _Toc23952313][bookmark: _Toc23952487][bookmark: _Toc24104597][bookmark: _Toc24104722][bookmark: _Toc24104825][bookmark: _Toc24104876][bookmark: _Toc24104898][bookmark: _Toc23952317][bookmark: _Toc23952491][bookmark: _Toc24104601][bookmark: _Toc24104726][bookmark: _Toc24104829][bookmark: _Toc24104880][bookmark: _Toc24104902][bookmark: _Toc23952319][bookmark: _Toc23952493][bookmark: _Toc24104603][bookmark: _Toc24104728][bookmark: _Toc24104831][bookmark: _Toc24104882][bookmark: _Toc24104904]There is no discernible improvement in the link level performance from introducing a gap between hops when intra-slot frequency hopping is used for msgA PUSCH. 
System Level Evaluation for msgA PUSCH performance with intra-frequency hopping enabled and with or without guard time between hops
In this section, we show system level simulation results where UEs are randomly dropped within the system and mapped to a gNB based on the link gain. In every slot UEs are randomly activated. An active UE will randomly select a PRU for transmission, this is done for every transmission attempt. Frequency hopping is compared with no hopping for 12 and 14 OFDM symbols (for both data and RS), for frequency hopping with 12 OFDM symbols we also compare results with 1 OFDM time guard symbol between the two hops with no time guard symbol. Further there are 64 PRUs that are mapped to 8 POs with 4 DMRS ports and 2 DMRS scrambling sequence initializations and there are 2 PRBs/PO. A transport block size of 72 bits is used. Each gNB has 4 receive antennas. The power control target is P0= -110. For retransmission power ramping is done with 3 dB extra power for every re-attempt. A UMi scenario with 7 sites is simulated. Additional simulation assumptions are given in Table 2 in the Appendix. 
In Figure 4 and Figure 5 results are presented for simulations without retransmissions showing the 95-percentile and average BLER respectively versus the average number of active users. 
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[bookmark: _Ref23925903]Figure 4. PUSCH 95 percentile BLER versus active user rate, for 1 transmission attempt for 12 and 14 symbols with and without frequency and for 12 symbols with and without a guard time between the 2 hops.
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[bookmark: _Ref23925909]Figure 5. PUSCH average BLER versus active user rate, for 1 transmission attempt for 12 and 14 symbols with and without frequency and for 12 symbols with and without a guard time between the 2 hops.
In Figure 6, the drop rate is shown, where the UE will have maximum 4 attempts to transmit a packet. If all 4 attempts fail, the packet will be indicated as dropped. If an active UE is randomly selected to be activated, it will start to transmit the new packet when all previous activations are finished.
[image: ]
[bookmark: _Ref23926070]Figure 6. PUSCH drop rate versus active user rate, for 4 transmission attempts for 12 and 14 symbols with and without frequency and for 12 symbols with and without a guard time between the 2 hops.
From the 95% BLER results in Figure 4, we can observe substantial gains (on the order of 60% increase in served UEs) with frequency hopping. However in the packet dropping results in Figure 5, we see gains only at for low load for very low drop rates (below 1%), while at high loads the results are better with no frequency hopping due to the channel filtering. Therefore, we can observe that frequency hopping can improve substantially performance at the cell edge when diversity from other sources such as reattempts are not available.
Comparing the results with or without a time guard symbol, the performance is almost the same (the curves are essentially on top of each other in all figures in the regions of interest). The performance can be improved by transmitting more symbols rather than having time guard symbols, e.g. the 14 symbols results are better than the 12 symbols result, i.e. the same observation as for the link level simulations results above apply here also. 
[bookmark: _Toc24199607]Frequency hopping can improve substantially improve performance (for example by an increase of 60% capacity in conditions studied) at the cell edge when diversity from other sources such as reattempts are not available
[bookmark: _Toc24199608]For a given number of PUSCH symbols, introducing a gap between symbols does not improve system level performance.
[bookmark: _Toc24199609]Using a larger number of PUSCH symbols instead of introducing a gap notably improves system level performance.
[bookmark: _Toc24199541]msgA PUSCH configurations do not support gap symbol(s) between the hops of msgA PUSCH when intra-slot frequency hopping is enabled.
Conclusion
In the previous sections we made the following observations: 
Observation 1	Depending on conditions studied, frequency hopping can produce a modest gain (on the order of 0.5 dB) at 10% BLER, and a more substantial gain (about 1.5-2 dB) at 1% BLER.
Observation 2	There is no discernible improvement in the link level performance from introducing a gap between hops when intra-slot frequency hopping is used for msgA PUSCH.
Observation 3	Frequency hopping can improve substantially improve performance (for example by an increase of 60% capacity in conditions studied) at the cell edge when diversity from other sources such as reattempts are not available
Observation 4	For a given number of PUSCH symbols, introducing a gap between symbols does not improve system level performance.
Observation 5	Using a larger number of PUSCH symbols instead of introducing a gap notably improves system level performance.
According to the observations above, we propose the following:
Proposal 1	msgA PUSCH configurations do not support gap symbol(s) between the hops of msgA PUSCH when intra-slot frequency hopping is enabled.

[bookmark: _In-sequence_SDU_delivery]References


Appendix
Table-1: Simulation parameters used for LLS.
	Channel model
	TDL-A

	Desired RMS delay spread 
	300ns

	UE speed
	3kmph

	carrier frequency
	4GHz

	number of slots
	10,000

	number of OFDM symbols per slot
	14

	number of DMRS symbols per slot
	4

	DMRS type
	Type-1, Single, 3-Additional

	FFT size
	2048

	numerology
	30kHz

	Total number of PRBs in carrier 
	50

	number of subcarriers per PRB
	12

	number of receive antennas
	4

	number of transmit antennas per UE
	1

	number of PUSCH transmit bits
	72

	symbol modulation
	QPSK



Table-2: System simulation parameters
	Parameters
	Values

	Layout
	Single layer - Macro layer: Hex. Grid, 7 sites

	Inter-BS distance
	200m

	Carrier frequency
	4GHz

	Simulation bandwidth
	16 PRBs

	Channel model
	UMi in TR 38.901

	Number of UEs in system
	Varies (Max number of UEs 1000)

	UE Tx power
	Max 23 dBm

	BS antenna configuration
	4 Rx
4 ports: (M, N, P, Mg, Ng) = (10, 2, 2, 1, 1), 4 TXRU;
dH = 0.5λ, dV = 0.8λ;
BS antenna downtilt 102

	BS antenna height
	25m

	BS antenna element gain + connector loss
	8 dBi, including 3dB cable loss

	BS receiver noise figure
	5dB

	UE antenna configuration
	1Tx 

	UE antenna height
	Follow the modelling of TR 38.901

	UE antenna gain
	0dBi as starting point

	UE distribution
	20% of users are outdoors (3km/h), 80% of users are indoor (3km/h); Users dropped uniformly in entire system 

	UE power control
	Open loop PC, (38.213 with α=1, P0=-110) 

	Waveform (data part)
	CP-OFDM

	Subcarrier spacing for PUSCH
	30kHz 

	TBS
	72 bits 

	MCS and Resource size
	QPSK, 2 PRBs/PO

	DMRS configuration
	Type 1, Single, 3-Additional

	Number of DMRS symbols
	4

	Timing offset
	Uniform over [0, 7.69e-7] 

	Frequency offset
	Uniform over [-600, 600]

	Max number of HARQ transmission
	1

	Max transmission attempts
	1 or 4

	Traffic model
	UEs are activated each slot using a uniform distribution. In case of an ongoing transmission the UE starts the new activation when the previous activations are finished. 

	Receiver
	MMSE-IRC 

	Channel and timing error estimation
	Realistic
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