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Introduction
Frequency hopping is an important tool to improve PUSCH performance, and so is being enhanced for use with joint channel estimation (JCE) in the NR coverage enhancement work item.  Both JCE and TBoMS are being developed around the assumption that multi-slot transmission of a transport block is used, with Type A repetition driving the JCE design and Type A – like repetition being used in the case of TBoMS.  Given this strong similarity, the two features can then both benefit from inter-slot frequency hopping.  In this contribution, we investigate the performance of the frequency hopping pattern originally developed for joint channel estimation applications in [1] when it is used for TBoMS. 
Discussion
Enhanced frequency hopping for TBoMS
Inter-slot frequency hopping is supported in NR Rel 15/16, where PUSCH hops every slot and has two hopping positions in the frequency domain. In this contribution, we study the performance of TBoMS with a new inter-slot frequency hopping pattern from [1]. 
[bookmark: _Hlk83806737]Figure 1 shows the performance as the number of consecutive slots per hop varies. In these simulations, the UE is allocated two PRBs and the frequency hopping offset between the two hops is 48 PRBs. We assume a single TBoMS is transmitted over four slots together with four repetitions without DMRS bundling. The simulated frequency hopping patterns include no frequency hopping, inter-slot frequency hopping, and inter-repetition frequency hopping (i.e. where the UE dwells on the same PRBs for 4 slots). Detailed simulation parameters are in the Appendix.
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]We observe that the performance of inter-slot frequency hopping and inter-repetition frequency hopping is virtually identical in this scenario, which is not surprising given the 3 kmph speed simulated, and since joint channel estimation is not used here.  However, there is a quite notable diversity gain from frequency hopping of about 1.4 dB at 10% BLER.  Gains are even larger at 1% BLER.
[image: 图表, 折线图

描述已自动生成]
[bookmark: _Hlk83805523]Figure 1, different frequency hopping patterns for TBoMS with repetition 
Observation 1:
· Inter-slot frequency hopping provides notable gain for TBoMS
· [bookmark: _Hlk83807615]The gains of Inter-slot frequency hopping do not seem sensitive to the number of consecutive slots per hop, at least if joint channel estimation is not used. 
Figure 2 shows the performance of different numbers of hopping positions for TBoMS. In this case, the UE is also allocated two PRBs and a single TBoMS over four slots together with four repetitions without DMRS bundling. Inter-slot frequency hopping is again used. We simulated a hopping pattern with two hopping positions (as in Rel-15/16) and three hopping positions (according to the pattern described in [1]). For three hopping positions, the FH offset is 24 PRBs. For two hopping positions, the FH offset is 48 PRBs. Comparing the curves at 10% and 1% BLER, we observe that using one more frequency hopping position can bring 0.7 dB and 1.4 dB additional frequency hopping gain, respectively, in this scenario.  
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Figure 2, different frequency hopping positions for TBoMS with repetition
Observation 2:
· One more frequency hopping position can bring a better performance for four repetitions of a TBoMS over four slots.
· In the 700 MHz scenario simulated, gains of 0.7 dB at 10% BLER and 1.4 dB at 1% BLER were observed
Given the strong gains found for the enhanced frequency hopping pattern of [1] when used with TBoMS, enhanced frequency hopping patterns developed for joint channel estimation should also be supported for TBoMS, provided they have gains similar to those observed here.
Proposal 1:
· Support enhanced frequency hopping patterns that boost TBoMS performance, such as that proposed in [1]
Summary
In this contribution, we investigated the performance of the frequency hopping pattern originally developed for joint channel estimation applications in [1] when it is used for TBoMS. We make the following observations and proposal:
Observation 1:
· Inter-slot frequency hopping provides notable gain for TBoMS
· The gains of Inter-slot frequency hopping do not seem sensitive to the number of consecutive slots per hop, at least if joint channel estimation is not used. 
Observation 2:
· One more frequency hopping position can bring a better performance for four repetitions of a TBoMS over four slots.
· In the 700 MHz scenario simulated, gains of 0.7 dB at 10% BLER and 1.4 dB at 1% BLER were observed
Proposal 1:
· Support enhanced frequency hopping patterns that boost TBoMS performance, such as that proposed in [1]
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Appendix: Simulation parameters

Table 1: Simulation parameters
	System
	· Carrier frequency 700MHz
· 15 kHz SCS
· FDD
· Waveform: DFT-s-OFDM

	UE speed
	· 3 km/h

	MCS table
	· Table 1 for PUSCH with transform precoding (q=2)

	DMRS configuration
	· Type 1, 2 DMRS symbols

	PUSCH duration
	· 14 symbols

	PRB num
	· 2 PRBs in one slot

	Channel
	· TDL-C (NLoS), 300ns delay spread, medium correlation

	Antennas
	· 1T2R for FDD

	Function
	· Disable HARQ and Link adaptation

	Time domain
Resource allocation
	· TBoMS: Type-A like TDRA
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