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1. Introduction
Frequency hopping for PUSCH should be designed to fulfill the following requirements.

· Frequency diversity should be guaranteed.

· Interference randomization should be guaranteed.

· Single carrier characteristics for uplink transmission should be kept.

· Coexistence with frequency selective scheduling should be considered.

In this contribution, we propose employing both mirroring [1] and subband hopping for PUSCH frequency hopping. In more details, we introduce a simple method of subband hopping for PUSCH.
2. Frequency hopping methods for PUSCH
We suggest employing two modes for PUSCH frequency hopping, that is, mirroring and subband hopping. 
· Mode 1. Mirroring over system bandwidth

In this mode, RBs for PUSCH transmission are mirrored over total PUSCH band every slot (or subframe) as shown in figure 1.
Pros)

· Very simple
· All the RBs remaining for frequency selective scheduling are consecutive.

· Applicable in utilizing sideband slots remaining after PUCCH transmission
Cons)

· No interference randomization

· Frequency diversity from only 2 frequency hops
· Frequency diversity is different depending on the assigned RB position

· Frequency selectivity over the frequency selective scheduling band can be small depending on the system bandwidth and amount of frequency hopping RBs.

Considering properties above, mirroring mode can be applied to relatively small system bandwidth cases or when amount of frequency hopping RBs is small.
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Figure 1. Mirroring over system bandwidth
· Mode 2. Subband hopping

In this mode, system band for PUSCH transmission is divided by multiple subbands as shown in figure 2 and frequency hopping is done over multiple subbands by a known pattern. In the example of figure 2, a subband contains 
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 RBs and PUSCH transmission band consists of 
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subbands so that 2 RBs in a slot cannot be used for frequency hopping transmission. However, subband structure doesn’t need to be introduced in the specification. Instead, a UE’s transmission in next slot (or subframe) can be defined as cyclic shift of RB index by integer multiples of 
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. This operation can be described as follows.
· For the 1st slot (or subframe), UE transmits PUSCH via its scheduled RB. 

· From the 2nd slot (or subframe), the following is applied.
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In the above, RB(t) indicates RB index (assigned only for the 
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 RBs, counted from 0) at t-th slot (or subframe).  a(t) is a cell-specific random number generated within 1~
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. a(t) value at a certain time should be common for all the UEs in a cell so that PUSCH transmission from different UEs should not collide to each other. A frequency hopping with a simple cyclic shift pattern is also possible by setting a(t)=1 always. Figure 3 illustrates subband hopping operation.
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Figure 2. Subband structure for subband hopping
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Figure 3. Subband hopping operation

Pros)

· Interference randomization is achieved by applying cell-specific a(t) value generation.
· Frequency diversity from 
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 hops can be achieved.

Cons)

· System band for frequency selective scheduling is divided by 
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 non-consecutive bands
· Amount of RBs scheduled to each UE may be limited.
Considering properties above, subband hopping mode can be applied to relatively large system bandwidth cases.

· Signaling for frequency hopping

Required signaling for the proposed frequency hopping operation is as follows.
· Frequency hopping mode: 1 bit broadcast or RRC signaling to indicate mirroring or subband hopping

· Frequency hopping on/off: 1 bit in PDCCH for uplink scheduling grant
· 
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: Broadcast or RRC signaling to indicate subband size by number of RBs, typically, 6 bits (range of 10~50 RBs).
· Signaling for a(t) generation: a(t) may be generated using m-sequence generator [2], then, synchronization between different UEs can be achieved by RRC signaling of m-sequence generator status or by relating system frame number and m-sequence generator status.
3. Inter-subframe and inter-slot hopping
It is still FFS which combinations of inter-subframe hopping and inter-slot hopping should be supported. In figure 4, link-level throughput results for 3 combinations are shown, that is, inter-subframe FH only, inter-slot FH only and combined case of inter-subframe and inter-slot FH, where simulation assumptions are shown in table 1. Result in figure 4 shows that inter-subframe hopping provides throughput gain in low SNR area and combined inter-subframe and inter-slot hopping provides throughput gain in high SNR area. Inter-slot hopping only doesn’t show considerable gain over those two configurations. 
Therefore, we suggest semi-statically on/off inter-slot hopping on top of inter-subframe hopping as a default hopping mode.
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Figure 4         Link-level throughput with inter-subframe hopping and inter-slot hopping

Table 1         Simulation assumptions

	Parameters
	Value

	Number of simulation
	80,000 TTIs

	Bandwidth
	5MHz

	Modulation & Channel coding
	QPSK (Turbo R=1/3) for intial Tx

	Amount of resource used in data
	12 subcarriers over 12 SC-FDMA symbols

	Channel model
	Typical Urban

	UE speed (km/h)
	3km/h

	Channel estimation
	DFT based channel estimation

	Number of antennas
	Tx 1, Rx 2 (MMSE receiver)

	HARQ method
	Chase combining

	Maximum number of HARQ retransmissions
	4

	HARQ transmission interval
	8 TTIs


4. Conclusions

In this contribution, we propose the followings for PUSCH frequency hopping.
· Semi-statically configurable frequency hopping mode between mirroring and subband hopping
· For subband hopping, cell-specific predefined hopping pattern is applied (cell-common cyclic shifting may be configured as a subset of hopping patterns)
· Frequency hopping on/off is signaled via uplink scheduling grant in PDCCH.

· Inter-slot hopping is semi-statically on/off on top of inter-subframe hopping as a default hopping mode.

References

[1] R1-073264, “PUSCH and PUCCH hopping patterns,” Qualcomm
[2] R1-073468, “Frequency Hopping Pattern for EUTRA Uplink,” NEC































































































































































PAGE  
1

_1252763910.unknown

_1252763991.unknown

_1252764576.unknown

_1252765401.unknown

_1252764180.unknown

_1252763705.unknown

_1252763677.unknown

