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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 a PUSCH hopping method exploiting combination of inter-subband hopping and intra-subband mirroring, which satisfy the requirements above well.
2. Discussion on current proposals based on subbands
By a rough classification, there have been two proposals for PUSCH frequency hopping which exploit a ‘subband’ concept, that is, random subband shifting [1][2] and combination of inter-subband hopping and intra-subband mirroring [3][4].
In random subband shifting from [1], subbands are cyclically shifted by an amount of n(t) subbands every slot or subframe, where n(t) is generated in a cell specific random manner every slot or subframe. This operation is illustrated in figure 1.
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Figure 1     Random subband shifting in case of 3 subbands

In combination of inter-subband hopping and intra-subband mirroring from [3], total PUSCH band is divided by 2 subbands. Then, subbands are changed every slot or subframe while intra-subband mirroring is set on or off in a cell specific random manner. This operation is illustrated in figure 2.
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Figure 2    Combination of inter-subband hopping and intra-subband mirroring

Further, in [4] a general usage of inter-subband hopping and intra-subband mirroring for 2 or more subband cases is suggested.

Regarding those 2 proposals, we observe the following points.
· Random subband shifting can be expressed by a shifting amount generation algorithm only, while subband hopping should include definition of possible hopping patterns between consecutive transmissions. However, hopping pattern definition would not be so complex since it can be tabulated simply.

· Intra-subband mirroring provides more hop positions in addition to the random subband shifting or inter-subband hopping.
· In combination of inter-subband hopping and intra-subband mirroring, there are hopping patterns where RBs hop to consecutive (or very near) RBs. This occurs when a subband hops to a neighboring subband (this is always the case for 2 subbands and always hopping on case) and mirroring is applied to that subband, which is illustrated in figure 3.
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Figure 3    Problematic hopping pattern with subband hopping and mirroring
· In combination of inter-subband hopping and intra-subband mirroring, diversity gain will be reduced for RBs in center part in each subband if those RBs hop to the same subband (actually no hopping) and only mirroring in that subband is set on, which is illustrated in figure 4. This problem occurs when hopping is applied to most of the uplink traffics so that center parts of subbands are occupied those traffics.
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Figure 4     Problematic hopping pattern with mirroring only

3. Proposed PUSCH hopping method
Considering pros and cons of current proposals above, we suggest the following method as PUSCH hopping method.

1. Total PUSCH transmission band is divided by NSB subbands, especially maximum 4 subbands. NSB should be configurable since actual PUSCH transmission bandwidth can vary according to the amount of PUCCH allocation even for a same system bandwidth.

2. For 2 subbands case, only 2 hopping patterns are defined, that is, inter-subband hopping only and intra-subband mirroring only, to prevent problem of hopping to consecutive RBs shown in figure 3. Those hopping patterns are shown in figure 5. It should be noted that all the possible 4 hopping positions are exploited with this 2 patterns as well, which is illustrated in figure 6.
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Figure 5   Proposed hopping patterns for 2 subbands case
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Figure 6    Example of applying 2 hopping patterns
3. For more than 2 subbands cases, hopping patterns not allowing hopping to consecutive RBs are defined. For 3 subbands case, there are 11 hopping patterns combining inter-subband hopping and intra-subband mirroring as shown in figure 7. Especially only first 4 patterns can be defined to avoid hopping to a same subband (mirroring only). For 4 subbands case, hopping patterns can be selected with same principles. Moreover, number of hopping patterns for 4 subbands case can be limited to simplify the hopping pattern set.
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Figure 7   Proposed hopping patterns for 3 subbands case
4. Hopping patterns for each number of subbands can be tabulated without complex description or figures. Each pattern is assigned a hopping pattern index. An example is shown in table 1.
Table 1    Example of hopping pattern table for 2 subbands case

	Pattern index
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	Subband hopping
	(2,0,1)
	(2,0,1)
	(1,2,0)
	(1,2,0)
	(0,2,1)
	(1,0,2)
	(2,1,0)
	(2,1,0)
	(2,1,0)
	(2,1,0)
	(0,1,2)

	mirroring
	(x,x,x)
	(o,x,x)
	(x,x,x)
	(x,x,o)
	(o,x,x)
	(x,x,o)
	(x,o,x)
	(o,o,x)
	(x,o,o)
	(o,o,o)
	(o,o,o)


5. Hopping pattern index to be applied to next slot or subframe is generated in a cell-specific random manner.

6. In addition to the hopping method above, mirroring over whole PUSCH band is employed as another PUSCH hopping mode for small system bandwidth cases.

4. Conclusions
In this contribution, we introduced a proposal for PUSCH hopping which includes combination of inter-subband hopping and intra-subband mirroring. We suggest employing this proposal as a PUSCH hopping method in E-UTRA. 
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