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1. Introduction
In RAN WG1 #46bis, the use of the localized FDMA (LFDMA) with frequency hopping was agreed to achieve frequency diversity gain for the frequency non-selective transmission in PUSCH. Several candidate schemes for hopping configuration in PUSCH are discussed in [1][2]

 REF _Ref181251518 \r \h 
 \* MERGEFORMAT [3]

 REF _Ref181251533 \r \h 
 \* MERGEFORMAT [4][5]. In this contribution, we give some considerations related to the hopping design.
2. Considerations
2.1 Cell-specific hopping pattern timing
As we all know, cell-specific hopping pattern defined in UL not only because signaling overhead but it is convenient to multiplex different users with different occupied consecutive RBs. Another question is what the hopping timing base is, namely based on relative time (e.g. the first allocation time) or absolute time (e.g. the absolute sub-frame or slot number)? In our point of view, cell-specific hopping pattern with hopping timing based on the first allocation maybe bring confliction in allocation of RBs to different users as illustrated in Figure 1. 
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Figure 1. Cell-specific hopping pattern with relative timing

In order to resolve the problem above, we suggest that absolute timing base is used in cell-specific hopping pattern as illustrated in Figure 2. 
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Figure 2. Cell-specific hopping pattern with absolute timing

2.2 Cell-specific hopping pattern 
Due to the single-carrier feature in UL, localized allocation of RBs is required, what is more in order to multiplex different users with different occupied RBs conveniently, some fixed hopping pattern should be defined in advance.
There are two main reasons to apply frequency hopping in UL. One is to obtain frequency diversity gain so to enhance the low SNR at the cell edge and the other is to randomize interference coming from other cells. This randomization is especially useful in the interference limited scenario e.g. at the cell border with high load.
Considering the above two facts that influence hopping pattern design, and if the subband number is 2, we propose the following 3 cases of hopping entries (one hopping pattern includes several hopping entries). Figure 3 illustrated these 3 cases.
· Case 1. Inter-subband hopping on + mirroring on
· Case 2. Inter-subband hopping on + mirroring off  
· Case 3. Inter-subband hopping off + mirroring on
It is noted that mirroring on or off can be subframe (slot) specific or subband specific. That is to say we can define mirroring on or off wherever which subband the user’s RBs belong to or we can define mirroring on or off for each subband in one subframe (slot).
It is also noted that the reason of introduction of case 3 is to present more hopping pattern to randomize interference coming from neighboring cells although frequency diversity gain is not obvious.
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Figure 3. Three cases of hopping entries for 2 subbands
In order to obtain more hopping patterns, the whole band can be divided into more than 2 subbands (e.g. 3 or 4). But it is must be kept in our mind that more subbands means less the max RBs for one free scheduled UE. If you adopt more than 2 subbands, the following three cases of hopping entries (one hopping pattern includes several hopping entries) can be defined.
· Case 1. Inter-subband hopping (span 1,2,3 subbands depend on the subbands number) + mirroring on

· Case 2. Inter-subband hopping (span 1,2,3 subbands depend on the subbands number) + mirroring off  

· Case 3. Inter-subband hopping off + mirroring on
It is noted that mirroring on or off can be subframe (slot) specific or subband specific. That is to say we can define mirroring on or off wherever which subband the user’s RBs belong to or we can define mirroring on or off for each subband in one subframe (slot).

It is also noted that the reason of introduction of case 3 is to present more hopping pattern to randomize interference coming from neighboring cells although frequency diversity gain is not obvious.
We believe that hopping pattern design in UL is a trade-off among frequency diversity gain, the max BW width for UE to be scheduled and interference randomization among different cells.

3. Conclusion
In this contribution, some considerations for PUSCH frequency hopping are raised and corresponding solutions are also presented.:
2 In order to avoid RB conflict among different users with frequency hopping, hopping pattern should be cell-specific and absolute timing e.g. based on absolute subframe (slot) number;
3 The following 3 cases of hopping entries (one hopping pattern includes several hopping entries) in case of 2 subbands

· Case 1. Inter-subband hopping on + mirroring on
· Case 2. Inter-subband hopping on + mirroring off  
· Case 3. Inter-subband hopping off + mirroring on
3. The following 3 cases of hopping entries (one hopping pattern includes several hopping entries) in case of 3 or 4 subbands

· Case 1. Inter-subband hopping (span 1,2,3 subbands depend on the subbands number) + mirroring on

· Case 2. Inter-subband hopping (span 1,2,3 subbands depend on the subbands number) + mirroring off  

· Case 3. Inter-subband hopping off + mirroring on
4. Mirroring on or off can be subframe (slot) specific or subband specific. That is to say we can define mirroring on or off wherever which subband the user’s RBs belong to or we can define mirroring on or off for each subband in one subframe (slot).
4. References

[1] R1-073394, " UL Resource Allocation for Frequency-Diverse (Hopping) Allocations ", 3GPP TSG RAN WG1 #50, Athens, Greece, August 20-24, 2007
[2] R1-074209, " Frequency hopping method for PUSCH ", TSG-RAN WG1 #50bis, Shanghai, China, October 8-12, 2007

[3] R1-074157, " Frequency Hopping Pattern for EUTRA Uplink ", TSG-RAN WG1 #50bis, Shanghai, China, October 8-12, 2007

[4] R1-074495, " Way forward for LFDMA with hopping in PUSCH ", TSG-RAN WG1 #50bis, Shanghai, China, October 8-12, 2007

[5] R1-074222, " The Intra-TTI frequency hopping scheme in PUSCH ", TSG-RAN WG1 #50bis, Shanghai, China, October 8-12, 2007

Page 1 of 4

_1255267737.vsd
Subband 0


Subband 1


Mirroring Off


Mirroring On


Mirroring Off


Conflict 
Happens!


User 1


User 2



_1255270361.vsd
Case 1 
Inter-subband hopping on Mirroring on


Case 2
Inter-subband hopping on Mirroring off


Case 3
Inter-subband hopping off Mirroring on


Subband 0


Subband 1



_1255267718.vsd
 Mirroring Off


 Mirroring On


Subband 0


Subband 1


User 1


User 2


 Mirroring On



