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1
Introduction
In RAN1#46bis meeting we arrived at the following agreement [1]:

Conclusion for UL data transmission

· D-FDMA not supported

· L-FDMA with support for inter-TTI FH and intra-TTI FH

Frequency hopping (FH) in the UL of E-UTRA targets maximizing frequency diversity at the same time as attaining good levels of interference averaging. Due to the single-carrier property of the UL waveform, the FH is achieved by using hopped LFDM where the transmission is contiguous in one frequency allocation for the first slot within the sub-frame, and it hops to another contiguous frequency band for the next slot. Besides intra-TTI frequency hopping, FH from one TTI to another can further increase the channel and interference diversity.  
With PUCCH, due to the CDM multiplexing of many UEs, besides frequency hopping as agreed in [2], there are two more dimensions to further increase the interference diversity:

· Cyclic shift sequence hopping
· Applies to both ACK and CQI/CQI+ACK in the absence of PUSCH transmission

· Walsh cover hopping

· Applies to ACK in the absence of PUSCH and CQI transmission

In this document we describe the detailed hopping techniques for both PUSCH and PUCCH.

2
Hopping techniques for PUSCH
To preserve a low PAPR property of the single carrier waveform, the frequency allocation for the UL transmission must be contiguous irrespective of hopping being enabled or not. This implies that the hopping techniques must be able to maintain the frequency contiguity.  In this section we consider two different kinds of hopping techniques for LFDM, cyclic shift FH and mirror transposition FH.
2.1
Cyclic Shift Frequency Hopping
In this hopping technique, the set of contiguous tones are linearly shifted modulo the total system bandwidth as shown in the upper part of Figure 1. However, strict constraint is imposed at the scheduler to maintain a “single carrier” waveform for all users.
2.2 Mirror Transposition Frequency Hopping

In this hopping technique, the set of contiguous tones are mirror transposed to maintain a single carrier waveform as shown in the lower part of Figure 1. However, in certain scenarios, two hops might not be sufficiently spaced in frequency to achieve enough channel diversity.
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Figure 1
Frequency Hopping for LFDM

2.3 Inter-TTI Frequency Hopping

With synchronous HARQ same techniques can also apply to inter-TTI frequency hopping.
2.4 Scheduler Strategy
Depending on the exact resource allocation, the scheduler may choose to implement a cyclic shift or mirror transposition based frequency hopping.

2.5 Multiplexing of hopped and non-hopped transmissions
In a given system, uplink users can be scheduled in non-hopped mode to exploit frequency selective scheduling or in hopped mode to exploit frequency and interference diversity. 
In the cyclic shifted FH approach, the multiplexing of subband scheduling (SS) and FH is accomplished by splitting the spectrum into two halves and the subbands from each half are either allocated to SS or FH sets.

This is shown in Figure 2, wherein subband #1 and #3 are allocated to SS users, while subband #0 and #2 are allocated to FH users.

With mirror transposition, the multiplexing is achieved by splitting the spectrum into edge bands and center bands where the edge bands are used for FH and center bands for SS.

The following is considered to be required to support FH for PUSCH: 

· Subband definition in the context of PUSCH FH

· Indication of whether a particular subband is used for SS or FH
· This signalling can be done over D-BCH. 
· The indication to a particular UE to transmit in SS (not hopped) or FH mode signalled in PDCCH

· 1 bit suffices to indicate hopping or not hopping 

· 1 additional bit is needed to indicate cyclic shift or mirror transposition hopping
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Figure 2
Set Partitioning for SS and FH users
3 Hopping techniques for PUCCH

Besides the intra-TTI FH where the PUCCH hops from one edge band to another within the sub-frame, the support of RB hopping is beneficial to randomize the users coexisting within a given RB for PUCCH transmission. In addition, and in order to randomize the interference from the different UEs within the same RB, there exist other two hopping techniques for PUCCH transmission to achiever further interference average, namely cyclic shift sequence hopping and Walsh cover hopping.

3.3
RB Hopping

The transmission over PUCCH supports CDM multiplexing of UEs by virtue of multiple cyclic shifts of the ZC sequence. Imperfect power control may yield situations where transmissions form certain UEs are received at much higher power compared than transmission from other UEs. 

In order to alleviate the effects of imperfect power control over the PUCCH, we propose pseudo-random RB hopping to randomize over time the group of users that are multiplexed within a given RB. This randomization of UEs multiplexed within a given RB will prevent the situation of static grouping of users with very different receive powers so that the performance degradation can be averaged across users. 
3.1 Cyclic Shift Sequence Hopping
For the PUCCH transmission including both ACK and CQI /CQI+ACK in the absence of PUSCH, the Chu-based CDM is agreed upon. The interference seen by one cyclic shift can be different from the one seen by other shifts. To achieve a better interference average, different cyclic shifts can be used in different symbols within the sub-frame for the same UE. One example is for a particular UE to use cyclic shift i in one symbol, and to use cyclic shift (i+1) modulo total available cyclic shifts in the next symbol and onwards. Same rule applies to all the multiplexing UEs so that the cyclic shift from one UE does not collide with another.
3.2 Walsh Cover Hopping
The Walsh cover hopping is only applicable with ACK only transmission when either CQI or PUSCH is not present. One simple example is to use the ith Walsh cover in the first slot, and (i+1)th cover (modulo Walsh length) in the second slot. Same rule applies to all the multiplexing UEs.
4 Conclusions

We have presented some techniques to achieve intra and inter-TTI frequency hopping for PUSCH which maintains the low PAPR property of the single carrier waveform; with PUCCH besides intra-TTI frequency hopping the cyclic shift sequence hopping and Walsh cover hopping can be applied to further enhance the interference average.
For PUSCH:

· We propose adopting the two hopping strategies described in section 2:
· Cyclic shifted FH

· Mirror transposition FH

For PUCCH:

· We propose adopting RB hopping in addition to cyclic shift and Walsh cover hopping
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