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1 Introduction

In this paper, we consider the link adaptation whereby one user is allocated multiple resource blocks. Several decisions have been made in the study item phase and in the work item phase that are relevant for this discussion. It has been agreed as a working assumption for the evaluation and as a text proposal for Section 7.1.2.2 (Downlink: Physical Layer Procedure: Link Adaptation) of TR25.814 [1] at the RAN1 LTE adhoc meeting in Helsinki, Jan. 2006, that

The same coding and modulation is applied to all groups of resource blocks belonging to the same L2 PDU scheduled to one user within one TTI and within single stream (i.e., different modulation schemes and coding rates may be applied to different streams in case of MIMO). This applies to both localized and distributed transmission.

The use of power and modulation adaptation per resource block is FFS.

The following proposal has been agreed as a way forward at RAN1#46bis in Seoul, Oct. 2006,

· non L1 mux4

· For non-MIMO: 1 HARQ process 

with an alternative proposal FFS after the DL MIMO signaling has been decided. This contribution reviews “the user of power and modulation adaption per resource block” which was FFS at the study item phase.

Besides assuming only 1 HARQ process per user in any one TTI, and having no L1 multiplexing for a particular user, the following aspects are relevant and could be considered different from those in the study item phase and may have an impact on “the use of power and modulation adaption per resource block”:

· Resource block size: 12 subcarriers / 1 ms

· Intercell interference mitigation is considered important

2 Contiguous vs. non-contiguous RB allocation

In this Section, we discuss whether RB allocation non-contiguous per user in frequency is useful. Figure 1 shows an example for contiguous RB allocation per user, Figure 2 shows an example for non-contiguous RB allocation, and finally Figure 3 shows an extreme example of non-contiguous RB allocation per user. It may be noted that there is no difference in principle between the examples shown in Figure 2 and Figure 3.

The possibility of non-contiguous RB allocation has impact (a) on the control signaling and (b) on the decision whether power and/or modulation adaption should be applied.  
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Figure 1: Example for contiguous RB allocation per user
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Figure 2: Example for non-contiguous RB allocation for user 1
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Figure 3: Example for extreme case of non-contiguous RB allocation for user 1
There are several reasons why a non-contiguous is important for E-UTRA and a restriction to contiguous RB allocations is to be avoided:

1) Users with poor channel conditions that are consuming large powers and that are most sensitive to frequency selective scheduling may need to be allocated the RBs in the scheduling operation first. Scheduling of these users will fragment the available RBs, and remaining users may need to be scheduled in the remaining RBs, which may yield a non-contiguous spectrum allocation. 

2) If HARQ retransmissions are non-adaptive in the chosen RBs, then HARQ retransmissions also fragment the available RBs. Therefore, newly scheduled transmissions may need to employ non-contiguous RBs.

3) Scheduling is vastly simplified when there is no restriction of using contiguous RBs per user only.

4) There are slight performance benefits when users that are very sensitive to frequency selective scheduling can be scheduled without the restrictions that other users need to be scheduled with contiguous RBs. 

As a consequence, it is suggested that E-UTRA supports non-contiguous RB allocations per user. It may be noted that non-contiguous RB allocations may increase the control signaling overhead. Rather than signaling only the RB offset and the total number of RBs per user for contiguous RB allocations, non-contiguous RB allocations require signaling of the entire mapping between users and RBs. However, even with contiguous RB allocations, the same signaling overhead is required when every user is allocated only one RB.  

3 Power and/or modulation adaption per RB

The power and modulation adaption per signal flow has been determined to be FFS during the study item phase [1]. At RAN1#46bis, it has been agreed as a way forward that there is only 1 HARQ process per TTI and no L1 multiplexing in the non-MIMO case. Hence, the decision whether power and modulation adaption will be applied or not refers to all RBs of a particlar user within a particular TTI.  More specifically, if E-UTRA would not apply power and/or modulation adaption per RB, all RBs of a particular users in a particular TTI would be transmitted with the same power and modulation scheme.
The performance gains for power and/or modulation adaptions have been investigated in [2] to be in average 1-1.5 dB for SNR conditions above 5 dB. While this gain is highly dependent on the scheduling algorithm and the type of link adaptation employed, we consider the achievable gain to be higher than the one shown in [2]. It may also be noted that other existing standards draw a large gain from employing the so-called bit-loading algorithms. As compared to the study item phase, the choice of the RB in the work item phase with 12 subcarriers is also more favorable for achieving gains from power and modulation adaption per RB.

When a user is allocated large bandwidths for achieving high peak data rates, the channel conditions over the allocated bandwidth can vary substantially. Channel conditions can also vary substantially for a particular user when this user is allocated non-contiguous RBs within the available bandwidth. In these cases, it is highly beneficial to adapt the power and modulation scheme per RB.

There are other aspects besides throughput gains to be considered when deciding on power and/or modulation adaption. In particular, interference mitigation methods may require some power constraints for cell edge users in parts of the available bandwidth. Implementation of these power constraints is simplified when a user can be allocated RBs with different power settings. When certain RBs have less power available for transmission, it is also desirable to reduce the modulation order for these RBs.

In summary, adaptation of power and modulation per RB is suggested for the following reasons:

1) Throughput gains, especially with large bandwidth allocations or non-contiguous RB allocations per user

2) Implementation of power constraints on certain RBs is required for supporting some proprietary interference mitigation methods  

It is not conceivable why the standard should restrict transmissions for a particular UE to have the same power setting and modulation schemes in all RBs. Having different modulation schemes per RB does not necessarily increase the signaling overhead. In particular, the UE can perform blind detection of the modulation scheme, which can be designed to be reliable and of low implementation complexity. Having different power settings has no impact on the UE, except that the estimation of the constellation scaling in the receiver cannot assume identical scaling for adjacent RBs.

4 Conclusions

It is suggested that E-UTRA supports non-contiguous RB allocations per user. 

For link adaptation, it is suggested that power and modulation scheme can be chosen adaptively per RB. The modulation scheme chosen per RB can be detected blindly by the UE so that the signaling overhead is not increased. 

If the choice of an adaptive modulation per RB is considered an undue increase in complexity either for the rate matching and physical channel segmentation and/or for blind detection of the modulation scheme per RB in the UE, as a mere minimum the power adaptation per RB should be adopted for E-UTRA.  
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