3GPP TSG RAN WG1 LTE Ad Hoc  
R1-061849
Cannes, France, 27 – 30 June, 2006
Agenda Item:
6.4
Source: 
Nortel Networks

Title: 
Discussion on UL reference signal structure
Document for:
Discussion 
1 Introduction
In the recent meetings, many contributions related to uplink pilot structure have been proposed. The main discussions dealt with the choice between Code Division Multiplexing (CDM) and Frequency Division Multiplexing (FDM) structures. No consensus has been reached so far on that topic. In this contribution, we present our view on UL reference signal structure including various concerns like channel quality measurement and Multi-user MIMO. 
2 Context and scope of the discussion

Most contributions presented so far about CDM and FDM pilots referred to distributed transmission. However, we think that this discussion should not focus only on the distributed case but also on the localized allocation since this will be the context where frequency domain scheduling will be applied. Considering localized data transmission, three main multiplexing strategies can be considered:
· CDM over the whole band

· CDM over a part of the band (e.g. over the same band as the one used for data transmission)

· FDM 

Considering these three possibilities, several aspects have to be taken into account, mainly:
· BLER performance with the corresponding channel estimation
· Channel Quality measurement and channel dependent scheduling
· Robustness to physical impairments (channel delay spread, timing errors, inter-cell interference, etc…)

We discuss al these aspects  in this contribution and present our preferrred solution.. 

3 Considerations about CDM reference signal over the whole band
First of all, we believe that CDM over the whole band is not an efficient technique for several reasons:
· First, when this technique is used, only a small number of users can be multiplexed while maintaining perfect orthogonality, i.e. between 4 and 6 users depending of the delay spread of the different users. Actually, the maximum number of CAZAC shifts in the TU channel is 6 if we want to maintain perfect orthogonality between users. Moreover, this is in the optimistic case where we have a perfect timing between users, and in practice timing errors have to be taken into account. 
· Texas Instrument proposed a scheme where  this number of users can be doubled, but this scheme is very sensitive to Doppler. Since the users are Code multiplexed, a single user at high speed can destroy the orthogonality of all other UE, so that even the performance of low speed users would get worse.
· It was argued that the same argument could be opposed to FDM pilots, but this is true only for distributed data allocation. If we consider localized transmission, no limitation on the number of UE occurs, even at high speed, since you can divide you band in a localized way to multiplex as many users as you want. The number of users is then only limited by the granularity of the scheduler. 
· If only 4 to 6 users can be multiplexed in a single TTI, this means that the eNode B will be able to observe the channel quality of these UEs only, so that in the end the scheme may not bring sufficient multi-user diversity. The MU diversity gain will thus be artificially truncated, and nothing justifies this limitation when the whole MU gain can be achieved. This becomes even more critical when Multi-user MIMO is considered since as the number of considered UE for CQI measurement decreases, it becomes more and more difficult to achieve orthogonal scheduling. This is a main issue since we consider MU-MIMO as an important feature that should permit to enhance the system capacity. 
· This last concern becomes really critical if we want to perform MU MIMO with 4 antennas in UL. This case should not be precluded since with 4 Rx antennas at the base station, it could be interesting to include such a feature to further increase the system capacity. Using CDM in such a context would simply prevent from doing the frequency domain scheduling necessary to allocate the different users resources. 
For all these reasons, we consider that CDM over the whole band is not an efficient technique for pilot multiplexing and should be avoided. In the rest of the contribution, we will thus compare FDM pilot allocation with CDM over a portion of the band (i.e. mix between FDM and CDM). Note that most of the claimed advantages of CDM over FDM pilots are still valid considering this solution. 
4 CDM and FDM reference signal from the performance point of view
It was shown by several companies (e.g. Texas Instrument in contribution R1-060373) that the performance of CDM pilots is in some cases of interest (TU channel) was worse than with FDM. A gain of 0.35dB was shown in favour of FDM for TU channel with 6 UE sharing the bandwidth, and this is a situation that we will often have to face practically. We would like to highlight the fact that these results have been obtained for QPSK in the classical 1x2 situation. On our side, we have observed that the performance of MU MIMO is very sensitive to channel estimation errors, much more sensitive than the 1x2 case. We can thus expect this 0.35dB performance loss to further increase when we consider MU MIMO.
Moreover, as stated in R1-061191 by NTT Docomo, the problem of received timing between multiple pilot channels becomes crucial when considering MU MIMO. Actually, for single-user MIMO, the different streams come from the same user so that they are perfectly aligned in time. In Multi-user MIMO, this is not the case anymore and the orthogonality between the different signals can be destroyed in many practical situations. As explained before, the performance loss will be further amplified by the fact that MU MIMO is sensitive to channel estimation errors. Using CDM approach with MU MIMO would necessitate a very tight timing synchronization between users (a precision up to the CP is far from being sufficient). This becomes even more important if we consider 4x4 MU MIMO, which again should not be precluded here and now. 
From a general point of view, we consider than the CDM approach for pilot multiplexing is not robust enough since it is sensitive to many impairments that are often present in situation of interests like large delay spread environment, timing difference between users, high number of users sharing the bandwidth, etc...Moreover, it requires a higher processing at the base station due to the large prime number IDFT-DFT processing that is not required for FDM pilots. 
5 Inter-cell interference considerations

The main listed advantage of CDM pilots with respect to FDM pilots is their claimed better resistance to inter-cell interference. Many simulation results have been proposed to illustrate this advantage of CDM pilots (see e.g. R1-060373 from Texas Instrument). However, these results focused on the situation of a dominant interferer. On our side, we do not believe that this situation illustrates the generic context of a real system, and we rather consider than in a typical case, the interference would rather come from several users in the neighbouring cells. We therefore see no reason to target a particular case while optimizing the system considering the fact that this introduces at the same time many drawbacks, and we better consider that we should optimize for the most common situations. 
Moreover, as stated by several companies in the email discussion, it is possible to introduce interference avoidance using FDM pilots. Actually, when localized transmission is used for data and pilots, it is not necessary to allocate all the Short Block tones of the user to pilot symbols in order to obtain the target performance. We can decide to use sparse combs, by for example allocating only one pilot tone out of four with four times more power, without really affecting the performance of the system as shown in R1-06155. The remaining tones can be left empty or can more probably be used by other users to transmit some CQI pilots. The choice of the effective comb for pilot transmission can be optimized based on interference avoidance techniques. 
6 CDM and FDM reference signal from the channel quality measurement point of view

One of the other claimed advantage of CDM pilots over FDM ones is their ability to provide at the same time statistics for data demodulation and for channel quality measurements. This is actually the case only if the Code Multiplexing is done over the whole bandwidth. For all the reasons stated in section 3, this is an option that we would prefer to avoid. 
If we compare CDM and FDM pilots on the same sub-carriers, then there is no more advantage in favour of CDM pilots from a CQI measurement point of view. 
7 Conclusion
In this contribution, we compared the different options for uplink pilot multiplexing, from different points of view. We consider that the claimed advantages of CDM pilots can be obtained at the expense of a degradation in performance and that CDM pilots result in a system that is much less robust and less easy to handle than the proposed FDM pilots. Moreover, we mainly focussed on UL MU MIMO feature which has not really been taken into account in the discussions so far but is part of the baseline uplink configuration. We believe that with FDM pilots, the system can be optimized both in terms of performance and flexibility.  So we recommend that user multiplexing is performed by means of FDM for UL reference signals. 
