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1 Introduction

Pilots are very important for the performance of a wireless system. The pilots are used not only for channel estimation, but are also the basis for e.g. mobility and quality measurements in the system. In this document we discuss different options for pilot design of 4-branch MIMO and look upon their pros and cons. We discuss the use of common and dedicated pilots as well as mixed solutions.
2 HSDPA MIMO pilots
In a 4-Tx HSDPA MIMO system pilots are needed for two main functionalities; channel estimation for demodulation purposes and channel state information (CSI) estimation, e.g., rank, CQI and PMI estimation. In principle two different approaches are possible.

· Common pilots for both CSI and channel estimation

· Common pilots for CSI estimation and dedicated pilots for channel estimation

In Rel-7 MIMO, P/S-CPICH is used not only for channel estimation but also for CQI/PMI estimation. Since common pilots are used, the scheduled precoder is signaled to the UE in the HS-SCCH. In the UL there is no special rank indicator (RI) signaled in the HS-DPCCH, but the rank information is coded into the CQI/PMI report.
When going to more Tx-branches the all common pilot solution might need to be reconsidered. In order to obtain a good channel estimate suitable for coherent demodulation of a received MIMO signal, the pilot power needs to be reasonably high. For an all continuous CPICH based solution, this pilot power would act as a strong interferer towards other cells and potentially also toward non-MIMO users in the own cell.  Note that the interference from a 4-Tx system would act as a high rank interferer and hence would be more difficult to suppress for legacy UEs. On the other hand if precoded dedicated pilots are used for channel estimation, additional common pilots are needed for CSI estimation. In what follows we list some different alternative approaches and discuss their pros and cons when it comes to simplicity, backwards compatibility and possible performance differences both for data demodulation purposes and CSI estimation.
3 Common pilots
The most straightforward solution would be to expand the current P/S-CPICH solution with an additional set of S-CPICH. In this case it would be possible to gate the 3rd and 4th CPICH to only be transmitted when needed for data demodulation and periodically to allow for CSI estimation.
The main drawback with an all common pilot approach would be the increased interference in the system. It is reasonable to assume that most of the transmissions will not be rank 4, and thus to always transmit a rank 4 pilot seem like a waste of valuable system resources. The pilot overhead does not scale with data-rate in a good manner. For example, if a rank 2 transmission occur up to half of the pilot resource is transmitted into the null space of the channel contributing to nothing but interference towards other users. Due to this it would be more beneficial to use precoded pilots which would reside in the range space of the channel. This, on the other hand, calls for precoded pilots something which is not, in general, possible for an all CPICH approach.
4 Dedicated demodulation pilots

Dedicated or user specific pilots can be used for channel estimation of the HS-PDSCH. In this case the pilot symbols are transmitted using the same precoding weights as the HS-PDSCH and hence both experience the same effective channel. If precoded pilots are used, the data and pilot symbols will experience the same effective channel. Thus, contrary to the common pilot case, there is no need to signal the precoder choice in the DL control channel (HS-SCCH). An additional benefit of having dedicated precoded pilots is that the pilot overhead scales better than for a common pilot approach.

When it comes to dedicated pilots two different approaches can be envisioned.
· TDM pilots: The pilot symbols are multiplexed together with data symbols onto a HS-PDSCH.

· CDM pilots: Dedicated pilot codes are precoded with the same weights as the HS-PDSCH for a specific user.

Both options have pros and cons, of which some are discussed below.

4.1 Time multiplexed pilots
For TDM pilots a number of data symbols are replaced by pilot symbols. Each layer will have its own (orthogonal to other layers) pilot. Hence the pilot overhead will scale with user throughput in a much better way than for an all common pilot solution. The main drawback with introducing time multiplexed pilots is that new slot formats are needed. A significant impact on the physical layer specification can furthermore be expected since a large part of the transmit chain would need to be redesigned. It can also be expected that this will have a rather big impact on current implementations, and hence may be seen as less attractive.
4.2 Code multiplexed pilots

In a CDM approach, a number of codes are allocated to carry pilot symbols. The number of codes (say SF=256) will then be equal to the number of transmitted layers. These codes are precoded using the same weights as used for the HS-PDSCH transmission, and hence will experience the same effective channel as the data symbols. In the case of code multiplexing of users, several sets of dedicated pilot codes needs to be allocated, one set per user.
Assuming, for example, that one SF=16 code is reserved for pilots. It would be possible to code multiplex 4 users, i.e. up to 16 layers, if SF=256 is used for pilots. This may, to some extent, be a waste of code resources since it is unlikely that all co-scheduled users will be scheduled with rank 4 transmissions. An alternative would then be to allocate the same number of pilot codes as the transmission rank. This will however increase the signalling load since each UE need to be told what pilot codes that is associated to each layer. The exact scheme here will be a compromise between efficient code utilization and signalling overhead and complexity.
5 CSI measurement pilots

In addition to pilots used for demodulating the data channel, the UE also need pilots to estimate the channel state information such as rank and precoder choice. Since the UE need to be able to estimate the channel between antenna ports in order to find the suitable rank and precoder, a common pilot seem appropriate here. This pilot signal is transmitted without any precoding from each antenna port. As discussed above, this signal will be seen as a high rank interferer by other (legacy) UEs in the current cell and also act as a high rank interferer toward neighbouring cells. Due to this, it is important to keep these pilots to a minimum. One way to minimize the interference would be to allow for DTX or gating of these measurement pilots. For example, known transmission patterns can be used with an option to turn these off if no 4-Tx MIMO capable UE is present in the cell.
6 Summary and conclusions
In this contribution we have discussed different pilot options in a 4-branch MIMO system. A straightforward extension of today’s CPICH based solution is simple but may generate too much interference, and furthermore is relatively wasteful in cases where lower rank transmissions are common. An alternative to CPICH would be dedicated pilots for data demodulation. In this case we see two options, either TDM based or CDM based. Although a TDM based solution can be argued to be more efficient than CDM based solution a TDM based solution would have a very large impact on the current specification. Hence our preference would, if dedicated pilots are introduced for 4-branch MIMO to use a CDM based solution.
Proposal 1: Limit the evaluation of demodulation pilot design to common pilots and CDM based dedicated pilots.

In addition to demodulation pilots there is also a need for CSI measurement pilots. Here we propose a common pilot structure where it should be possible to adapt the amount of pilot resources used to the load and activity in the system.
Proposal 2: It should be possible to adapt the amount of pilot resources used for CSI measurements with respect to the load and activity in the system.
















































