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Discussion 
1. Introduction

In RAN53, a new work item “Four Branch MIMO transmission for HSDPA” was agreed [1] which aims to double the peak data rate for rank-4 transmissions, and increase the coverage for rank-1 and rank-2 transmissions. Pilot design is an important aspect for 4-branch MIMO in order to ensure availability of the featured data rates. In [2] some options that extend the pilot design from 2-branch to 4-branch MIMO are given. In this contribution we also discuss some considerations on pilot design for 4-branch MIMO transmission. 
2. Discussion
2.1. Pilot design of legacy 2x2 MIMO
2x2 MIMO was introduced in Rel-7 specification, and 2 common pilot channels, the Primary CPICH (P-CPICH) and Secondary CPICH (S-CPICH), were used as phase reference. Each pilot channel is summed with other data and control symbols at the antenna port and then transmitted. The common pilots are used both for channel sounding and data demodulation. When considering a system with both MIMO and non-MIMO UEs, it was observed that the secondary pilot channel would represent additional interference for non-MIMO UEs, and consequently this would cause degradation in throughput and/or coverage for non-MIMO UEs. To limit the impact on non-MIMO UEs, a power offset reduction of the secondary common pilot channel was introduced in Rel-10 specification.
Below we summarize important characteristics of the common pilot channels as introduced in Rel-10 for 2x2 MIMO.
· Two orthogonal pilot channels are sent without pre-coding over each antenna port.
· Antenna port 1 will transmit the P-CPICH, and the other antenna port will transmit either STTD form of P-CPICH or the S-CPICH.
· Power offset reduction of the secondary common pilot channel is introduced to limit the impact on non-MIMO UE.
2.2. Pilot design principles for 4-branch MIMO
To enable the UE to perform demodulation and determine the best set of pre-coded weights, the NodeB needs to transmit pilot information from all 4 antenna ports. When designing the 4-branch pilot structure, in our view it is desirable that the agreed solution fulfils the following objectives:

· Compatibility
To minimize the impact of 4-branch MIMO, it is desirable to ensure backward compatibility with non-MIMO and 2x2 MIMO UEs, and also foreseen forward compatibility with systems with more than four antennas. A straightforward way for pilot channel design is to have additional pilot channels, one for each antenna port. In addition to the primary and secondary CPICH, here labelled as CPICH1 and CPICH2, respectively, 4-branch MIMO will have CPICH3 and CPICH4. This design is an extension of 2x2 MIMO and it can be potentially extended to more than four antennas. This solution is good from a compatibility point of view; however it presents drawbacks in terms of interference and power consumption.  
· Power consumption 
When the NodeB is configured in 2x2 MIMO mode, it is evident that NodeB consumes more power than non-MIMO mode because of the transmission of an additional channel, e.g. CPICH2. The typical power of CPICH1 in non-MIMO mode is set to -10dB, and in MIMO mode the total power of CPICH1 and CPICH2 can reach up to 20% of the total transmitted power of the Node B. In order to limit the impact on non-MIMO UEs and to reduce the total power consumption, a power offset reduction of the secondary common pilot channel was introduced in Rel-10 specification. It is obvious that with 4-branch MIMO, power consumption becomes a key aspect for DL MIMO operations since the total power of four pilot channels could reach up to 40% of the total power consumption, which is an extremely high percentage. Thus, power consumption needs to be taken carefully into account.
· Interference to legacy UE 
As noted in the above paragraph, the total power of common pilots in 4-branch MIMO is a substantial part of the total power, and it will cause substantial interference to legacy UEs (including non-MIMO and 2x2 MIMO UEs). The interference problem was also discussed in 2x2 MIMO, and it was quite clear that the interference to legacy UEs can become severe. Therefore, with respect to 4-branch MIMO application, interference to legacy UEs should be considered.
· Complexity
To ensure that 4-branch MIMO becomes an attractive feature for mobile operators it is important to ensure that the existing functionalities can be mostly reused. Hence, we should aim to minimize the required changes in the NodeB while maximizing the performance improvements with respect to 2x2 MIMO.
The design challenge is to obtain good performance with relative low complexity. We need to consider how many code words shall be supported and whether the pre-coding vectors should include both relative phase and amplitude or phase only. Obviously, these choices have an impact on the DL signal HS-SCCH and the UL feedback signal HS-DPCCH. The CQI table will also be affected. 
2.3. Candidate pilot design options for 4-branch MIMO

Two pilot channel structures are proposed for 4-branch MIMO: common pilots only, and common + dedicated pilots. In the following, we describe these structures and summarize them in Table 1.
2.3.1. Common Pilots
Four orthogonal pilot channels (CPICH1, CPICH2, CPICH3 and CPICH4) are sent without pre-coding over each antenna port. This pilot structure is similar to DL 2x2 MIMO, where antenna port1 transmits the P-CPICH, and antenna port2 transmits either STTD form of P-CPICH or the S-CPICH. With four pilot channels, there are two options:
Option 1: Use 4 pilot channels with different SF256 channelisation codes, as shown in Figure 1.
Option 2: Use 4 pilot channels with two different SF256 channelisation codes with STTD pattern, as shown in Figure 2.
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Figure 1: Common pilots with different SF256 channelisation codes.
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Figure 2: Common pilots with different SF256 channelisation codes with STTD pattern.
Since the pilot channels are not pre-coded, a UE can directly process the CPICHs separately and estimate the channels seen from each antenna port.  It is also required that the NodeB signals the PCI in the DL if the NodeB is allowed to select the actual weights.  This is similar to what specified for the 2x2 MIMO case, and therefore an advantage of this scheme is that the channel estimation procedure in the UE remains the same.   
Another advantage of having four orthogonal pilot channels sent without pre-coding over each antenna port is that there is no change in the transmitted phase and this can be an advantage for channel estimation respect to a scheme with pre-coded pilots. 
As mentioned before, the transmission of all common pilots will result in additional interference to neighbouring cells, and to non-MIMO and 2x2 MIMO UEs. The third and fourth common pilots are used by 4-branch UEs for channel sounding, and these channels represent interference to non-MIMO UE which only need P-CPICH, and also to 2x2 MIMO UEs. In order to limit the interference, in 2x2 MIMO it was introduced a power offset for S-CPICH.  Similarly, it can be used a  power offset for the other secondary common pilots in 4-branch MIMO, while P-CPICH does not decrease its power and is used as phase reference by all the UEs in the entire cell. 
2.3.2. Common pilots + dedicated pilots

In this alternative pilot design scheme, we introduce a scheme with UE specific pilots. 
There are still four common pilot channels, each of them is transmitted on each antenna port as described above, and used for channel sounding. The UE uses these CPICHs to separately estimate the channels seen from each antenna, and determines a preferred primary pre-coding vector which is signaled to the Node B. 
Besides the common pilot channels, dedicated pilot channels are also transmitted. Pre-coding is applied to the dedicated pilots with the same pre-coding weights applied to the data channels. The UE specific pilots are intended to be used for data demodulation. The UE receives the pilot symbol 
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, where p is the transmitted pilot symbol, H is the channel matrix, 
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 is the pre-coding vector, and 
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is the thermal noise plus interference. The UE could directly estimate 
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from the dedicated pilots, and use it for data demodulation. 
Option 3: 4 common pilots + n dedicated pilots, where n is the number of layers.
Figure 3 shows an example of common and dedicated pilots with 3-layer transmission.  The 4 common pilot channels can be configured with any of the two options explained in Sec.2.3.1: 4 channelisation codes, or 2 channelisation codes with 2 patterns. Common pilots are used for channel sounding and dedicated pilots are used for data demodulation.
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Figure 3: Example with 4 common pilots + 3 dedicated pilots.
Since the dedicated pilots are pre-coded in the same way as the data with a user specific pre-coding, the UE does not need to receive the pre-coded weights for demodulation, as we stated above. In this case, no additional PCI signalling is transmitted from NodeB.  

The dedicated pilots are UE-specific and need to be received only by that specific user in a certain area. In this way, dedicated pilots could be set to a relatively low transmit power. However when a large number of 4-branch UEs are present in a cell, the amount of dedicated pilots is substantial and this can cause performance degradation due to a high level of interference. Performance evaluation needs to be done to assess if performance gains can be achieved and in which scenarios by using a pilot design with common and dedicated pilots.
The use of pre-coded pilot symbols has another potential disadvantage because changes in the pre-coding vector can create discontinuity in the smoothing filter for channel estimation, and this can have a negative impact on performance, especially for high velocity scenarios and high data rate traffic. 
3. Conclusion

This contribution discussed potential DL pilot structures for 4-branch MIMO. For further discussions, we suggest considering the pilot design options in Table 1.
Table 1 Potential pilot structures in DL 4-branch MIMO
	Structure
	Options

	Common pilots
	4 channelisation codes

	
	2 channelisation codes with 2 pattern

	Common pilots + dedicated pilots
	4 common pilots + n dedicated pilots
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