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1 Introduction 
Initial discussion of the pilot design for 4-branch HSDPA took place in RAN1#66bis and RAN1#67. It was concluded that further evaluation should focus on common pilots and CDM based dedicated pilots, and that the pilot schemes should be further evaluated until RAN1#68 using common simulation assumptions [1].

In this contribution we discuss some further aspects related to the pilot design. 

2 Discussion
2.1 Common versus Dedicated Pilots

In [2] we observed that: 

· the overhead of 3rd and 4th common pilots purely for CSI estimation purposes can be much lower than the overhead that would be required for data demodulation; DTX and/or a negative power offset may be applied;  
· the use of common pilots for data demodulation requires the precoding information to be signalled explicitly to the UE (e.g. via the HS-SCCH), which causes additional overhead and also restricts the precoding scheme to a finite set of codewords within a fixed codebook;
· dedicated pilots would remove the need to signal the precoding weights used in each HSDPA transmission and would also enable advanced precoding algorithms to be used (similar to LTE) rather than restricting the precoding to a fixed set of codewords from a codebook;  

· the overhead of dedicated pilots can be scaled according to the actual transmission rank for each UE, unlike common pilots for which 4 common pilots are needed even if all the UEs in the cell use rank-1 transmission, because even a rank-1 transmission uses all 4 physical antennas. 
Some further relevant considerations can be identified as follows:

· The crucial importance of network energy saving has been highlighted in recent study items (e.g. [3]). This further emphasises the importance of being able to scale the pilot overhead according to demand. 
· The use of CDM for the dedicated pilots as agreed in RAN1#66bis (rather than TDM, for example) has the further advantage of avoiding impacting the rate matching or bit mapping of the HS-PDSCH. 

· In [4], some analysis was provided of the pilot power requirements for a common pilot based solution. It is observed that the level of common pilot power required for good data demodulation will cause significant (e.g. 20%) degradation in the throughput for legacy UEs (due to the additional interference generated); similarly, if the power of the 3rd and 4th common pilots is reduced to a level that avoids significant legacy impact then there is a significant impact on the demodulation performance (and hence throughput) achieved for the 4-branch HSDPA UEs. 
All these observations support the proposals made in [2]:

Proposal 1: Introduce low-overhead 3rd and 4th common pilots for channel state feedback.
Proposal 2: Introduce dedicated pilots for data demodulation in 4-branch downlink MIMO.

2.2 Energy/overhead/interference reduction measures for common pilots for CSI estimation

If dedicated pilots are adopted for demodulation, there are basically two main methods by which the energy, overhead and interference of the 3rd and 4th common pilots for CSI estimation can be minimised:

· a large negative power offset
· DTX

Given that CSI will not need to be estimated in every subframe, there is no need to transmit the 3rd and 4th common pilots when CSI is not being estimated. 

Further, the use of DTX for the 3rd and 4th common pilots has the added benefit that it provides some subframes which are completely free of interference from these pilots, and these subframes can be exploited for scheduling non-4-branch-MIMO UEs. Hence, with a small scheduling restriction, any throughput impact on legacy UEs can be completely removed. 

Therefore:

Proposal 3: The 3rd and 4th common pilots should be able to be configured with various DTX cycles. A high spreading factor should be used (e.g. SF512), together with signalling for a large negative power offset. 
2.3 Consideration of Secondary CPICH

A further important consideration is the handling of the existing Secondary CPICH that may currently be used for Rel-7 legacy MIMO and/or transmit diversity. 

Current deployment of UEs supporting Rel-7 MIMO is not widespread. Therefore it is reasonable to suppose that after 4-branch MIMO has been standardised, it is likely that there will in the future be situations in which there are no legacy MIMO-capable UEs in a cell. 

If a UE supports 4-branch MIMO, it will not always be suitable to configure rank-4 transmission. As has already been observed above, rank-2 transmission may be supported by means of the dedicated pilots, and 4-branch MIMO capable UEs would need to support this mode of operation. It would then not be useful to support two different modes for rank-2 transmission in such cells – i.e. both dedicated pilot based and Rel-7 common pilot based – and it would not be necessary to require 4-branch MIMO capable UEs to support the Rel-7 2-branch MIMO scheme in addition. 

If all the MIMO UEs in a cell are 4-branch MIMO capable, there would then be no need to transmit the secondary CPICH continuously. The same energy/overhead/interference reduction measures could in that case be applied to the secondary CPICH as to the 3rd and 4th CPICHs, since the secondary CPICH would likewise be used only for CSI estimation.

Therefore we propose:

Proposal 4: Signalling should be introduced to enable the secondary CPICH to be configured with the same DTX cycles and power offsets as the 3rd and 4th CPICHs.  
3 Conclusions
In this contribution we have discussed some further details of the pilot design for 4-branch HSDPA MIMO, and make the following proposals:
Proposal 1: Introduce low-overhead 3rd and 4th common pilots for channel state feedback.
Proposal 2: Introduce dedicated pilots for data demodulation in 4-branch downlink MIMO.

Proposal 3: The 3rd and 4th common pilots should be able to be configured with various DTX cycles. A high spreading factor should be used (e.g. SF512), together with signalling for a large negative power offset. 
Proposal 4: Signalling should be introduced to enable the secondary CPICH to be configured with the same DTX cycles and power offsets as the 3rd and 4th CPICHs.  
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