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1 Introduction
A new work item on 4-branch MIMO for HSDPA has been approved at the RAN plenary #53 [1]. To support up to 4 MIMO layers, the UE needs an equivalent number of pilots (one for each layer) for channel estimation, data demodulation and channel sounding.  As discussed at the last RAN1 meeting, there are a number of ways to provide the pilots on the downlink and generally two families of approaches have been discussed: common pilot and dedicated pilots.
Among the dedicated pilot approaches, TDM and CDM approaches were discussed.  In the TDM approach, the pilot symbols are inserted in the associated HS-PDSCH in time alternation with data symbols.  In the CDM approaches, the pilots are transmitted over different channelization code/sequences.  

Because of simplicity and flexibility in code and power allocation, it was agreed last meeting to focus on the CDM approach for dedicated pilot design.
Agreement:
Further evaluation should focus on common pilots and CDM based dedicated pilots.

 

In this contribution, we explore CDM based dedicated pilots design approaches for data demodulation and describe a number of possible solutions.
2 Discussion
One of the reasons to consider dedicated pilots is to allow efficient pilot power allocation.  As discussed in [2], it is desirable to be able to scale the total pilot power with the data rate.  Likewise, it is also desirable to make efficient use of the downlink code space.
2.1 Pilot resources
Using the CDM approach, a given pilot resource is defined as a channelization code, spreading factor and pilot sequence index.  Depending on the spreading factor, a number of orthogonal pilot sequences may be designed and carried over a single channelization code.  Thus for a given UE requiring N dedicated pilots, the following design approach may be used:
· 1 channelization code; with N orthogonal sequences

· N channelization codes (with a single sequence per code)

· A combination of different channelization codes and orthogonal sequences.

Clearly a multitude of different approaches may be used to design orthogonal sequences.  We also note that since the HS-PDSCH is transmitted in a 3 slot TTI, it would be desirable that the pilot orthogonality is realized during that period.  Thus any new pilot sequences would need to be orthogonal over the period of one slot or one TTI (3 slots) to ensure proper channel estimation.
Therefore should RAN1 decide to pursue the design of dedicated pilots, the following desirable properties should be taken into account:

· Reasonable code space usage;

· Orthogonality of pilots over one TTI for dedicated HS-DSCH demodulation
2.2 Allocation of pilot resources

In this section, we address the control aspect and how the pilot resources may be associated to a given HS-DSCH transmission.  When a UE is scheduled a multi-layer transmission it must be able to estimate the channel for each layer and then associate the channel estimate to the corresponding HS-DSCH for detection/demodulation.
Such association may be done using implicit rules, explicit signaling or a combination of the two.  A reasonable design objective would be to minimize the signaling overhead while maintaining sufficient flexibility at the scheduler to make efficient use of the code resources. 
1. Static allocation

In the static code allocation, each UE is pre-configured via RRC with one dedicated pilot resource for each layer it supports, up to 4.  With static allocation there is no need for dynamic signaling of pilot resources.  Each UE may be assigned a different set of resources or alternatively the network may assign the same pilot resources to several UEs.  In the latter case these UEs would need to be scheduled in TDM, limiting the scheduler flexibility.  We note that in general the static allocation approach may not be very efficient in terms of code space usage especially in scenarios where a large number of UEs are configured for 4-branch MIMO operation.
2. Semi-static allocation (linked to HS-SCCH number)

In the semi-static allocation approach with HS-SCCH number, the network configures a set of pilot resources for each HS-SCCH it configures the UE with.  When the UE detects its H-RNTI on a specific HS-SCCH number, it can determine the set of pilot resources by association.  The UE can then determine the number of layers by decoding the associated HS-SCCH, and then the associated pilot resources among the set (e.g. first 3 pilots)
This approach still requires that the NodeB signals the number of layers in some way on the HS-SCCH, but the actual pilot resource itself is inferred from the HS-SCCH number.

3. Dynamic allocation

In the dynamic allocation approach, the UE is explicitly signaled the actual pilot resource to use on a new HS-SCCH.  In practice a set of pilot resources would need to be defined and an index to that set of resource would be signaled on this new HS-SCCH type.  This approach offers the most flexibility in terms of code space utilization; however it requires explicit signaling and the design of a new HS-SCCH type.
We first note that from a channel estimation and pilot power allocation point of view the methods described above should be equivalent.  From the code space resource perspective, the static approach does not scale with the cell data rate but rather with the number of UEs configured for 4-Branch MIMO.  The other two approaches leave more flexibility in the resource utilization.  

The dynamic allocation approach would allow the network to adapt the pilot resources to the expected needs but requires additional overhead on the HS-SCCH.   The semi-static allocation approach does require the network to pre-reserve a set of code for pilot resources for each HS-SCCH code configured.  However it is still up to the network to determine how many HS-SCCH codes are needed.  So the semi-static allocation approach still leaves some degree of freedom to the network.    
3 Conclusion

In this contribution we discuss some practical aspects of the CDM approach to dedicated pilots in the context of 4-Branch MIMO for HSDPA and we propose efficient means to associate a pilot to a given UE HS-PDSCH transmission for discussion in RAN1.
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