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1 Introduction
During RAN1#63bis several design decisions and working assumptions related to uplink closed loop transmit diversity were agreed. It was furthermore agreed that a set of topics should be given more attention at RAN1#64. One of these topics was related to the feedback signalling design for CLTD. This contribution presents our view on the feedback signalling for CLTD. 
2 Feedback signalling options
2.1 Feedback schemes

This section presents the feedback signalling options that have been discussed in RAN1. We divide the feedback signalling schemes into the following three categories 

· Explicit feedback schemes: The serving Node-B send an explicit codeword that describes the pre-coding vector that the UE shall apply. Depending on the physical feedback channel the codeword could in principle be signalled during multiple slots (e.g., 1 bit in 3 consecutive slots could be used for signalling 1 of 8 code words).
· Implicit feedback schemes: The serving Node-B transmit a relative phase update with which the UE should update the relative phase difference between the two transmit antennas.

· Recursive feedback schemes: The serving Node-B transmit feedback commands. When deriving a pre-coding vector the UE utilize multiple feedback commands. Notice that the UE can update the pre-coding vector every time a new (relevant) feedback is received. 

In the following subsections we describe and analyze these schemes in more detail. Our analysis considers the downlink related overhead, the robustness against downlink errors (“error propagation”), update intensity supported, as well as the “compatibility” with uplink MIMO. 
2.1.1 Explicit feedback schemes
The simplest approach for transmitting the downlink feedback would be to rely an explicit signalling scheme where the serving Node-B transmit a codeword to the UE which describes the pre-coding vector that it should apply. Given a codebook that consists of M code words a total of log2 M bits are needed for describing each codeword. Aside from the simplicity, explicit signalling allows transitions between any two states. Another benefit with using explicit feedback schemes is that they are robust. More specifically: 

· With Gray encoding the effect of a single feedback bit error is limited to 2/M.

· Errors do not propagate. (I.e. the applied pre-coding vector is only dependent on last received feedback message). 
As noted above a codebook of M code words require that log2 M bits are allocated to feedback information. Although this is higher than the overhead associated with implicit and recursive schemes it should be highlighted that since explicit feedback signalling allows for larger phase changes, feedback information does need to be transmitted as often.

2.1.2 Implicit feedback schemes

Another approach that has been discussed would be to rely on an implicit feedback scheme. With this approach the serving Node-B signals the relative phase update with respect to the pre-coding vector that is currently used. With respect to explicit feedback schemes an advantage is that the overhead for a given granularity can be traded against the size of phase changes that can be achieved with a single update. With respect to the robustness against errors it is noticeable that
· The maximum error is limited.
· An error will always propagate.
 Since the serving Node-B furthermore needs to know the pre-coding vector to estimate new pre-coding vectors during the channel sounding error may lead to that the new pre-coding vectors are sub-optimal.
2.1.3 Recursive feedback schemes

The last category of feedback schemes that have been proposed is referred to recursive feedback schemes. In recursive schemes the UE utilizes multiple feedback commands when it derives the pre-coding vector that it should apply at a given time instance. Although multiple feedback commands are used to derive the pre-coding vector, the UE will update the pre-coding vector every time it receives a new feedback command. Similarly to implicit feedback schemes, recursive schemes allow a higher granularity for a given overhead (as compared to explicit schemes). On the other hand the update rate is limited. Moreover, errors in the feedback signalling will propagate (since multiple feedback commands are used to derive pre-coding vector).
At RAN1#63bis [1] it was proposed that the signalling scheme for downlink transmit diversity (mode 1) could be reused. This approach is illustrated for a codebook consisting of 4 code words in Figure 1. Let s denote the slot number. Then serving Node-B can signal {-/2,/2} when mod(s,2)=0. Similarly, when mod(s,2)=1 the serving Node-B can signal the values {0, }. The pre-coding vector is then obtained as (mod(s,2)=0 + mod(s,2)=1)/2 and we note that 1 bit needs to be signaled in each PCI feedback command. For a codebook composed of 8 code words, the algorithm is illustrated in Figure 2. For this algorithm, the serving Node-B can signal {0,/2,,/2} when mod(s,2)=1 whereas it can signal {/4,,/2,/2} when mod(s,2)=0. The pre-coding vector applied by the UE is then obtained as (mod(s,2)=0 + mod(s,2)=1)/2 and we note that this approach would require that 2 bits are signalled in each feedback command. More concretely, with the approach described in [1] M-1 bits needs to be conveyed in each feedback command for a codebook size of M.
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Figure 1: In odd slots the Node-B signals one of two the green phase (odd). In even slots the Node-B signals one of two the red phases (even). The relative phase difference applied by the UE is given as (odd+ even)/2. Note that the UE update the pre-coding vector every slot. 
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Figure 2: In odd slots the Node-B signal one of the four green phases (odd). In even slots the Node-B signals one of the four red phases (even). The relative phase difference applied by the UE is given as (odd+ even)/2. Note that the UE update the pre-coding vector every slot. For each feedback command 2 bits are required.
An alternative approach is described in Appendix A. 
3 Discussion 

3.1 Physical channel for PCI feedback

Our preference with respect to the physical feedback channel is to reuse the F-DPCH channel structure. The details are given in [2]. With this solution there will be at most 2 bits available in each slot. Thus for a codebook size of 4 an explicit signalling could be used even if pre-coding weights are updated every slot. Alternatively, if the pre-coding weights only are updated once per sub-frame 8 bits per sub-frame are available. If RAN1 decides to limit the maximum update rate to once per sub-frame the PCI command could repeated in order to reduce the instantaneous power that needs to be allocated to the F-DPCH. 
3.2 Update rate of PCI feedback

As briefly mentioned above we are still evaluating whether it is sufficient to support that the UE can update its pre-coding every slot. Irrespectively of the agreed update rate we would prefer a solution where the maximum PCI update rate is common for both UL MIMO and CLTD. For UL MIMO there have been some discussions focusing on whether the ILPC rate should be reduced to 500 Hz so as to ensure that the received code power is constant during a sub-frame. However, this may also imply that it is necessary to restrict the maximum rate with which a UE can update its pre-coding vectors (since the received code power will be affected by a change in pre-coding vectors). In order to maximize the commonality between CLTD and UL MIMO it would in our view be preferable if the maximum intensity with which the UE can update its pre-coding vectors is similar for both CLTD and (single-stream) UL MIMO transmissions.

3.3 Interaction with CPC

Since both implicit and recursive schemes will have a limited maximum update (for one given PCI command) we would expect that the performance for these schemes would be slightly worse than schemes based on explicit feedback schemes. However, for a codebook consisting of 4 codewords we would expect that the performance loss from a recursive scheme would be marginal (as compared to an explicit feedback scheme).
3.4 Compatibility with UL MIMO

In [1] the description focused on a CLTD scenarios. In particular, attention was devoted to designing an algorithm whereby the relative phase difference between the antenna weights could be adjusted. While the recursive scheme is suited for codebooks where the same codebook is used for both CLTD (single-stream transmissions) and dual-stream transmissions for UL MIMO it is not clear how it would work if the CLTD codebook were augmented with an additional “pre-coding” vector that only were allowed for dual-stream transmissions. For example, in [3] we showed that from a cubic metric perspective it could be motivated to only support a pre-coding vector where the virtual and physical antennas coincide (i.e. none of the signals are pre-coded). In fact, this is similar to the approach used in LTE where a subset of the codebook applies for single-stream transmissions and a disjoint subset of the codebook applies for dual-stream transmissions. Note that another benefit with this approach is that the feedback overhead can be reduced since the rank indication is implicit signalled to the UE via the codeword. At this point in time we still view this type of codebook design is still relevant as a candidate for UL MIMO. 
In our view it is not clear if, and in such case how the recursive scheme would work in this scenario. Furthermore, since the reduction in feedback overhead between the recursive and explicit scheme is very small (1 bit) we would prefer a feedback signalling approach that does not limit the design possibilities for UL MIMO.
4 Conclusions
This contribution has evaluated the different schemes whereby the PCI can be signalled from the serving Node-B to the UE. Based on our analysis we propose:

Proposal 1: Adopt explicit feedback signalling for CLTD.
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6 Appendix A

An alternative recursive feedback scheme is illustrated in Figure 3. With this approach the serving Node-B signals the vectors {0, } when mod(s,2)=0. This will require 1 bit. Similarly, when mod(s,2)=1 the serving Node-B signals one of {/4,,/2,/2}. The pre-coding vector is then obtained as (mod(s,2)=0 + mod(s,2)=1)/2. We notice that this approach is associated with 1.5 bits instead of 2 bits (on average) per feedback command.
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Figure 3: In odd slots the Node-B signal one of the 2 green phases (odd). In even slots the Node-B signals one of the four red phases (even). The relative phase difference applied by the UE is given as (odd+ even)/2. Note that the UE update the pre-coding vector every slot. Unlike the approach described in Figure 2 this approach would require 1.5 feedback bit (instead of 2). 
Yet another alternative is shown in Figure 4. With this approach the serving Node-B would signal 

{,} when mod(s,3)=0. When mod(s,3)=1 the serving Node-B would instead signal {,/4}whereas it when mod(s,3)=2 signal {,/4}. At each slot the UE utilize the pre-coding vector given by (mod(s,3)=0 + other)/2 where other corresponds to the phase of mod(s,3)=1 and mod(s,3)=2 whose value was changed most recently. Notice that this scheme only is associated with 1 feedback bit per command.
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Figure 4: In slots where mod(s,3)=0 the Node-B signal one of the 2 green phases (mod(s,3)=0). In slots where mod(s,3)=1 the Node-B signals one of two phases illustrated in the center figure (mod(s,3)=1). In slots where mod(s,3)=2 the Node-B signals one of the two figures illustrated the rightmost figure (mod(s,3)=2). In each slot the pre-coding vector is computed as (mod(s,3)=0 + other)/2 where other corresponds to the phase of mod(s,3)=1 and mod(s,3)=2 that was updated most recently.



















































































































� One possibility to reduce the feedback overhead could be to rely on Huffman coding. 


� To exemplify, assume that the serving Node-B and the UE have the same view of the regarding the pre-coding vector that the UE is applying. Refer to this as 0. Assume further that the serving Node-B sends a feedback command which should be interpreted as ‘no update’ but this is erroneously received by the UE and interpreted by the UE that it should update the with /4. This means that the UE will apply the pre-coding vector that corresponds to a phase different of 0+/4.





