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1 Introduction
At RAN1#63bis and RAN1#64 the design of CLTD has been discussed. Although progress has been made during these meetings there are still a few design aspects that need to be decided. In this contribution we discuss the open issues that are not captured in our other papers [2]

 REF _Ref292280047 \r \h 
[3]. In particular, we discuss remaining details related to the S-DPCCH.

During RAN1#63bis and RAN1#64 the following agreements related to the S-DPCCH have been reached:

However, there are still several open issues related to the S-DPCCH including:
· The transmit power of the S-DPCCH

· The possibility to gate the S-DPCCH

· The pre-coding vector that should be applied to the S-DPCCH

· The channelization code of S-DPCCH

· The slot format for the S-DPCCH

This contribution presents our view on these questions. 
2 Discussion

2.1 S-DPCCH slot format
At RAN1#64 the working assumption that the S-DPCCH should be transmitted on another channelization code was agreed. Many details of the S-DPCCH are still FFS however. The slot structure of the S-DPCCH is illustrated in Figure 1 and different formats can be found in Table 2 in sub-clause 5.2.1.1 in [4]. Of the existing slot formats the one that is most relevant to the S-DPCCH is slot format 1 (which only contains pilot and TPC bits). 
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Figure 1: Illustration of the slot format for DPCCH.
However, the TPC commands related to the downlink (F-)DPCH are already carried on the DPCCH. Thus, the TPC field could potentially be re-used for some other purpose. In principle, the following alternatives for how the TPC field of the S-DPCCH could be reused are:

1. Repeat the TPC command transmitted on the DPCCH. 

2. Indicate the pre-coder that the UE has applied (the feasibility of this depends on the codebook size and update rate).

3. Introduce a new slot format with 10 pilot symbols.

4. Indicate the quality of the physical downlink channel used to carry the PCI.

The simplest option from a standardization point of view would be to option 1 where the TPC are transmitted on the S-DPCCH. The main benefit of the second alternative, in which the applied pre-coder is signaled may allow the serving Node-B to infer the pre-coder that the UE has applied. This information can be used to derive an estimate of the downlink quality of the channel carrying the PCI information. Note however that it may not be trivial for the Node-B to compute this information (since the DPCCHs are pre-coded). The third alternative is to introduce a new slot format with 10 pilot bits that can be used for the S-DPCCH. This will improve the channel quality. The fourth option would be to use the TPC fields for signaling the downlink quality of the physical channel used to signal the PCI commands to the UE. More specially, depending on whether the downlink is sufficient the UE sends a pre-determined bit pattern. (This problem is discussed in [3]). In addition to allow the Node-B to evaluate the quality of the downlink quality of the physical channel used for transmitting the PCI commands this would also allow the Node-B to use these bits for channel estimation (since the quality of the physical channel will be sufficient the vast majority of time).

Proposal 1: Agreed that the TPC field of the S-DPCCH is used to signal the quality of the physical downlink channel used to carry the PCI.
2.2 Transmission of the S-DPCCH
Other topics related to the S-DPCCH design are whether it should be possible to gate the S-DPCCH and transmit it with a power offset with respect to DPCCH. 
The first of the question, i.e. whether it should be possible to gate the S-DPCCH was discussed in [5]. In that contribution it was shown that introducing the possibility to gate the S-DPCCH will:

· Reduce hardware consumption at the Node-B since channel elements can be shared amongst several UEs.

· More transmission power becomes available for the data transmissions.

Furthermore it was shown in [5] that even though the S-DPCCH is gated, the performance at the Node-B is not degraded. Hence we do not see any reasons for not supporting the possibility to gate the S-DPCCH.
Proposal 2: Agree that it is possible to gate the S-DPCCH. 
To minimize the impact on specifications and UE implementation our preference would be that procedures specified for CPC is re-used for this purpose.

As the hardware load at the Node-B and the need for transmitting the S-DPCCH will depend on the characteristics of the radio channel (e.g., delay spread and Doppler spread of the channel) it could be motivated to allow the serving Node-B (or the Node-B controlling the pre-coding vectors) to dynamically activate and deactivate S-DPCCH gating.
Proposal 3: Agree that it is possible for the serving Node-B to activate and deactivate S-DPCCH gating by means of HS-SCCH orders. 
In our view, the S-DPCCH pilot should be treated similarly as other physical channels. So far all existing physical channels are transmitted with a power offset with respect to the DPCCH. Hence it seems reasonable that the standard offers the possibility to transmit the S-DPCCH with a power offset. Furthermore, several companies (see e.g. [5]) have shown that there are performance gains from this approach. Hence we propose:
Proposal 4: It shall be possible to transmit S-DPCCH with a power offset 
[image: image2.wmf]l

 (with respect to the transmit power of the P-DPCCH). The power offset could be controlled by the S-RNC.

2.3 Pre-coding vector applied to S-DPCCH

At RAN1#63bis and RAN1#64 it was agreed that the pre-coded DPCCH pilots should be used. This structure is illustrated in Figure 1. At RAN1#64 the working assumption that the S-DPCCH should be transmitted on another channelization code was furthermore agreed. 


[image: image3]
Figure 2: A physical channel layout where the P-DPCCH and all physical data channels are pre-coded with the same pre-coding vector and S-DPCCH is pre-coded with another pre-coding vector.

One benefit of pre-coding is that spatial separation can be achieved between the physical channels transmitted on orthogonal pre-coding vectors. For CLTD it is also so that the primary pre-coding vector (used for pre-coding all the physical channels except the S-DPCCH) will be chosen in such a way so that the pre-coding gain is “maximized”. This will result in that the gain associated with the orthogonal pre-coding applied to the S-DPCCH in general will be very weak. An example of the cumulative distribution function associated with the DPCCH and the S-DPCCH are shown in Figure 3. 
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Figure 3: Difference in DPCCH SINR when the DPCCH and S-DPCCH are transmitted with orthogonal pre-coding vectors. The studied setting considers a 21-cell scenario where the site to site distance is 500 m, and there is on average one active UE per cell.
While it will be necessary to utilize orthogonal pre-coding vectors when multiple independent data streams are transmitted on the same channelization code (as in UL MIMO) this may not necessary apply for CLTD if the two pilots are transmitted on different channelization codes. By using a non-orthogonal pre-coding vector for the S-DPCCH quality level the can be ensured. Figure 4 illustrates the CDF of the DPCCH and the S-DPCCH when a non-orthogonal pre-coding vector is applied.
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Figure 4: Difference in DPCCH SINR when the DPCCH and S-DPCCH are transmitted with non-orthoganl pre-coding vectors. 
Based on these results we conclude that if the S-DPCCH cannot be gated it could be beneficial to allow that the S-DPCCH are transmitted with a non-orthogonal pre-coding vector. Compared to using the orthogonal pre-coding vector this could improve the demodulation performance (and at the same time reduce the accuracy of the channel sounding) given a fixed transmit power. 

Proposal 5: If proposal 2 cannot be agreed, introduce support in RRC to signal a pre-coding weight offset between the P-DPCCH and S-DPCCH.
3 Conclusions
This contribution has discussed the different design choices associated with channel sounding for closed loop transmit diversity for HSUPA. The following proposals were presented: 

Proposal 1: Agreed that the TPC field of the S-DPCCH is used to signal the quality of the physical downlink channel used to carry the PCI.
Proposal 2: Agree that it is possible to gate the S-DPCCH. 
Proposal 3: Agree that it is possible for the serving Node-B to activate and deactivate S-DPCCH gating by means of HS-SCCH orders.
Proposal 4: It shall be possible to transmit S-DPCCH with a power offset 
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 (with respect to the transmit power of the P-DPCCH). The power offset could be controlled by the S-RNC.
Proposal 5: If proposal 2 cannot be agreed, introduce support in RRC to signal a pre-coding weight offset between the P-DPCCH and S-DPCCH.
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From RAN1#63bis


Agreements: 


Working assumption for DPCCH structure:


DPCCH has same precoding vector as data channels, and S-DPCCH has a different precoding vector


Check perfomance comparison w.r.t. other schemes, behaviour with CPC, and evaluate impact of phase discontinuities; revisit or confirm at RAN1#64.





From RAN1#64


Agreements:


The Working Assumption for DPCCH Structure from RAN1#63bis is confirmed. 


Proposal: S-DPCCH is transmitted on a different channelisation code from the DPCCH
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