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1 Introduction
At the RAN#50 plenary meeting a work item on uplink transmit diversity was started [3]. This work item contains both open and closed loop transmit diversity. Open loop transmit diversity techniques are based on that UEs try to exploit existing feedback signalling and autonomously decide a pre-coder. Closed loop transmit diversity is instead based on that the network controls, and explicitly signals the pre-coder that the UE applies.

At RAN1#63bis and RAN1#64 closed loop transmit diversity has been discussed in RAN1. Aside from high-level design options, the contributions presented during these meetings have focused on RAN1 specific considerations. At RAN2#73bis, a few companies presented an initial view on closed loop transmit diversity in RAN2 [2]. In this contribution we present our initial view on the RAN2 related design considerations of closed loop transmit diversity. 

2 Discussion
2.1 RAN1 agreements and working assumptions

Based on the outcome from RAN1#63bis and RAN1#64 the following set of agreements and working assumptions exist: 
Agreements related to pilot design

· A secondary DPCCH (S-DPCCH) has been introduced (RAN1#63bis).

· S-DPCCH is transmitted on another chanelization code from the DPCCH. (RAN1#64)
· DPDCH, HS-DPCCH, E-DPCCH, and E-DPDCH are pre-coded (RAN1#63bis).

Agreements related to pre-coding

· DPDCH (if present), HS-DPCCH, E-DPDCH is pre-coded with the same pre-coding vector as the DPCCH. DPCCH is precoded with another pre-coding vector. (RAN1#64)
Agreements related to power control 

· A single inner loop power control loop and a single outer loop power control loop are used. (RAN1#63)
Working assumptions 

· The Serving NB decides the pre-coding weights (RAN1#64)
· The PCI feedback is carried on an F-DPCH-like channel (RAN1#64)
· UL CLTD is supported for UL DPDCH (RAN1#64)
· UL CLTD is supported when DL DPDCH is configured (RAN1#64)
· UL CLTD is supported for both 2ms and 10ms TTI (RAN1#64)
2.2 MAC related impact of CLTD
The physical channel layout for CLTD agreed in RAN1 is shown in Figure 1. One characteristic of this channel layout is that the DPCCH and E-DPCCH, HS-DPCCH, and E-DPDCH are pre-coded with the same pre-coding vector. Hence these channels will exhibit an identical composite channel, which in the prolonging results in that the power ratio between, e.g., the E-DPDCH and the DPCCH at the UE and at the Node-B is the same. This implies that the existing grant mechanisms can be reused without any modifications.

Observation 1: The existing definition of the serving grant can be reused (i.e. the serving grant can still describe the power ratio between the E-DPDCH and the DPCCH).  

One difference with respect to the legacy operations is that an S-DPCCH also may be transmitted. The exact details of the S-DPCCH are still being discussed and RAN1 currently evaluates whether it should be possible to use a power offset (with respect to the P-DPCCH) when transmitting S-DPCCH and whether it should be possible to gate S-DPCCH. 
Since there are two DPCCH pilots it may be necessary to update the definitions of the uplink power headroom (UPH) information and some of the existing events, which currently considers the DPCCH. 

Observation 2: It may be necessary to revisit the definition of the UPH.

Observation 3: It may be necessary to study possible impact in mobility events, channel estimation, and other functionalities which may use as an input the DPCCH pilots.
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Figure 1: Illustration of the physical channel layout for CLTD agreed in RAN1.
2.3 L3 related signalling for CLTD

Another topic that is being discussed in RAN1 is for which configurations that CLTD should be supported. The working assumption is that CLTD should be supported for UL DPDCH and when DL DPDCH is configured. For the case where a UE is configured with HSDPA it is reasonable that the serving Node-B controls the pre-coding weight generation. One reason amongst other for this decision is to ensure the HS-DPCCH quality. 

However, when DL DPDCH is configured there will not exist any serving Node-B. Also for this case it is however desirable that the pre-coding weight information only is transmitted from one Node-B in the active set. This could be achieved by introducing signalling whereby the serving RNC (S-RNC) controls which of the Node-Bs that should transmit the pre-coding weight information. In case RAN1 agrees that there only should be one Node-B that controls the pre-coding weight information it will be necessary to introduce signalling to both the Node-B and UE. To decide which one of the Node-Bs in the active set that should generate the pre-coding weights existing events (e.g., Event 1D) and/or measurements (e.g., SIR error) could be used. It should however be discussed whether there exist a need to complement existing events and measures. 

Observation 4: If it is agreed that there is one Node-B that controls the pre-coding weight information also when HSDPA is not configured, RRC signalling needs to be introduced to inform the UE.

2.4 Activation and deactivation of CLTD 

As noted in several contributions related to the closed loop transmit diversity (and also during the study item on open loop transmit diversity) it has been noted that uplink transmit diversity can cause performance degradations both for the UE (in terms of increased) and for the Node-B (in terms of less efficient RoT utilization) under certain circumstances. Examples of situations where the benefits of closed loop transmit diversity may be questionable are when the radio channel is characterized by a high Doppler spread (the UE is moving with a high speed), the channel has a larger delay spread, and/or where there is a large antenna imbalance. Typically, this information is readily available at the Node-B whereas it may not be available to the S-RNC. Hence we are generally in favour of supporting dynamic (de)activation by means of HS-SCCH orders. 
For contexts where the UE is not configured with HSDPA however there is not possible to rely on HS-SCCH orders. This means that it will be necessary to involve the S-RNC for (de)activating the feature. To a certain extent it may however be possible for the Node-B controlling the pre-coding vector generation to artificially deactivate the feature if the pre-coding codebook includes an antenna switching codeword. This topic is still being discussed in RAN1. 

Observation 5: For UEs configured with CLTD without a serving Node-B it may be necessary to introduce signalling from a Node-B to the S-RNC requesting activation/deactivation of the feature.

3 Conclusions
This contribution presented some initial considerations for CLTD. Although there are still several RAN1 related design choices that will impact the RAN2 design we observed the following: 
Observation 1: The existing definition of the serving grant can be reused (i.e. the serving grant can still describe the power ratio between the E-DPDCH and the DPCCH).  

Observation 2: It may be necessary to revisit the definition of the UPH.

Observation 3: It may be necessary to study possible impact in mobility events, channel estimation, and other functionalities which may use as an input the DPCCH pilots.

Observation 4: If it is agreed that there is one Node-B that controls the pre-coding weight information also when HSDPA is not configured, RRC signalling needs to be introduced to inform the UE.

Observation 5: For UEs configured with CLTD without a serving Node-B it may be necessary to introduce signalling from a Node-B to the S-RNC requesting activation/deactivation of the feature.
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