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1 Introduction
At the RAN#50 plenary meeting a Rel-11 work item on uplink transmit diversity was started [3]. This work item aims at specifying both open and closed loop transmit diversity. Closed loop transmit diversity is based on that the network controls, and explicitly signals the pre-coder that the UE applies. Open loop transmit diversity techniques is instead based on that the UE tries to exploit already existing feedback that is transmitted from the network to the UE for some other purpose and that the UE based on this information, autonomously decides a pre-coder. Open loop transmit diversity has been studied extensively by RAN1 and a report summarizing the RAN1 findings can be found in [1]. 

At RAN2#73bis a few companies presented some initial considerations for open loop transmit diversity. In [2] a short analysis of the L2 and L3 impacts related to open loop transmit diversity was presented. In particular, it was proposed: 

· To rely on UE dedicated RRC signalling for activating the of open loop transmit diversity
· To introduce a new UE capability for UEs supporting open loop transmit diversity.

Network control of the OLTD feature was also the topic discussed in [4]. In this contribution the following options were mentioned; on a per-UE basis, on a per-cell basis, or on a per-network basis. In this contribution we present our initial considerations for the design of open loop transmit diversity.

2 Discussion
This section presents a few considerations on the design of OLTD. As a guiding rule we believe that it is desirable if the network has the same set of available tools for controlling the activation status of both closed and open loop transmit diversity. Related issues for closed loop transmit diversity are discussed in [5]
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2.1 Open loop transmit diversity
Open loop transmit diversity is based on that no new dynamic feedback signalling between the network and the UE is introduced. To determine the pre-coder the UE instead re-uses feedback transmitted for other purposes. Two examples of such feedback information are the transmit power control (TPC) commands transmitted on F-DPCH and the HARQ-ACK feedback information transmitted on the E-HICH. The physical channel layout for OLTD is shown in Figure 1. 
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Figure 1: Illustration of the physical channel layout for OLTD.
2.2 Study item conclusions 

During the study item both switched transmit antenna diversity and beamforming transmit diversity were investigated. In general, the potential gains (or losses) in terms of throughput and UE power savings varied between scenarios. For slow fading channel conditions some gain in average and 10th percentile user throughput were noticed. However, for other contexts, e.g., channels with a large delay spread or large Doppler spread smaller gains or even losses in UE and system performance was observed. 
In the conclusions it was moreover noticed there could be a system performance degradation if the TPC delay estimated by the UE is erroneous for certain algorithms. There were also a set issues and circumstances under which the performance of open loop transmit diversity was not studied (or where no common conclusion could be reached).
In the technical report [1] it was recommended that higher layer signaling to activate/deactivate open loop transmit diversity should be considered as a possible method to mitigate the detrimental effects of open loop transmit diversity schemes.
2.3 Network control of OLTD

During the study item on open loop transmit diversity as well as during the work item on closed loop transmit diversity numerous results highlighting that under certain radio conditions (e.g., fast dispersive channels) open loop transmit diversity may result in both UE losses (in terms of increased UE Tx power) and system performance degradations (in terms of less efficient RoT utilization). Hence, open loop transmit diversity is only beneficial under certain circumstances. In general we prefer UE dedicated signalling for activating/deactivating the OLTD feature. This is similar to what was proposed in [2]. A few reasons for why we prefer UE dedicated signalling (rather than on a per-cell basis) are:
· Node-B may need to treat OLTD and non-OLTD UEs differently. During the study item it was shown that the performance of legacy UEs may suffer in the presence of ULTD UEs. To handle this problem it may be necessary to treat OLTD and non-OLTD UEs differently, for example from a scheduling point of view. In order to achieve this, it is necessary to have knowledge of whether the UEs are applying OLTD or not.
· The UL TPC generation is UE specific. The OLTD UE algorithms studied during the study item were assumed to be based on UL TPC commands transmitted by the Node-Bs in the active set. It was moreover assumed that an SIR-based ILPC loop was applied. However, the assumption that the UL TPC commands are generated simply by comparing an SIR estimate with an SIR target is not necessarily a valid assumption. In situations where another ILPC variant is applied it may be necessary to control the OLTD feature on a per-UE basis.

· The radio conditions are UE specific. As mentioned above the performance of OLTD was dependent on the radio conditions and for certain conditions, OLTD could result in a significant performance degradation. As radio conditions are UE specific it would be beneficial to control the usage of OLTD for UEs exhibiting these conditions. 

· Open loop transmit diversity may be unsuitable for certain RRC configurations. If the OLTD UE algorithms are based on UL TPC commands (transmitted by NodeB), there may be RRC configurations that are not suitable in combination with OLTD. For example, if the UE is configured with CPC DTX, the UL DPCCH is not transmitted continuously meaning that the OLTD UE algorithm does not receive UL TPC commands as frequently. This could have a detrimental impact on the performance of the OLTD feature. Another example of an RRC configuration where OLTD may be unsuitable is soft handover. In particular, if one consider the case where the UE directs its beam towards a non-serving cell this may increase the uplink link asymmetry between the serving and non-serving cells, which in turn could cause a significant negative impact on the HS-DPCCH since the HS-DPCCH is only received in the serving cell. 
Aside from these arguments in favor of UE dedicated signaling it is not clear whether cell-specific network control would work for all cases. As one example, with a cell-based control of OLTD and the related information is transmitted on the system information it is not clear how the UE can ensure that it only applies OLTD in cells where this is allowed after a serving cell change (since the SIB information for the target cell may not be read).  
For the reasons presented above we propose:
Proposal 1: Introduce UE dedicated signalling for enabling/disabling open loop transmit diversity via RRC.
As noted in [2] UE dedicated signalling will require that a UE capability that is signalled to the S-RNC is introduced. 

2.3.1 Need for dynamic activation and deactivation of OLTD 

As noted above the usefulness of open loop transmit diversity is context-dependent and amongst other it will depend on the Doppler and delay spread of the radio channel, the antenna imbalance, the current load in the cell, etc. A considerable part of the relevant information is available at the Node-B whereas it may not be available at the S-RNC. This means that there are good reasons to, in addition to the RRC signalling, also support dynamic (de)activation of OLTD by means of HS-SCCH orders. In fact, HS-SCCH orders are also considered for closed loop transmit diversity by RAN1. 

Proposal 2: Discuss the need for supporting dynamic deactivation by means of HS-SCCH orders.

For certain context where it is not possible for the network to send HS-SCCH orders for activating and deactivating the feature it will be necessary to involve the S-RNC for activating the feature. For such scenarios, or if HS-SCCH orders is not introduced as a complement it may be beneficial to introduce signalling whereby the Node-B(s) can request the S-RNC to enable/disable the feature. 

Proposal 3: Discuss the need to introduce signalling so the Node-B can request the S-RNC to enable/disable OLTD.
3 Conclusions
This contribution discussed our initial considerations on OLTD. We propose:
Proposal 1: Introduce UE dedicated signalling for enabling/disabling open loop transmit diversity via RRC.
Proposal 2: Discuss the need for supporting dynamic deactivation by means of HS-SCCH orders.
Proposal 3: Discuss the need to introduce signalling so the Node-B can request the S-RNC to enable/disable OLTD.
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