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1
Introduction and overview of the multi-point schemes

The RAN plenary meeting #50 has approved a study item on the multi-point data transmission for the HSDPA networks [1]. At the moment, a few core multi-point schemes have been identified, which are presented and technically described in [2]. 

The HS-SFN multi-point scheme relies upon over-the-air combining principle where the same data is transmitted from different cells in a synchronized way. The HS-DDTx sub-feature provides an additional assistance by DTX'ing a neighboring cell thus further improving the assisting gain. The Multiflow scheme also exploits the simultaneous transmission from different cells, but the transmitted data is different, which is accomplished by splitting the application level information into different flows. 

In this paper we present our initial view on what configuration and signaling information will be needed to run both multi-point schemes. In fact, as we present in the document, both schemes share a number of common features, e.g., CQI reporting, identifying the cooperative set for a UE, activation and termination of cell monitoring etc. Even though many of these issues are tackled at the stage of WI, it is beneficial to consider them at the SI stage to have a better picture of how complex the final architecture will be.  

2
Signaling proposals

2.1
L1 CQI signaling

In this section we present our view on what to report in the channel quality reports to support the above mentioned multi-point transmission schemes. 

To assist the Node B scheduler with information on when it makes sense to enable the assisted data transmission, the former must be aware of the combined channel performance a UE perceives in the DL direction from an assisting cell. Assuming a UE is provided with information on which assisting cell(s) to measure for the combined channel performance, (see section 3.2 for more details), the most straightforward way is to send independent CQIs, where one of them is the conventional CQI report for the standalone transmission and the remaining one(s) is the CQI report for the combined channel. 

Even though the main working assumption is that there is only one candidate cell for the assisting transmission due to the intra-site scheduling approach, we do not limit ourselves to this scenario. The remote radio heads deployment will create scenarios with more than two assisting candidates controlled by the same system module. In this case, more than one combined channel CQI report might be requested from UE. While it is in understandable that the minimum requirement for the HS-SFN capable UE is to measure at least one assisting cell, the maximum number is left for the UE capabilities and further discussions.

Similar to the HS-SFN scheme described above, to facilitate the Node B scheduler with information for efficient HS-DDTx  scheduling, a UE must provide some information regarding what the performance will be once a particular cell stops data transmission. Since a UE can estimate the interference level created by a particular cell, a possible solution is that a UE sends a CQI report with the SINR value that a UE would perceive once the particular cell DTX its HS-PDSCH channel. 

In the intra-site and especially in the remote radio head deployment, there might be useful to request to report both HS-SFN and HS-DDTx CQI reports to gain as much as possible from assistance provided by one cell and DTX'ing provided by another one. Furthermore, a UE might be also configured to send HS-SFN and HS-DDTx report from the same cell, so that the scheduler knows which strategy to choose at a particular moment of time. Even a more versatile scheme is when both HS-SFN and HS-DDTx CQIs are sent for several cells so that the scheduler selects the best combination.

For the Multiflow scheme, where data  is scheduled independently from each cell, we anticipate that conventional CQI are transmitted for each cell like in DC-HSDPA. However, similar to the HS-SFN scenario explained above, a UE may provide CQIs for more than one cell so that network can choose the best assistant. Further the UE may be configured to report CQIs on a secondary link only if a certain link-specific threshold is reached.

Regardless of a particular multi-point transmission scheme, HS-SFN or Multiflow, we believe that the CQI structure defined for MC-HSDPA can be reused as much as possible. 

2.2
L2 RRC signaling

In this section we present the signaling and configuration information to be exchanged between a UE and RNC. For the sake of clarity, we separate the capability signaling from the actual configuration.

Capability signaling

Similar to other features, a  UE must signal whether it supports a particular multi-point transmission scheme. We do not exclude a possibility when a UE supports several schemes, e.g., the Multiflow to exploit higher geometries and HS-SFN for better cell edge performance. For each scheme, additional capabilities might be signaled.  For instance, a UE might signal how many parallel CQI reports for the assisting cells it can send.

As explained in [5], the Multiflow scheme needs a solution to split the application level traffic, where one  might have several options supported by UE. This is also must be signaled as a part of UE capabilities. 

Configuration signaling

Regardless  of the multi-point scheme, our initial vision is that the RNC enables (and disables) the multi-point transmission scheme, related CQI reporting and instructs a UE which assisting cell(s) must be monitored. The reasoning behind this approach is that the multi-point capable UE must know at least when to start sending appropriate CQIs and for which assisting cells. Obviously, a UE does not know whether the network supports a particular multi-point scheme and even if it does, it is up to the network when to enable it for a particular UE. Since all the measurement reports are sent to the RNC and the latter knows the actual load and the cooperative set configuration, it is in the best position to decide when and what cells are to be monitored. In the simplest case the RNC may exploit its knowledge of the UE active set to decide which Node B(s) from the cooperative set under the RNC control will provide assistance. 

Regarding the Multiflow scheme, the configuration signaling might is expected to be more complex and will require some transport level related configuration info. In fact, it depends on how the data split is actually organized, which is a subject for further discussions [5].

Measurement configuration signaling

A UE that is reporting CQI for different interference scenarios will base its CQIs on measurements taken from a set of DL TTIs. At present it is left to UE implmenetation how the CQI is derived. 

[25.214]: “Based on an unrestricted observation interval, the UE shall report the highest tabulated CQI value…”

In the context of interference coordination at the Node B it is however desirable to create clarity at least about the time instances when the UE is taking measurements for CQI reporting purposes, so as to allow the Node B to infer the actual interference situation of the UE from CQI report and the Node B’s knowledge of what had been transmitted in the neighbouring cells. We therefore propose to introduce corresponding CQI measurement time instance configuration or notification signalling. Notably this would be well aligned to the approach used in the Enhanced Inter-Cell Interference Coordination (eICIC) operation introduced to Rel-10 LTE specifications.

2.2
L3 NBAP signaling

Similar to the previous section, here we provide our view on what should be exchanged and signaled between the RNC and Node B(s). 

Like the UE capability signaling, the RNC must be aware which cells support a particular multi-point solution so that the scheme can be enabled for a UE and appropriate Node Bs are configured to provide the assistance. To avoid misinterpretation of CQIs at Node B, the RNC must perform the multi-point configuration in a synchronous way at a UE and Node B sides. At the same time, we do not exclude the possibility of semi-autonomous activation of the multi-point scheme, assuming that the network pre-configures a UE with the relevant information. Similarly, the deactivation of the multi-point scheme must be done in a consistent way to avoid potential data losses and misinterpretation of the signaling information at the Node B side.
In [6], the problem of sequence gaps is raised where a tighter Iub flow control is considered as a solution to mitigate this negative impact. Our view is that a particular algorithm can be left to implementation as it will depend heavily on the adopted data split option, RLC or PDCP [5]. In case of the PDCP data split, existent Iub flow control algorithms can be reused without any additional enhancements. Anyway, regardless of the approach taken, the Iub frame protocol provides all the necessary means to avoid buffer under-runs and ensure that PDUs do not experience large delays.

3
Conclusion

In this paper we present our initial view on what configuration and signaling information will be needed to run multi-point schemes, in particular reporting of different interference scenarios by the UE, so as to allow the Node B to make an informed choice on the used multi-point transmission scheme. Some initial thoughts on the configuration and signalling for RRC and NBAP are given. Despite the fact that many of these issues are tackled at the stage of WI, we find it beneficial to consider them at the SI stage to have a better picture of the final architecture. 
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