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1. Introduction
During the e-mail discussion [77-23b] on RRC parameters related to small cell discovery, several open issues were identified related specifically to configuration of CSI-RS to the UE. In this contribution we provide our views on the required network assistance and configuration of CSI-RS as part of discovery reference signals (DRS).
2. CSI-RS configuration
In RAN1#77, it was agreed that the UE may assume that CRS are always present in DRS, and in addition if configured, also presence of CSI-RS may be assumed. As the number of different possible CSI-RS configurations and scrambling codes is excessively large for a pure UE-autonomous search, some prior configuration information is needed by the UE on the CSI-RS that should be measured.
The required parameters include CSI-RS subframe configuration (or offset to SSS), CSI-RS resource configuration, virtual cell ID and (potentially) information on the used antenna ports. Additionally, since the time/frequency tracking possibilities based on CSI-RS are highly limited, the UE needs to be able to associate each CSI-RS configuration with a cell ID and PSS/SSS/CRS. UE should then also be able to assume that time/frequency offset compared to the associated PSS/SSS/CRS is within certain bounds to be defined by RAN4.
Regarding the used antenna ports, it is rather clear that the choice is between antenna ports 15 and 16 as it would not make sense to have the UE measuring on more than two antenna ports, from UE complexity or from measurement performance perspective. It has been proposed that the UE could be configured to use either antenna port 15 or antenna port 16 for a specific CSI-RS resource, which would enable utilizing the orthogonal cover code to basically double the CSI-RS reuse factor. However, the reuse factor of CSI-RS is already sufficiently large, so there does not seem to be any compelling need for such signaling.

Question is thus mainly whether the UE should measure only antenna port 15 or both antenna ports 15 and 16. Related to this issue, already during the Release 11 CoMP discussion some evaluations were conducted, see e.g. [1]. Best measurement performance at low SNR is obtained by utilizing only a single antenna port 15, while at higher SNR it would be possible to obtain some diversity gain in the measurement if also AP16 is used. However, this performance benefit is very small, and optimizing high SNR performance (by configuring also AP16) at the cost of performance at low SNR does not seem reasonable for RRM measurements. The case where utilizing also AP16 could make sense is when DRS is configured to overlap with CSI-RS used for CSI feedback, and thus antenna port 16 is anyway transmitted. However, even in that case the benefit of utilizing also AP16 remains fairly small – thus it could be left for UE implementation whether AP16 is used or not (similarly to utilization of antenna port 1 for existing RSRP measurements), and no separate configuration of CSI-RS antenna port information is needed.
One of the open aspects related to CSI-RS configuration was how to configure the subframe in which the UE may assume CSI-RS. It was left open whether the relative subframe offset between SSS and CSI-RS is variable or fixed within 5 ms relative to SSS subframe. During the e-mail discussion [77-23b] on RRC parameters for small cell discovery, it was also proposed that this configuration could be done simply using the existing subframeConfig parameter. From our perspective it could be simpler to just specify a new subframe offset parameter with a range of [0,4] ms for the purpose: Existing CSI-RS-Config IEs are anyway not well applicable as for instance the number of antenna ports or parameter Pc are not needed, so a new IE will be needed. The existing subframeConfig parameter allows configuration of basically any subframe for CSI-RS, so if this parameter is used, some restrictions would need to be specified in order to limit the possible configurations to the range of [0,4] ms w.r.t the SSS subframe.
Observations:

· For CSI-RS measurements, the UE needs to have information on CSI-RS subframe and resource configurations as well as the virtual cell ID.

· Full autonomous search is obviously not feasible from UE complexity perspective.

· In addition to CSI-RS subframe and resource configuration and virtual cell ID, association of each CSI-RS configuration with a cell ID (and thus PSS/SSS/CRS) is needed for obtaining a time/frequency reference.

· CSI-RS are not well applicable for time/frequency offset estimation.

· CSI-RS antenna port information does not need to be signaled as the UE may always utilize antenna port 15.

· Only a very small performance benefit at high(er) SNR is observed from utilizing also antenna port 16 – however this comes at the cost of worse performance at low SNR.
· It could be considered that the UE may additionally utilize antenna port 16 if it can be reliably detected.

RRM measurements have since the beginning of LTE been possible without relying on heavy network assistance in terms of neighbor cell lists etc. Thus in fact one of the main advantages of CRS-based cell search over CSI-RS –based one is that fully UE-autonomous search is enabled without additional assistance from the network. It would be highly desirable that the (planning) effort required for configuring the assistance information to the eNBs, as well as the overhead associated with signaling the configurations to the UE could be avoided also in case of CSI-RS. This may achieved by pre-defining, e.g. by some implicit rules, which CSI-RS configurations the UE should be searching for and/or measuring. On the other hand, such rules will unavoidably limit the configuration possibilities, since the number of possible configurations is very large and at the same time the UE search complexity should be kept limited. Thus, while it is important to have an option to provide the CSI-RS configuration information implicitly (e.g. based on physical cell ID), it is equally important to have the option to signal the information explicitly via RRC in order to enable any possible CSI-RS configurations to be used without limitations. This can be achieved simply by defining some default values and related UE behavior for the CSI-RS parameters, which can then be overridden by explicit RRC signaling.

Some examples of implicit rules for determining the CSI-RS resources to be measured were given in [2]. Basically, by default the UE could assume virtual cell ID equal to the cell ID, a default value for the subframe offset between SSS and CSI-RS (FFS which value) and a set of possible CSI-RS resource configurations indexed by cell ID. The maximum number of possible CSI-RS configurations that the UE should measure may need to be left for RAN4.
Finally, it is noted that if implicit configuration of CSI-RS resources via default values is agreed, there may be a need for a separate RRC parameter indicating simply whether CSI-RS may be assumed present or not. If only explicit configuration of CSI-RS resources is included, there is no need for such a parameter as the mere existence of CSI-RS configuration parameters already indicates presence of CSI-RS.

Observations:

· RRM measurements in LTE have always been possible without heavy assistance information from the network.
· Also CSI-RS measurements should be possible without explicitly signaled side information. 

· Definition of default values for the RRC-configured CSI-RS parameters and the related UE behavior should enable UE-autonomous CSI-RS measurements without excessive UE complexity.
3. Conclusion 
In this contribution, we have discussed the provision of CSI-RS configuration information to the UE in support of DRS-based measurements. Our proposals are as follows:
Proposals:
· CSI-RS configuration as a part of DRS shall include the following parameters:
· Physical cell ID, in order to associate CSI-RS with PSS/SSS/CRS.
· The UE may assume the CSI-RS to be received within certain time and frequency error bounds relative to PSS/SSS/CRS, the bounds being up to RAN4.

· CSI-RS subframe offset (relative to SSS).
· Range of the parameter is [0,4] ms.

· CSI-RS resource configuration.
· Virtual cell ID.
· Include a possibility of configuring the CSI-RS parameters implicitly, e.g. based on cell ID.

· Subframe offset and virtual cell ID may be simply based on a default value while the cell ID may be linked to a default subset of CSI-RS resources.
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