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1. Introduction

In the work item for CA enhancements [1] there is a mentioning of possibility of investigating options of improving control channel performance. In the MIMO WI description [2], there is also a discussion of options for introducing control channel enhancements – especially in terms of utilizing MU-MIMO and UE specific reference signals.

In contributions for the last few RAN WG1 meetings, there were a number of contributions presenting different views on how to potentially introduce an enhanced/extended control channel (E-PDCCH). As different concepts are going to be considered during the next series of meetings, we would like to introduce some initial thoughts on how to evaluate the performance of different proposals.
2. Gain mechanisms
The potential gain mechanisms that can be foreseen when considering the introduction of an E-PDCCH can be divided into a number of categories:

· Utilization of frequency selective information (FDPS), where the eNB scheduler will potentially have the freedom to schedule a UE according to the reported channel state information. This would tentatively bring a gain in terms of number of physical resources used for each scheduling decision. FDPS has been used for PDSCH scheduling since Rel-8 and is also the driver for a potential FDPS gain for the PDCCH. The difference between PDSCH and PDCCH FDPS gain is that PDSCH is having “access” to all the frequency domain resources, while the PDCCH resources in the frequency domain would potentially be limited by both search space restrictions as well as potential blocking by other users due to overlapping search spaces. Due to this limitation the PDCCH FDPS gain is expected to be lower that the PDSCH FDPS gain. Tentatively, we will assume that the E-PDSCH will be located in the Rel’8/9/10 PDSCH space, meaning that the problem of blocking of the E-PDCCH by other user’s PDSCH is a potential problem. The optimal solution is to introduce search space policies that address this specific problem.
· Utilization of spatial information (beamforming), where the eNB scheduler will potentially have the freedom to schedule a UE according to the reported channel state information, and potentially also allow to multiplex two users on the same physical resources. This would tentatively bring a gain in terms of average number of physical resources used for each scheduling decision for a given UE. Some of the same restrictions in terms of access to frequency domain resources due to limitations in search space are observed here, and would potentially impact the available gain. Further, the feedback resolution of the channel conditions may not be able to reflect the accurate channel conditions for the considered search spaces in the frequency domain.
· Utilization of higher order modulation where the eNB scheduler will try to utilize the reported channel conditions to use fewer resource elements for indicating a scheduling decision. This would tentatively bring a gain in terms of average number of physical resources used for each scheduling decision for a given UE, but at the cost of loosing the possibility of doing power control for the PDCCH (higher order modulation needs known amplitude estimation such that proper demodulation can be assumed. One solution in this domain could be to maintain a constant ratio between E-PDCCH and reference symbols to ensure proper demodulation performance.
· Allowing for more flexibility in the division between control and data regions where we introduce options to switch the border even more dynamically between “control” and “data”. In Rel’10, we have the PCFICH value for controlling this division, but solutions for making this border even more flexible could easily be envisioned. In order to ensure backwards compatibility to Rel’10 and earlier releases, we consider the E-PDCCH to be physically located on the resources that is currently used for Rel’10 PDSCH transmission. However, solutions considered should tentatively target transferring non-used E-PDCCH resources back to the PDSCH transmission.
· Increasing the control channel capacity where the E-PDCCH is introduced as a control channel capacity enhancement feature, which will allow for scheduling more users while using the same amount of physical resources (for both uplink and downlink) as for Rel’10.
· Introduction of new DCI formats.

With these different gain mechanisms in mind, it is obvious that there are a number of gain mechanisms that could be seen introduced for Rel’11 control channel enhancements.
3. Discussion of how to benchmark control channel performance
In earlier specification work for Rel’8 and Rel’10 in terms of evaluation of control channel performance a number of performance metrics were used. For instance, the metric of “first non-scheduled user in a set of prioritized UEs” was used when evaluating the hashing functions for Rel’8 search space restrictions, while “average scheduling delay when performing cross-carrier scheduling” was used for Rel’10 to benchmark different search space options. These metrics were considered to evaluate the impact to scheduler performance, and were quite useful in this context. With this in mind, we would like to highlight the need for defining the exact gain mechanisms targeted for Rel’11 work, and also the need to identify the proper performance metrics to be used for evaluating the gain mechanisms in Rel’11 control channel enhancement work.
Proposal 1: RAN1 should carefully consider which gain mechanisms to target for Rel’11.
Proposal 2: RAN1 investigate which performance metric should be used when evaluating the gain mechanisms for control channel enhancements in Rel’11.

In terms of considerations for a metric for evaluation of E-PDCCH performance, we are proposing the “first non-scheduled user from a set of prioritized UEs” to be a good candidate. The reason for considering this is that this metric will compress physical layer enhancements into one practical metric when considering a constant number of available resources for the combined PDCCH and E-PDCCH. In case of improvements of spectral efficiency, this will lower the required amounts of physical resources per E-PDCCH, and hence less probability of blocking users causing a higher number of users scheduled before experiencing first blocking of a user. In case more advanced techniques like multi-user MIMO is applied to the E-PDCCH, we will be able to carry multiple E-PDCCH on the same physical resources, and would be able to schedule more users before experiencing first blocking. Finally, in case of definition and potential reduction of search space for the E-PDCCH, the impact of different approaches would also show in the first user experiencing first blocking. Hence, we propose
Proposal 3: RAN1 should consider the metric of “first non-scheduled user from a set of prioritized UEs” as one of the performance metrics to consider for evaluation of E-PDCCH.
4. Conclusion
Based on the discussions above, we find that one of the most important issues to consider before developing solutions for control channel enhancements is to identify what we are actually looking for. Hence, we propose the following:

Proposal 1: RAN1 should carefully consider which gain mechanisms to target for Rel’11.
Proposal 2: RAN1 investigate which performance metric should be used when evaluating the gain mechanisms for control channel enhancements in Rel’11.
Proposal 3: RAN1 should consider the metric of “first non-scheduled user from a set of prioritized UEs” as one of the performance metrics to consider for evaluation of E-PDCCH.
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