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1. Discussion Summary

This contribution is a summary of the discussion on LTE L1/L2 control signaling, taking place on the RAN1 e-mail reflector between RAN1#44bis and RAN1#45. Approximately 70 e-mails were sent on the topic. The discussions were a continuation of the discussions held prior to RAN1#44bis, which are summarized in ‎[1] and whose agreements were captured in ‎[2].

The discussions covered mainly two issues:

· coding of downlink control information

· multiplexing of downlink control information (mainly information related to downlink scheduling)

In addition, a limited amount of discussions related to uplink control signaling took place, mainly related to multiplexing of uplink control information from a coverage perspective.

Designing a suitable control signaling scheme for LTE is considered to be feasible and several proposals for such schemes were made. Two companion contributions, ‎[3] and ‎[4], captures open issues related to downlink and uplink control signaling, respectively, and may serve as a basis for future discussions on the control signaling details.

The main issues raised during the discussion were:

· Three structures, illustrated in Figure 1, for signaling of downlink scheduling information were brought up during the email discussions, two based on separate coding and one based on joint coding. The main focus of the discussion was on the cat 1 information for downlink scheduling.

· Joint coding of downlink information for multiple UEs (at least cat 1 downlink scheduling information, possibly also other information fields)

· Improved coding performance due to larger code blocks

· Allows for dynamic (per subframe) division of resource between data and control if a separate length indicator is included

· No agreement to what extent this dynamic division is beneficial.

· Separate coding of downlink information for multiple UEs, i.e., cat 1/2/3 for each scheduled UE is separately encoded.

· Possibility for resource savings through individual power control

· No common view on the benefit from power control. Some companies claimed the advantages cannot be exploited as neighboring cells anyway must be planned for the worst-case power setting.

· Possibility for user-specific beamforming

· Multiplexing of data and control in the downlink. Two approaches were discussed:

· TDM between data and control by using one (or several) OFDM symbols in the beginning of the subframe

· Allows for micro-sleep which, according to some companies, may improve UE power consumption.

· FDM between data and control by using a set of subcarriers during the full subframe duration for control signaling

· May have coverage benefits in large cells. Some companies expressed concerns about the possibility to provide sufficient coverage in large cells with TDM.

· The applicability of FDM to TDD were discussed, where concerns were raised that part of the FDM control signaling may end up in the idle period between uplink and downlink transmissions (assuming the idle period is “stolen” from the downlink subframe). Two possible solutions were mentioned:

· FDM without control signaling in the last symbol of the sub-frame (works for cells up to size 10.7 km and for larger cells when the TTI is >0.5ms and control signaling is only applied to the first sub-frame of the TTI)
· FDM with the idle period applied at the start of the UL sub-frame
· Multiplexing of data and control in the uplink

· Coverage of uplink control signaling in case of TDM between data and control were discussed. Although there was no clear conclusion whether there is a coverage problem with TDM or not, it was agreed to investigate the link budget in the work item phase. One possible solution, if there is a problem, could be to extend the TTI in large cells.

· Miscellaneous

· Transmission of cat 2 and 3

· Inside scheduled resource blocks or coded together with cat 1.

· No strong views in either direction were expressed.

· Size of UE ID on the downlink scheduling information

· The need for a shorter ID than the C-RNTI was discussed.

· Coverage of downlink control signaling

· The code rate for downlink control signaling required for proper coverage were discussed and some simulation results were submitted.
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Figure 1: The three main structures for downlink scheduling information discussed over email.
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