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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 February 23 and March 24, 2006. A total of around 100 e-mails were sent on the topic.

The discussion covered

· contents and approximate number of bits for downlink control signaling,

· contents and approximate number of bits for uplink control signaling, and

· mapping of downlink control signaling onto physical resources.

Two text proposals ‎[1][2]

 REF _Ref130709519 \r \h 
‎ for TR25.814 were prepared as part of the e-mail discussion. Additional control signaling information, not captured in this TPs, may be required depending on future decisions although ‎[1][2]

 REF _Ref130709519 \r \h 
‎ represent the baseline. A list of possibilities and open issues for the mapping of control information onto physical resources can be found in ‎[3].

The main issues raised during the discussion were:

· Control signaling not covered by the current TP

· Uplink timing control: Control signaling may be required to support uplink timing adjustment. Although the need for timing control is generally acknowledged, it is not treated in ‎[2] as the details on timing adjustment is still to be discussed, e.g., whether outband or inband L1/L2 control signaling will be used.

· Uplink power control: A separate field in the downlink for uplink power control bits was suggested by some companies. Such a field is not part of the text proposal ‎[2] as no discussion on uplink power control has taken place yet.

· Multi-antenna support:

· To handle individual rate selection on different streams in case of multi-codeword MIMO schemes, multiple instances of (parts of) category 2 and 3 downlink scheduling information may be required for a single user. A final conclusion cannot be drawn until the MIMO discussion has progressed further.

· Multi-layer transmission is likely to require feedback of more information than single-stream. One possibility to handle this is to define multiple CQI reporting formats, which could impact the number of CQI bits.

· Multiple ACK/NAK bits in a subframe, both in downlink and uplink, are required to handle individual acknowledgement of multiple streams in case multi-codeword MIMO is selected. Multiple ACK/NAK bits may also be required for TDD support (some downlink-related ACK/NAKs may have to be delayed until an uplink subframe is available) and in case multiple transport blocks per TTI are to be supported.

· Signaling of multi-layer information: Discussions took place whether the multi-layer information required by the UE should be part of category 1 or category 2 in the downlink scheduling information. Including it as cat 1, as done in the current TP, allows multi-stream transmission to be used for cat 2 control signaling. The amount of bits in the cat 1 information is larger in this case, as is the variations in the number of bits in cat 1 depending on whether multi-layer transmission is used or not. 

· Uplink TFC selection:

· Discussions took place on whether the UE or the NodeB should determine the transport format for uplink transmissions. UE-controlled TFC selection requires signaling of the TFC as part of the uplink control signaling, while NodeB-controlled TFC selection avoids this signaling in the uplink. Some companies had concerns on the impact on inter-cell interference from padding required by NodeB controlled TFC selection in case the granted payload is not fully utilized and whether the NodeB will have sufficient information for TFC selection. Other companies where concerned about the overhead from TFC signaling in the uplink and its impact on coverage. Whether to use NodeB or UE controlled uplink TFC selection needs to be discussed with RAN2, the current TPs cover both possibilities.

· Scheduling request:

· The possible mechanisms for the UE to request uplink resources were discussed. Three mechanisms were considered: non-synchronized random access, synchronized random access, and a ‘single bit scheduling request’.  The single-bit scheduling request can only be transmitted together with other uplink control signaling (ACK/NAK and/or CQI). It was acknowledged that random access discussions should take place in the corresponding e-mail thread. The single-bit scheme is currently not part of ‎[1] as further discussions are required prior to inclusion in the TR.

· Group indicator and CQI reporting:

· For VoIP, a ‘group indicator’ was suggested as an alternative to a full CQI report. The group indicator would be used by the UE to increase/decrease its group number as a function of the channel quality. To implement the proposed group handling for VoIP, a per-UE dedicated control bit, serving as a transmit indicator, could be used. The downlink ACK/NAK bits may this case be reused as a one bit scheduling grant. The proposal was noted but considered too detailed to be included at this stage.

· Transmission scheme for downlink control signaling

· Discussions on the mapping of downlink L1/L2 control information onto physical resources were initiated. A list of open issues and possibilities for the downlink scheduling information can be found in ‎[3]. No firm conclusions were drawn in this area. The issues discussed include:

· Joint-vs-separate coding of the control information for multiple UEs were discussed. The need for a fixed-format field to inform the UEs how to process the remaining of the control channel information was also brought up by some companies.

· To what extent control information should be transmitted as part of the scheduled resource blocks.

· Whether multiple transmission formats should be allowed for the control signaling or not, e.g., to support link adaptation also for the control signaling. This is also related to the scalability of control signaling.

·  Time/frequency structure, i.e., whether TDM or FDM of control signaling and data should be assumed. The relation to interference coordination was also brought up as important by some companies.

· TDD aspects.
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