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1 Introduction

In the RAN1#48 meeting, the way forward on several downlink L1/L2 control channel issues has been agreed [1]. One of the remaining issues is the transmission cycle and update cycle of the number of DL L1/L2 control channel elements (nCCE). This contribution provides our view on this aspect.

2 Discussion

By knowing the number of the DL L1/L2 control channel elements nCCE, a UE can derive the location of the DL L1/L2 control channel elements. Therefore, for a given subframe, nCCE is required to be received by at least all UL and DL scheduled UEs and depending on the DL ACK/NACK design it may also need to be received by all UEs expecting a DL ACK/NACK. Since, the required DL L1/L2 control channel overhead may change with the cell load and traffic scenario, it should be possible to at least semi‑statically update nCCE. This indicates that nCCE should be broadcasted on cell level.

The most important issues to be solved on broadcasting nCCE are the required update cycle, the required transmission cycle and overhead.
Update cycle of nCCE

As we have shown by system level simulations [2], there is no performance difference between a dynamic and semi‑static adjustment of nCCE for a given cell load and traffic scenario. Moreover, we believe that the load and traffic scenario within a cell changes at most on the order of several tens of milliseconds. Therefore, we think an update cycle of nCCE on the order of 80-120 ms is sufficient.
Transmission cycle of nCCE
In order to keep scheduling delays after DRX wake‑up, handover and cell (re)selection at a reasonable level, a transmission cycle of 80-120ms is not sufficient. In this perspective, we see the scheduling delay after a DRX wake‑up as the dominant aspect. Assuming that after a DRX wake-up, a UE firstly needs to perform a CQI measurement and then to transmit the respective CQI feedback, there exists a scheduling delay of a couple of milliseconds in any case. Therefore, a transmission cycle of about 10 ms for nCCE is seen as sufficient.  

Overhead of nCCE
The granularity at which the DL L1/L2 control channel defines the number of bits required to signal nCCE. We believe that 3-4 bits are an adequate granularity to manage the DL L1/L2 control channel overhead, where the actual number of bits may depend on the system bandwidth. Assuming that the DL L1/L2 control signaling is confined at most within the first three OFDM symbols, with 3 or 4 bits for nCCE the DL L1/L2 control overhead can be configured with a granularity of about 1 % or 2 % respectively.

It should be noted, that we assume that no additional information on the DL L1/L2 control channel configuration needs to be broadcasted, since the remaining parameters for the detection of control channels – including the number of blind detection attempts – are configured per UE.

Based on the reasoning above we identify the following two candidates for transmitting nCCE:

· Primary BCH:
The primary BCH contains the most basic cell information and will be transmitted every 10 or 20 ms. If the primary BCH is transmitted every 10 ms, the required transmission cycle of the nCCE would be sufficient. Moreover, the content of the primary BCH is transmitted CRC protected and with a code rate such that it can be received reliably at least within the cell coverage area (in this context it should be noted, that a mapping of nCCE on the primary BCH might cause a transmission at a code rate lower than required, since the primary BCH might be designed such it can be received beyond the cell coverage area).
Further, the reception of the paging message, the RACH response and the dynamic BCH (all mapped on DL-SCH) and their associated DL L1/L2 control channels is straight forward, when mapping nCCE on the primary BCH.
Generally, the UEs within a cell need to take care that their monitoring cycle of the primary BCH is sufficiently small to track the update cycle of nCCE. Further, an updated nCCE value should be effective earliest 2 or 3 subframes after its transmission due to the decoding delay of the primary BCH.
Since the design of the primary BCH is not finalized at this stage, it needs to be confirmed if the 3-4 nCCE   bits can be squeezed into the primary BCH payload.

· DL L1/L2 control resource:
An alternative solution to mapping nCCE on the primary BCH is to map it on special control channel elements of the DL L1/L2 control resources, which can be received without knowledge of nCCE. In this case also a transmission cycle of 10 ms is seen as a reasonable value. Depending on the details of such a scheme, the mapping of the paging message, the RACH response and the dynamic BCH may not start before the 4th OFDM symbol. Moreover, due to UE complexity reasons, we prefer an updated nCCE value to be effective earliest at the subframe following the one used for its transmission.
3 Conclusion

Based on the discussion in this contribution, we propose the following for the transmission of the number of DL L1/L2 control channel elements (nCCE):

· Transmission cycle of 10 ms.
· Mapping of nCCE information onto the primary BCH or alternatively on special DL L1/L2 control channel elements.
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