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1. Introduction
This contribution considers the multiplexing of the DL L1/L2 control channel codewords for DL and UL scheduling grants based on the current decided aspects of:

a) separate codewords for DL grants and UL grants,

b) multiple MCS regions,

c) L1/L2 control channel allowed to terminate at a fraction of an OFDM symbol and shared data transmission continues in the remaining of that OFDM symbol, and

d) L1/L2 control channel transmitted in the beginning of the DL sub-frame 
The L1/L2 control channel multiplexing was also considered in [1].

2. Multiplexing of L1/L2 Control Channels
A first desirable property for the transmission of each L1/L2 control channel codeword is that it should exploit as much as possible the entire available bandwidth (BW) in order to maximize frequency diversity which has been repeatedly shown to be particularly important to achieve the low target BLER (e.g. 1%)  for the L1/L2 control channel.

A second desirable property is that the L1/L2 control channel transmission should allow for seamless (without additional signaling) utilization of the unoccupied spectrum in the OFDM symbol where it terminates for the shared data channel transmission.
Before considering L1/L2 control multiplexing to achieve the above goals, the relative multiplexing between DL and UL grants is first considered. Three possibilities exist: multiplexing DL and UL grants together, transmitting UL grants prior to DL grants, and transmitting DL grants prior to UL grants. Multiplexing DL and UL grants together effectively increases the total size and may allow for increased frequency diversity. However, because of the RB size of 12 sub-carriers and the fact that the smallest codeword (an UL grant) has 30-40 raw information bits, the frequency diversity of the channel can be effectively captured even for a single UL grant transmission and large operating BWs. 

Because the reception of the data associated with DL grants requires the entire sub-frame, there is no significant benefit in minimizing the reception latency for DL grants, especially since micro-sleep is an optional functionality. However, for UL grants, the UE transmission can only begin after their reception. Considering in addition the time required for the UE to generate a packet for UL transmission, the overall latency should be minimized as the UL grant is based on a previous CQI estimation at the Node B. The longer the time period between this CQI estimation and the transmission instance for the corresponding UL packet, the larger the change in the channel conditions and the more inappropriate the scheduling decision of the Node B for the UL grants becomes. Therefore, among the three possible ordering choices, transmitting UL grants first is most useful, followed by joint multiplexing of DL and UL grants, while transmitting DL grants first is least useful.   

Figure 1 illustrates UL grants and DL grants transmission with the UL grants transmitted first (the transmissions of Cat0, if in every sub-frame, RS, and other possible control signals such as ACK/NAK are not shown). If the transmission of UL grants completes at a fraction of an OFDM symbol, the remaining RBs can be allocated to DL grants or implicitly assigned to data if Cat0 specifies the size of the UL grants and DL grants. 

[image: image1]
Figure 1: Transmission of UL grants precedes transmission of DL grants in time.
The L1/L2 control channel transmission is assumed to occur over resource blocks (RBs) to simplify allocation of unused RBs to data (e.g. have the same RB use as for the remaining OFDM symbols and avoid any puncturing of data in certain sub-carriers). Each RB carrying the L1/L2 control channel may contain sub-carriers corresponding to different UL grants or DL grants. To ensure frequency diversity, the RBs are not consecutive and are selected so that they have maximum separation. 
For simplicity, it is considered that the UL grants are transmitted first (the same mapping principles apply if the DL and UL grants are mixed or is the DL grants are transmitted first). Assuming that the total number of RBs per OFDM symbol is S and that the UL grants require an integer number of OFDM symbols and a fractional number of OFDM symbols for their transmission, the transmission first fills the integer number of OFDM symbols and for the fraction of the OFDM symbol the RBs are selected so that they maximize frequency diversity. For that purpose, if T < S RBs are required for the fractional OFDM symbol transmission, the T RBs are equally spaced in the system BW. For example, if S=25 and T=2, the 2 RBs used are {RB1, RB25}. If T=3, the 3 RBs used are {RB1, RB12, RB25} or {RB1, RB13, RB25}. If T=4, the 4 RBs used are {RB1, RB8, RB16, RB25} or {RB1, RB8, RB17, RB25} or {RB1, RB9, RB17, RB25}, and so on. Each UE knows the control channel occupancy through the transmission of the Cat0 field.
Puncturing or repetition can be used to fit the total signaling bits for UL grants or DL grants into an integer number of RBs, or simply some sub-carriers of an RB can be left unoccupied. With either option each UE knows in advance how to utilize RBs in an OFDM symbol not assigned to UL grants.
As the number of sub-carriers depends on the MCS used for the DL grant or UL grant transmission, the L1/L2 control channel size depends on the number of MCS, the number of codewords per MCS, and the signaling bits required for the transmission of DL grants and UL grants for each MCS. Then, considering the UL grants for reference, if Q MCS exist and Cat0 [2] specifies M1 codewords with MCS1, M2 codewords with MCS2 and MQ codewords with MCS Q, and the number of signaling bits per codeword for MCS1 is N1, for MCS2 is N2 and for MCS Q is NQ, the total size of the L1/L2 control channel for UL grants is M1N1 + M2N2 + … + MQNQ. Assuming that the MCS are ordered in ascending spectral efficiency, codewords transmitted with a lower MCS require more sub-carriers. Then, the first (M1+M2+…+MQ) x NQ sub-carriers carry NQ sub-carriers for each codeword of the Q MCS and the codewords with MCS Q terminate after these sub-carriers are transmitted. Subsequently, the next (M1+M2+…+MQ-1) x (NQ-1 - NQ) sub-carriers similarly carry (NQ-1 - NQ) sub-carriers for each codeword of the (Q-1) remaining MCS and, together with the first (M1+M2+…+MQ) x NQ sub-carriers, result in the termination of MCS Q-1. The sub-carrier allocation process continues in the same manner until the last MCS (MCS1) is allocated. 

The order for assigning physical RBs was previously described. The order of sub-carriers in each RB is based on the order of the MCS. For example, the first M1 sub-carriers correspond to the codewords with MCS1, and the last MQ sub-carriers correspond to the codewords with MCS Q. The location of other signals, such as RS or other control signals, that also exist in the OFDM symbols carrying the L1/L2 control channel is known in advance to all UEs and the corresponding sub-carriers can be treated accordingly in a simple manner (simply by not including them in the described sub-carrier allocation for the L1/L2 control channel). 

3. Conclusions
This contribution described a L1/L2 control channel multiplexing and mapping method consisting of the following aspects: 

a) UL grants are preferably transmitted first or UL and DL grants are jointly multiplexed. The RBs remaining after the termination of the L1/L2 control channel are seamlessly used (through Cat0) for data transmission.

b) The transmission of UL and DL grants in the frequency domain is in RBs. The RB assignment for the transmission of the UL and DL scheduling assignments is performed so that it maximizes the frequency separation of the assigned RBs.

c) The sub-carriers carrying the L1/L2 control codewords are multiplexed in the assigned RBs. The first M1 sub-carriers correspond to the M1 codewords of a first MCS (one sub-carrier per codeword), followed by M2 sub-carriers corresponding to the M2 codewords of a second MCS and so on, until the codewords for the most spectrally efficient MCS are fully transmitted. Then, the process continues in the same manner for the remaining MCS while accounting for already transmitted codeword elements.
d) Cat0 transmission in every sub-frame results to transparent mapping for the L1/L2 control channel and to the simplest UE decoding functionality.
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Unoccupied RBs in OFDM symbol for UL grants are assigned to DL grants
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