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1. Introduction
In Evolved UTRA (E-UTRA hereafter), which supports only packet based access, channel-dependent scheduling, link adaptation and hybrid ARQ (HARQ) are essential techniques. Thus, the efficient multiplexing and high-quality reception of the L1/L2 control signaling bits are very important. At the RAN1 #47 meeting, the TDM-based multiplexing of L1/L2 control signaling bits with shared data channel was agreed for enabling quick decoding and the possible power saving by intermittent reception [1]. Meanwhile, we have proposed CDM based multiplexing of multiple L1/L2 control signaling bits among different UEs to whom downlink grants are to be transmitted [2]. Therefore, following the agreed issues about L1/L2 control signaling bits, this contribution presents views on category 0 information for CDM based multiplexing among L1/L2 control signaling bits assuming TDM based multiplexing with the shared data channel in E-UTRA downlink. 
2. TDM-based L1/L2 Control Signaling Multiplexing

TDM based multiplexing of L1/L2 control signaling bits in the downlink were agreed at RAN1 #47 meeting together with the following associated issues [1]. 
· L1/L2 control signaling bits are multiplexed over 3 OFDM symbol duration at largest from the beginning
· Transport format, i.e., the number of symbols used for L1/L2 control signaling are adapted according to Geometry, i.e., distance form the cell site

In addition to the issues on downlink L1/L2 control signaling multiplexing, we assume the followings in the contribution.
· Application of fast transmission power control (TPC): we assume the application of fast TPC to the L1/L2 control signaling bits to alleviate the influence of channel variation due to distance-dependent path loss, shadowing, and instantaneous fading variation [3], [4].
· Application of a few MCS at most: in addition to TPC, the application of multiple MCS, but a few at most, may be beneficial to compensating for the variation of the received level for  L1/L2 control signaling bits suffering from channel variation with wide range. We prefer the one modulation scheme, i.e., only QPSK for L1/L2 control signaling bits, to reduce category 0 information or to avoid complicated blind detection at UE. Thus, a few MCSs should be created by repetition coding and multiple channel coding rates. However, the gain to use multiple channel coding rates is FFS.
· Separate channel coding among UEs: To enable UE-dependent TPC, separate channel coding is necessary. Therefore, separate channel coding among simultaneous UEs for L1/2 control signalling bits was agreed [1].
· Separate channel coding between downlink- and uplink-related L1/L2 control signaling: there are UEs who would transmit only downlink or uplink shared data channel. Thus, the separate channel coding between downlink- or uplink-related L1/L2 control signaling bits is desirable.
· CDM based multiplexing of multiple L1/L2 control signaling bits among different UEs: Our proposal is CDM based multiplexing of multiple L1/L2 control signaling bits for different UEs. This is because CDM based multiplexing is more advantageous than FDM in that fluctuation of transmission power, i.e., interference to surrounding cells of transmission-power-controlled L1/L2 control signaling bits is reduced by averaging among different UEs. In the case, spreading factor is not large, e.g., eight at largest. The block interleaving after spread symbols are used in the frequency domain to achieve frequency diversity gain as shown in Fig. 1. Thus, the influence of inter-code interference is small. Or the influence of inter-code interference is suppressed by rotational-CDM [5]. As shown in Fig. 1, the proposed CDM based multiplexing can achieve low fluctuation of interference to surrounding cells and achieve high frequency diversity gain, keeping the inter-code interference to be slight level.
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Figure 1. CDM base multiplexing of L1/L2 control signaling bits among different UEs using block interleaving.
3. Category 0 Information Bits
3.1. Control Signaling to Carry Category 0 Information Bits
In the TDM based multiplexing structure, the multiple transport formats, i.e., the multiples numbers of L1/L2 control signaling bits (symbols) accommodated within one TTI duration are necessary to achieve the required reception quality even at the cell edge area. Therefore, category 0 information is necessary to inform all UEs within a cell of transport format of L1/L2 control signaling bits. There are two options to carry category 0 information as indicated below. 

(1) L1/L2 control signaling 

Using the L1/L2 control signaling, fast update for transport format of L1/L2 control signaling bits is possible

(2) L3 information (as user data by shared data channel)

When category 0 information is carried as L3 signaling, slow update of transport format of L1/L2 control signaling bits

Since the assignments of UEs by Node B scheduler are updated every TTI. Then, the path loss between the assigned UE and Node B is changed ever TTI. Therefore, we prefer to carry category 0 information as L1/L2 control signaling to track the fast update of UE assignment every TTI. 
3.2. Category 0 information bits
In the section, we investigate the category 0 information bits.
(1) Number of L1/L2 control signaling bits within one TTI duration
As we mentioned above, the transport format, i.e., the number of L1/L2 control signaling bits (symbols) accommodated in each TTI is reported as category 0 information. We think that the a few transport formats are sufficient to support cell edge. Thus, we consider 1-2 bits are necessary as the number of L1/L2 control signaling bits at each TTI
(2) MCS

We prefer only QPSK modulation for downlink L1/L2 control signabling bits. Furthermore, main method to support low SINR condition at the cell edge is repetition coding. This is because when repetition coding is used, the additional MCS information is unnecessary and blind detection at a UE becomes simple. However, channel coding can provide additional coding gain compared to repetition coding. Thus, the necessity of multiple channel coding rates is FFS. In the case of use of multiple coding rates, we should avoid additional category 0 information bits. Thus, the channel coding rate information should be carried by L3 information or should be detected by blind detection at a UE. 
(3) Number of maximum UEs in downlink and uplink
The report of maximum number of UEs multiplexed in the TTI is necessary, for a UE to search own L1/L2 control signaling bits by blind detection. In the case, total maximum number of multiplexed UEs or respective maximum numbers of multiplexed UEs in downlink and uplink are informed to UEs. To avoid increase of category 0 information bits, the information on the maximum numbers of multiplexed UEs are to be carried as L3 control signaling. 
(4) Spreading factor
Our proposal is CDM based multiplexing of multiple L1/L2 control signaling bits for different UEs  In the case, spreading factor is not large, e.g., eight at largest. However, the variable spreading factor is desirable according to the maximum number of multiplexed UEs. We propose the followings to achieve variable spreading factor update. 

· We propose to carry the spreading factor information as L3 control siganling, since the frequent update of spreading factor is unnecessary. Thus, between the update of spreading factor by L3 control signaling, the constant value is used over the multiple TTIs
· The relation between the spreading factor value and the transport format, i.e., the number of L1/L2 control signaling symbols in a TTI is pre-decided. Thus, a UE can perform dispreading operation and decode L1/L2 control signaling bits with spreading without any knowledge except transport formats.
As a result, no additional category 0 information is necessary by using the proposed methods when CDM based multiplexing among different UEs is employed. 
(5) MCS group indicator
Two contributions [6][7]concerning category 0 information was presented at the RAN1#47bis meeting in Sorrento. Reference [6] by NTT-DoCoMo et al proposes to identify all the MCS information by blind detection, while as paper [7] by TI proposes to transmit the MCS of each UE as category 0 information every TTI. The benefit of the former approach is the small overhead while the demerit is possible delay due to computational cost at the UE side because of the need to demodulate all the MCS patterns, especially when the number of  MCS patterns are large. The demerit of the latter approach is the large overhead and hence the decreasing of number of supportable UE.

When multiple MCS patterns are to be implemented, as a compromise to the above two approaches, we introduce the concept of MCS group indicator, where, multiple of different MCSs can be categorized into MCS groups and then transmit per TTI the MCS group indicator as category 0 information within the overhead, and the UE only need to blind detect within the small MCS group. Figure 2 shows as an example the relation of the MCS group and the MCS group indicator, in this figure, 4 MCS groups have been categorized. Of course the number of groups and the way to categorized can be changed accordingly based on the practical cases. 

[image: image2]
Figures 3 and 4 illustrates the diagram of using MCS group indicator the E-Node B side and UE side respectively.
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(6) Resource Block indicator

As to the resource block for the every UE, reference [6] proposes to identify all the MCS information by blind detection, while other approach is to transmit the Resource block of each UE as category 0 information every TTI. The benefit of the former approach is the small overhead while the demerit is possible delay due to computational cost at the UE side because of the need to demodulate all the MCS patterns, especially when the number of  MCS patterns are large. The demerit of the latter approach is the large overhead and hence the decreasing of number of supportable UE.

As a compromise to the above two approaches, similar to the above section, we introduce the concept of resource block indicator (RBI) for each UE. And the RBI can be transmit either per TTI as category 0 information within the overhead or by L3 as L3 information. 

4. Conclusion
We conclude followings for category 0 information bits when CDM based multiplexing of L1/L2 control signaling bits is used among different UEs (note that TDM based multiplexing between L1.L2 control signaling bits and shared data channel as was agreed). 
· Category 0 information is only for transport format, i.e., the number, of L1/L2 control signaling bits in each TTI duration. The required bits are 1-2.

· No additional category 0 information is necessary by using the proposed methods when CDM based multiplexing among different UEs is employed.

· In case MCS information is also to be transmitted per TTI duration and the number of MS are large, MCS group indicator is introduced toe avoid long and large control channel overhead and to alleviate the burden of blind detection.

· Resource block indicator can be introduced to alleviate the burden of blind detection.
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Figure. 2, An example of  MCS Group Indicator








Figure. 4,  an example of application MCS group indicator  at the UE side





Figure. 3,  an example of application MCS group indicator  at the E-Node B side
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