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1. Introduction

L1/L2 control signaling is essential to channel-dependent scheduling, link adaptation, and hybrid ARQ, etc. In the E-UTRA uplink, efficient and high-quality transmission of L1/L2 control signaling must be established while maintaining a low-PAPR feature of a single-carrier transmission in order to achieve a wide coverage area. 
Regarding the multiplexing method of the L1/L2 control signaling in the uplink, we strongly prefer to use single-carrier-based multiplexing between the L1/L2 control channel and the shared data channel for the same user in order to achieve a wide coverage area [1]. For the multiplexing method of data-non-associated L1/L2 control signaling such as CQI and ACK/NACK for the UE without data transmission to a shared data channel, there are several options [2].
This paper presents our views on the multiplexing method for the uplink data-non-associated L1/L2 control channel considering the property of the each signaling bit.

2. L1/L2 Control Information for Uplink

From TR25.814 [2], the signaling messages conveyed by the L1/L2 control channel and its characteristics are as follows:

· Data-associated signaling, which is transmitted with uplink data transmission (if necessary)
· Transport format of an uplink data channel

· Hybrid ARQ related information of an uplink data channel, e.g., new data indicator

· Data-non-associated signaling

· ACK/NACK for downlink data transmissions
· Transmitted only from UEs to which downlink transmission was allocated in the downlink

· Strict requirement on transmission timing. ACK/NACK should be able to be transmitted every sub-frame.

· CQI for the purpose of downlink scheduling and link adaptation

· Transmitted from all UEs that have data to be transmitted in the downlink

· A less strict requirement on transmission timing

· Scheduling request for uplink data transmissions (FFS)

· For example, UE buffer and/or transmission power status

· Transmitted from all UEs that have data to be transmitted in the uplink

In this paper, we focus on the multiplexing method of the ACK/NACK and CQI for the UE without uplink shared data transmission. Note that in [3], we present our views on the scheduling request transmission method.
3. Basic Multiplexing Method for ACK/NACK and CQI for UE Without Uplink Data
In [2], two multiplexing methods of the ACK/NACK and CQI (data-non-associated L1/L2 control channel) for the UE without the uplink shared data channel are presented.
· Option 1: Time-multiplexing with a shared data channel within a sub-frame

· Option 2: Use of exclusively assigned time-frequency region
Figure 1 shows the multiplexing scheme of the ACK/NACK and CQI based on time-multiplexing with a shared data channel within a sub-frame. The ACK/NACKs and/or CQIs from multiple UEs can be multiplexed in the frequency or/and code domains associated with multiple pilot channels.
Figure 2 shows the multiplexing scheme of the ACK/NACK and CQI exclusively using a semi-statically assigned time-frequency region. The ACK/NACKs and/or CQIs of different UEs are multiplexed using the frequency/time/code domain or a hybrid of them within the assigned time-frequency region.
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Figure 1 – Time-multiplexing of ACK/NACK and/or CQI with shared data channel within sub-frame (Option 1)
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Figure 2 – Use of exclusively assigned time-frequency region for ACK/NACK and/or CQI transmission (Option 2)
The merits and demerits of the two options are summarized as follows.

· Option 1: Time-multiplexing with shared data channel within a sub-frame
· Merits: Short delay since ACK/NACK and CQI can be transmitted every sub-frame
· Demerits: Decreased coverage since a very short time (e.g., one short block (SB)) is allocated to the ACK/NACK and CQI transmission to minimize the signaling overhead. This time duration is common to all UEs and cannot be extended particularly for the UE under poor channel conditions.
· Option 2: Use exclusively assigned time-frequency region
· Merits: Wide coverage since the whole sub-frame duration is used for ACK/NACK and CQI transmission
· Demerits: Increased delay and transmission interval since assigning an exclusive time-frequency region for the ACK/NACK and CQI to every sub-frame will severely degrade the signaling overhead in the uplink
4. Proposed Multiplexing Method for ACK/NACK and CQI for the UE without Uplink Data
From the discussion in Sec. 3, we believe that Option 1 is not desirable to achieve sufficiently large coverage taking into account the simulation results in [1]. In Option 2, when we prepare the exclusively assigned time-frequency region every sub-frame for the strict delay requirement for the ACK/NACK and the bandwidth of the exclusively assigned time-frequency region is sufficiently wide to achieve frequency diversity, the overhead of uplink radio resource (time-frequency resource) for the L1/L2 control signaling becomes very large.
Therefore, we propose the ACK/NACK and CQI multiplexing method using separated multiple narrowband exclusive time-frequency regions with frequency hopping. The proposed multiplexing method is illustrated in Fig. 3.
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Figure 3 – ACK/NACK and CQI multiplexing method using separated multiple narrowband exclusive time-frequency regions with frequency hopping (in this example, two time-frequency regions is prepared for each sub-frame)

The feature of proposed multiplexing method is as follows.

· Multiple narrowband time-frequency regions exclusively used for the ACK/NACK and CQI transmission are prepared for each sub-frame. The minimum bandwidth of time-frequency regions can be 1 RB size or narrower.
· Between the separated multiple time-frequency regions, frequency hopping is used to achieve frequency diversity.
· The ACK/NACKs and CQIs of different UEs are multiplexed using the frequency/time/code domain or a hybrid of them within the assigned time-frequency region.
· The number of time-frequency regions for ACK/NACK and CQI transmission and the bandwidth of that at each sub-frame can be re-configurable according to the number of ACK/NACK and CQI signals.
By using the narrowband exclusive time-frequency regions for ACK/NACK and CQI transmission, the overhead of the time-frequency resources for the ACK/NACK and CQI is reduced. Moreover, by performing the frequency hopping between the separated multiple time-frequency regions, frequency diversity is efficiently derived.
Figures 4(a) and 4(b) show examples of the frequency hopping method using the proposed multiplexing method. Figures 4(a) and (b) indicate inter-sub-frame and intra-sub-frame frequency hopping, respectively. These examples assume two separated narrowband exclusive time-frequency regions for ACK/NACK and CQI transmission. Assuming the TTI length of 1 msec (2 sub-frames), When inter-sub-frame frequency hopping is used as shown in Fig. 4(a), the UEs that transmit ACK/NACK and/or CQI in the same sub-frame are grouped-wised into two groups. Then, one of the two frequency hopping patterns is assigned to each group. The ACK/NACKs and CQIs of different UEs in the same group are multiplexed using the code/frequency domain or a hybrid of them within the assigned frequency hopped time-frequency region. We would like to note that in [XXX], we propose the orthogonal CDM-based multiplexing of ACK/NACKs and CQIs in the same group. Meanwhile, when intra-sub-frame frequency hopping is used as shown in Fig. 4(b), more than 2 groups can be constructed if the number of narrowband exclusive time-frequency regions is more than 2. However, the channel estimation accuracy will be degraded compared to inter-sub-frame frequency hopping. The selection of frequency hopping method is FFS.
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(a) Inter-sub-frame frequency hopping
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(b) Intra-sub-frame frequency hopping

Figure 4 – Frequency hopping in the proposed multiplexing method of ACK/NACK and CQI

Finally, we would like to emphasize again that the above mentioned multiplexing method is applied for the UE without uplink shared data channel. When the UE has both uplink shared data channel and ACK/NACK and/or CQI, ACK/NACK and/or CQI is transmitted with shared data channel using single-carrier based multiplexing using assigned RBs to maintain a low-PAPR feature of single-carrier transmission.
5. Conclusion
In this paper, we proposed the ACK/NACK and CQI transmission method for the UEs without uplink data channel. In the proposed method, multiple narrowband time-frequency regions, which are exclusively used for ACK/NACK and CQI transmission, are multiplexed with other physical channels using FDMA within the same sub-frame. Moreover, frequency hopping is used among separated multiple time-frequency regions. The proposed multiplexing method can reduce the overhead of time-frequency resources for the ACK/NACK and CQI transmission and can achieve a frequency diversity gain effectively by frequency hopping.
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