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1. Introduction
Single-carrier based radio access is a major candidate for the evolved UTRA uplink transmission scheme, e.g. [1]. Single-carrier based access has a low peak-to-average power ratio (PAPR) feature, which is very advantageous in supporting wide-area coverage in cellular systems. This contribution presents our views on the physical channel structures and their multiplexing in the Evolved UTRA uplink.
2. Physical Channels in Uplink

We propose two types of physical channels: contention-based and scheduled-based. For the respective types of channel, we propose the following physical channels [2].
· Contention-based channel
· Fast Access Channel

- Control signaling and traffic data with relatively small payload and short delay requirement

· Reservation Channel

- Reservation information of scheduled channels

· Uplink Synchronization Channel (FFS)

· For transmission timing alignment among simultaneous users 

·  Uplink Scheduled Channel

·  Shared Data Channel 

- Traffic Data Channel and Layer 3 control messages

- Power-efficient transmission should be achieved

·  Shared Control Signaling Channel 

- Physical control message and Layer 2 control message (FFS)

- Required high quality transmission, i.e. low block error rate (BLER)

3. Multiplexing of Contention-Based and Scheduled-Based Channels
The contention-based physical channels and scheduled-based channels are multiplexed by TDM only or a hybrid of TDM and FDM as shown in Fig. 1 [2]. CDM is not used to avoid intra-cell interference. Between these two multiplexing methods, the TDM and FDM hybrid scheme is the most promising. Notification regarding the available chunks and TTIs for contention-based channels is sent through the downlink control (broadcasting) channel (semi-static assignment and dynamic assignment can be considered).
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Figure 1 – Multiplexing of contention-based and scheduled-based channels
4. Contention-Based Channel and Its Multiplexing

4.1. Features of proposed contention-based physical channels

· Proposed common features of the uplink contention-based channels [3].
·  Frequency diversity should be utilized over a wide transmission bandwidth to achieve a short transmission delay in principle.

·  Although TDMA is used as the baseline in a manner similar to the current UTRA, collision among contention-based channels of different users is avoided (or mitigated) by the following and as shown in Fig. 2.

- FDMA using different transmission bandwidths, i.e., localized FDMA, and a comb-shaped spectrum, i.e., distributed FDMA.

- CDMA using the processing gain within the same frequency spectrum

- Note that employing the hybrid of FDMA and CDMA is also possible.
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Figure 2 – Multiple access schemes of contention-based physical channels
4.2. Fast Access Channel
· The fast access channel is used to convey traffic data and Layer 3 control messages with a relatively small payload with a strict delay requirement [3].

· Since this channel is transmitted without reservation, fast channel setup is possible with a short delay.

· Features of the proposed fast access channel
· Multiplexing of the fast access channel to other channels is performed by TDM or a hybrid of TDM and FDM as shown in Fig. 3.

· The fast access channel is transmitted at the pre-assigned chunk. The base station (BS) informs the information of the pre-assigned chunk to sets of UE using the downlink broadcast channel.

· The fast access channel uses basically a chunk with the minimum frequency bandwidth.

· However, when the traffic/signaling data size is large, one chunk with a wide transmission bandwidth is used based on a single-carrier approach according to the data rate.

· Power ramping should be avoided to achieve a short delay
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Figure 3 – Multiplexing of fast access channel
4.3. Reservation Channel 
· The reservation channel conveys reservation information pertaining to scheduled channels such as the UE identity, data (traffic) type, data size, QoS information, and UE transmission power [3].
· Features of the proposed reservation channel
· The reservation channel is multiplexed to other channels by TDM or a hybrid of TDM and FDM in a manner similar to the fact access channel.

· The reservation channel is transmitted at the pre-assigned chunk. The BS informs the information of the pre-assigned chunk to sets of UE using the downlink broadcast channel.

· The reservation channel basically uses one chunk with the minimum frequency bandwidth.

· Power ramping should be avoided to achieve a short delay

4.4. Uplink Synchronization Channel

· In single-carrier based radio access, employing an equalizer is essential along with a cyclic prefix for suppressing multipath interference. Therefore, we proposed using the cyclic prefix in [3]. In this case, aligning the received timings of different users within the cyclic prefix duration is necessary.
· Features of the proposed uplink synchronization channel
· The uplink synchronization channel is used to align the received timings of different users within the cyclic prefix duration in the uplink scheduled channel.

· The uplink synchronization channel is transmitted periodically using basically one OFDM symbol within one chunk with a long periodic interval as shown in Fig. 4.

· The necessity of the uplink synchronization channel is FFS (the function of uplink synchronization channel may be provided by the pilot channel).
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Figure 4 – Multiplexing of uplink synchronization channel
5. Pilot Channel

The features of the proposed pilot channel are as follows. Figure 5 illustrates pilot channel structures with two pilot blocks within a sub-frame [4-7].
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Figures 5 – Pilot channel structure
(1) TDM based structure

· The TDM based structure with data symbols is better than a FDM or CDM based structure.

· The TDM pilot achieves a lower PAPR than the FDM and CDM pilots. A low PAPR is a strong requirement in the uplink.

· TDM provides orthogonality to the data channel, i.e., there is no interference from the data channel. This structure provides accurate channel estimation particularly when employing MIMO multiplexing/diversity.

(2) Multiple data blocks per sub-frame

· Accurate channel estimation is necessary from low-to-high moving speeds of up to 350 km/h, though pilot channel parameters are also optimized in typical environments at low mobility.

· As a result, multiple pilot blocks are necessary.

· Our proposed structure is two blocks per sub-frame based on [7].

(3) Two types of pilot blocks
· Common pilot block: Used for CQI measurement and channel estimation.

· User-dependent block: Pilot block is used only for channel estimation, which is adaptively assigned according to the channel conditions of each user.

(4) Adaptive pilot symbol (block) assignment

· We propose adaptive pilot assignment according to the channel conditions of each user, from the pre-determined pilot symbol mapping candidates.

· In the scheme, we keep the same pilot block length, i.e., we change the number of pilot blocks.

(5) The same pilot channel structure between localized and distributed FDMA (comb spectrum) 
· In distributed FDMA, the same block size for the pilot is desirable as data symbols.

· However, this condition brings about increasing pilot or CP overhead loss.

· Thus, in our scheme, we use different data block sizes for the pilot, which are optimized in the localized FDMA.

· We use interpolation in the frequency domain for instance in distributed FDMA.

(6) Pilot symbol overhead

· Pilot symbol overhead of approximately 10% is recommended.

6. Schedule Channel

6.1. Shared Data Channel

· The shared data channel conveys the traffic data and Layer 3 control messages [7].
· Power-efficient transmission should be achieved.
(1) Features of the proposed shared data channel

·  Employs link adaptation (AMC) with modulation schemes such as QPSK, 8PSK, and 16QAM

·  Employs hybrid ARQ with packet combining. Incremental redundancy is the current assumption.

· Employs channel-dependent packet scheduling

· One chunk (or multiple chunks for high data rate provision) is assigned based on the control information in time domain channel-dependent scheduling with fixed FDMA or based on frequency and time domain channel-dependent scheduling.

· When the traffic size of one user is larger than the chunk payload size, one chunk is exclusively employed by the one user. Meanwhile, when there are multiple users with a low data rate, one chunk accommodates multiple users (see Fig. 6). In this case, frequency orthogonality using further narrow FDMA (localized FDMA) or a comb-shaped spectrum (distributed FDMA) is applied within the same chunk to avoid multiuser interference.

· Adaptive TTI length: An adaptive TTI length is beneficial in decreasing the overhead of the shared control channel [8, 2]. When an adaptive TTI is applied, the unit in the time domain in channel-dependent scheduling is each TTI duration.
· Frequency/time hopping within the same chunk is beneficial in randomize strong interference from surrounding cells.
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Figure 6 – Multiplexing of multiple users with low data rate
(2) Channel-dependent scheduling for uplink shared data channel

We consider two types of channel-dependent scheduling: time domain channel-dependent scheduling using only fixed localized FDMA, and frequency and time domain channel-dependent scheduling [2]. Between the two candidates, one option should be selected. In the contribution, a chunk is defined as the minimum frequency unit for CQI measurement as shown in Fig. 7.
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Figure 7 – Chunk defined as minimum frequency unit for CQI measurement
· Method 1: Time domain channel-dependent scheduling using pre-assigned frequency bandwidth

Figure 8 shows the scheme for the time domain channel-dependent scheduling using a pre-assigned frequency bandwidth

· We do not have to transmit pilot channels of other chunks in advance for CQI measurement at a BS because each user uses only the pre-assigned chunk. This is a significant merit of this method, i.e., the overhead of the pilot channel for CQI measurement is much reduced compared to Method 2.

· Optimum chunk bandwidth: 1.25 to 10 MHz and currently a 5 to10-MHz-chunk bandwidth is recommended [9]. This is because a wide chunk bandwidth is desirable to obtain a large frequency diversity effect within the chunk.

· A single-carrier variable bandwidth for each user according to the data rate is employed.

· Localized FDMA in the same chunk is used to accommodate multiple low-data-rate users. Another candidate is to use distributed FDMA (comb-shape). However, localized FDMA is mainly used for the shared data channel.
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Figure 8 – Scheme of time domain channel-dependent scheduling using pre-assigned frequency bandwidth (fixed FDMA)
· Method 2: Frequency-time-domain channel dependent scheduling

Figure 9 shows the scheme for frequency and time domain channel-dependent scheduling

· Pilot channels must be transmitted from all sets of UE over all chunks (over the entire channel bandwidth) in advance for CQI measurement at a BS. This brings about large pilot channel overhead for CQI measurements.

· Chunk grouping or other methods are necessary to reduce pilot overhead.

· Optimum chunk bandwidth: 0.3125 to 1.25 MHz (FFS). This is because a small chunk bandwidth is desirable to obtain sufficient multiuser diversity through channel-dependent scheduling in the frequency domain.

· A single-carrier variable bandwidth for each user according to the data rate is employed.

· Localized FDMA in the same chunk is used to accommodate multiple low-data-rate users.
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Figure 9 – Scheme of frequency and time domain channel-dependent scheduling
Current recommendation:

Our current recommendation is the time domain channel-dependent scheduling using the pre-assigned frequency bandwidth with a 5 to10-MHz-chunk bandwidth from the viewpoint of the achievable throughput [9] in addition to a smaller signaling overhead including the pilot channel for CQI measurements. The reasons why the time domain channel-dependent scheduling using the pre-assigned frequency bandwidth can achieve better throughput than frequency-time domain channel dependent scheduling are summarized below.

· Due to due to the restriction of single-carrier signal assignment, i.e., continuous chunk assignment is required), frequency-time domain channel dependent scheduling with a small chunk bandwidth does not work sufficiently as it does in the downlink.

· More frequent change in the assigned UE occurs in frequency-time domain channel dependent scheduling with a small chunk bandwidth compared to time domain channel-dependent scheduling using the pre-assigned frequency bandwidth. This frequent change in the assigned UE causes frequent variation in the other cell interference, and due to this interference variation, the AMC tracking performance is degraded in frequency-time domain channel dependent scheduling.

· Due to the restriction of single-carrier signal assignment, we cannot change the modulation and coding rate within the assigned multiple chunks (different from OFDM).
 (3) Application of Frequency/Time hopping [2]
· Frequency/time hopping with processing gain = 1 (no redundancy), which corresponds to symbol interleaving among users within a chunk, can achieve interference randomization when FDM and/or TDM are used.

· Randomization is effective even in a full-load case. This is because different path-losses among users results in variation in the inter-cell interference power in the frequency and time domain when FDM and TDM are used.

· Our views on Frequency/Time Hopping
· Use only spreading and channel coding to achieve a processing gain. Hopping is not used to achieve a processing gain.

· Frequency/Time hopping with a processing gain of one is beneficial in randomizing inter-cell interference especially in the uplink.

· We basically prioritize the multiuser diversity effect for the shared data channel. Therefore, frequency/time hopping is performed within the assigned chunk as shown in Fig. 10.

· To clarify the effect of hopping, further study is needed.
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Figure 10 – Uplink transmission with hopping within chunk
6.2. Shared Control Channel

(1) Control signaling message in physical layer and Layer 2

· The shared control signaling channel conveys physical control messages and Layer 2 control messages.

· However, some signaling messages may be conveyed by user data such as Layer 3 signaling bits (FFS).

· Views on signaling messages conveyed by shared control channel

· Physical and Layer 2 control signals for the uplink shared data channel

· Transmitted when the uplink shared data channel is transmitted.
· Control signaling for scheduling, demodulation, and Hybrid ARQ with packet combining for uplink (Detailed information is FFS).

(1) Control signaling for scheduling

· UE identity: Identification of the allocated UE.
(2) Control signaling for demodulation
· Chunk assignment information: Location of the assigned chunk (FFS).
· Modulation scheme information:  Data modulation scheme for each chunk (or TTI)
· Transport-block size information: Number of information bits for each chunk (or TTI).
· (Coding rate is derived from the data modulation, the number of allocated chunks, and the transport block size).
(3) Control signaling for hybrid ARQ
· Hybrid ARQ process information: Process number for Hybrid ARQ packet combining

· Redundancy version: Puncturing pattern for incremental redundancy
· New data indicator: Indicator of new data or retransmission packet to avoid packet combining of different packets
· Layer 2 control signals for downlink shared data channel

· Transmitted when downlink shared data channel is transmitted.

· ACK/NACK bit for hybrid ARQ in downlink

· Layer 2 control signals for downlink scheduling

· CQI for downlink scheduling

· Transmitted periodically or at the timing when channel quality is changed.

In our view, the following signaling messages are conveyed by shared control channel, shared data channel, or fast access channel (FFS)

· Layer 2 control signals for uplink scheduling

· Transmitted to notify the BS of the UE buffer and/or transmission power status

· Transmitted periodically or at the timing when status is changed

· Data size and UE transmission power

Table. 1 – Physical Control and Layer 2 Control Message
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(2) Features of the proposed shared control channel

· Channel-dependent scheduling is not used, but the BS assigns a specific chunk and TTI to each sets of UE to avoid collision among shared control signaling channels.

· Accurate transmission power control is applied to guarantee a high-quality packet error rate.

· Employ frequency diversity: Frequency diversity over a wide transmission bandwidth is utilized.

· Mapping at every TTI: The shared control signaling channel is mapped at every TTI. Even when a long TTI is used corresponding to multiple basic short TTI lengths, it is transmitted at every long TTI.

(3) Proposed multiplexing scheme of the shared control channel to other channels

· Symbol-level TDM multiplexing with shared data channel

· In our proposed structure, the shared control channel is multiplexed to the shared data channel and pilot channel by symbol-level TDM within the pre-assigned chunk to avoid increasing the PAPR as shown in Fig. 11. If the shared control channel is multiplexed into the shared data channel by FDM (multicarrier) or CDM (multicode), the PAPR is increased. Then, our proposal is based on the consideration to maintain the advantage derived from the low PAPR feature of single-carrier based radio access. Figure 12 shows the proposed transmission principle of TDM-based multiplexing of different physical channels. As shown in the figure, the low PAPR property can be maintained by implementing one FFT that takes advantage of the TDM-based feature.
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Figure 11 – Proposed multiplexing scheme of shared control channel to shared data channel and pilot channel
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Figure 12 – Transmission principle of TDM-based multiplexing 

·  Pilot Channel

· Pilot symbols are commonly used for the shared data channel and shared control channel.

· A common block pilot is used for the CQI measurement and channel estimation.

· A supplement block pilot is assigned according to the channel conditions of each user that transmit the shared data channel.

· The supplement block pilot is used for channel estimation of the shared data channel in addition to the common block pilot.

· Multiplexing of simultaneous shared control channels

· Simultaneous shared control channels are multiplexed within the same symbols by CDMA and/or Distributed FDMA to obtain the frequency diversity effect as shown in Fig. 13. In the distributed FDMA case, the received signals of simultaneous shared control channels are orthogonal in the frequency domain.
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(a) Configuration 1
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(b) Configuration 2
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(c) Configuration 3

Figure 13 – Configuration of shared control channels multiplexed within the same symbols

· In Configuration 1, User A uses a two-chunk bandwidth for the shared data channel assuming a high data-rate user. User A also uses a two-chunk bandwidth for the shared control channel. In Configuration 2, User A uses a one-chunk bandwidth for the shared control channel although he uses a two-chunk bandwidth for the shared data channel. The difference between Configurations 1 and 3 is the transmission power of the shared control channel for User A (the transmission power of shared control channel for User A is two times greater or identical to that of the other users in Configurations 1 and 3, respectively).

· Precise multiplexing schemes are FFS.

7. Conclusion

This contribution presented our views on the physical channel structures and their multiplexing in the Evolved UTRA uplink assuming single-carrier based radio access. Finally, we propose that the following text proposal in Sec. 9 should be included in RAN1 TR 25.814 “Physical Layer Aspects for Evolved UTRA”.
8. Text Proposal (Section 9.1.1.2 in TR 25.814)
---------------------------------  Start of Text Proposal  -----------------------------------------------------

9.1.1.2 Multiplexing including pilot structure

In SC-FDMA radio access, in order to maintain the advantage derived from the low PAPR features associated with single-carrier based radio access, the physical channels, such as the pilot channel, shared control channel, and shared data channel, should be multiplexed within a sub-frame at the pre-assigned chunk based on the symbol-level TDM as shown in Fig. 1. Furthermore, Fig. 2 indicates the transmission principle of TDM-based multiplexing of different physical channels. As shown in the figure, the low PAPR property can be maintained by implementing one FFT that takes advantage of the TDM-based feature.
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Figure 1 – Multiplexing scheme of different physical channels
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Figure 2 – Transmission principle of TDM-based multiplexing 

--------------------------------- End of Text Proposal  -----------------------------------------------------
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