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1. Introduction

At the RAN1#40bis (Beijing) and RAN1#41 (Athens) meetings, most companies proposed OFDM based radio access in the downlink. It is anticipated that OFDM-based radio access will be the most promising candidate in the downlink. This contribution proposes physical channels and their multiplexing using OFDM-based radio access in the Evolved UTRA downlink.
2. Physical Channels in Downlink

We propose the following physical channels in the downlink [1].

· Pilot channels

- Common pilot channel: For sectored-beam transmission, i.e., fixed-beam pattern, including MIMO transmission

- Dedicated pilot channel: Used as user-dependent additional pilot channel with sectored-beam transmission and for adaptive antenna array beam-forming transmission in the downlink 

· Common control channel 

- Broadcast and paging information etc.

· Shared control signaling channel 
- Physical control message and Layer 2 control message (FFS) 
- Use channel quality information (CQI)-based transmission power control

· Shared data channel

- Traffic data and Layer 3 control messages
· Multicast/Broadcast (MBMS) channel
- Simultaneous transmission of multicast/broadcast traffic/control data from multiple cell sites
· Downlink synchronization channel

- For cell search 

3. Pilot Channel

We define the common and dedicated pilot channels. 

3.1. Common Pilot Channel

The common pilot channel is transmitted using a sectored beam or multi-beam with fixed antenna weights, i.e., fixed beam pattern, using multiple antennas. 
The proposed functions for the common pilot channel are as follows.

· Sector identification within the same cell 
(Note that we propose the same cell-specific scrambling code usage among sectors within the same cell [2].)

· Measurement of the reference level of each cell for cell search and handover

· CQI measurement for link adaptation and channel-dependent scheduling for all transmission beams.
· Channel estimation of physical channels, which are transmitted using a sectored beam or multi-beam transmission
3.2. Dedicated Pilot Channel

The dedicated pilot channel is transmitted using a sectored beam or multi-beam with fixed antenna weights, i.e., fixed beam pattern, or adaptive beam forming using multiple antennas. The dedicated pilot channel is used in the following two scenarios given below.

- Dynamic assignment in sectored or multi-beam transmission according to user-dependent or environment-dependent channel conditions [3, 4].
- Semi-static assignment in user-dependent adaptive beam forming and for the MBMS channel.

The proposed functions for the dedicated pilot channel are as follows.

· Supplementary channel estimation for the physical channels, which are transmitted using a sectored beam or multi-beam transmission (basically the common pilot channel is used) [3, 4].
· Channel estimation for the physical channel, which is transmitted using adaptive beam forming

· Supplementary CQI measurement for the physical channel, which is transmitted using adaptive beam forming

3.3. Multiplexing of Pilot Channel

Figure 1 shows the proposed multiplexing of common and dedicated pilot channels.
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Figure 1 – Proposed multiplexing of common and dedicated pilot channels

4. Common Control Channel

The common control channel conveys broadcast, paging information, etc. 
The features of the proposed common control channel structure are as follows.

· We proposed in [5] that system information and cell-unique information in the broadcast and paging channel are transmitted only from the central part of the entire transmission bandwidth of each cell using the minimum bandwidth, to support scalable multiple channel bandwidths.

· Employs frequency diversity: We take advantage of frequency diversity over a wide transmission bandwidth.
· Time diversity is applicable (FFS)

· We do not use channel-dependent scheduling, link adaptation, or hybrid ARQ in principle for the channel. 

· TDM based mapping: We use TDM based multiplexing to other physical channels. In general, the signaling message size of the broadcast and paging information is smaller compared to the traffic volume in the shared data channel. Furthermore, the broadcast channel must be multiplexed into a known timing and sub-carriers, since the broadcast channel is demodulated and decoded after the initial cell search and the paging channel is decoded at intermittent reception at the UE. Therefore, two candidates for the multiplexing method for the common control channels are shown Fig. 2.

(a) Use a part of the OFDM symbols in one TTI over multiple chunks 

- Transmission bandwidth of 1.25 and/or 5-MHz at the central part of the entire transmission bandwidth is used as shown in Fig. 2(a).

- Common control channel is mapped into the duration of one or a few OFDM symbols by TDM within a TTI with a long periodic duration. 

- By using a flexible combination of TDM and FDM according to the control message size, i.e., periodic duration for mapping of the common control channel should be flexibly changed, a large frequency diversity effect is gained. 

(b) Use one chunk at every pre-decided interval

- The chunk at the central part of the entire transmission bandwidth is used as shown in Fig. 2(b).

- In the multiplexing, one chunk is exclusively used for the common control channel. 

- This chunk assignment to the common control channel is performed through periodic assignment with the highest priority in the downlink packet scheduling in a unified manner.
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(a) Use a part of OFDM symbols in one TTI over multiple chunks
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(b) Use one chunk at every pre-decided interval

Figure 2 – Multiplexing of common control channel

5. Shared Control Signaling Channel

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

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).

In our view, the following signaling messages are conveyed by the shared control channel. 

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

- Transmitted when the downlink shared data channel is transmitted. 

- Control signaling for scheduling, demodulation, and hybrid ARQ for downlink is transmitted (Detailed information is FFS).

* Control signaling for scheduling 

UE identity: Identification of the assigned UE.  
* Control signaling for demodulation

Chunk assignment information: Location of the assigned chunk 

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.)

* Control signaling for hybrid ARQ

Hybrid ARQ process information: Process number for packet combining.

Redundancy version: Puncturing pattern for incremental redundancy

New data indicator: Indicator for new data or retransmitted packet to avoid packet combining of different packets.

· Layer 2 control signals for uplink shared data channel

- Transmitted only when the uplink shared data channel is received 

- ACK/NACK bit for hybrid ARQ in uplink

· Physical and Layer 2 control signals for uplink scheduling
- Transmitted when uplink shared data channel is assigned
- UE identity, Chunk allocation information (FFS), Data modulation, Transport block size information, and Transmission power control bits

· Physical and Layer 2 control signals for uplink contention-based channel

- Transmission timing control bits for adaptive transmission timing alignment in uplink

- ACK/NACK bit for the reservation channel and fast access channel

Table 1.  Physical and Layer 2 Control Messages
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(2) Features of proposed shared control signaling channel

The features of the proposed shared control channel are as follows [1].

· We do not use channel-dependent scheduling, link adaptation, or hybrid ARQ in principle for the channel.

· Channel quality information (CQI)-based transmission power control is applied to guarantee a high-quality packet error rate.

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

· Frequency/time hopping with processing gain = 1 (no redundancy), i.e., symbol interleaving, is applied, which can achieve inter-cell interference randomization under fractional load conditions.

· 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 TTI. 

· TDM based multiplexing: The shared control signaling channel is multiplexed by TDM within a TTI, so that intermittent reception is possible at the UE. The merits of TDM-based multiplexing of the shared control signaling channel is also described for the pilot channel.

· Mapping at the beginning of each TTI: By mapping the shared control signaling channel at the beginning of each TTI, i.e., it should not be distributed over the TTI, fast decoding of the control information in the channel is possible. As a result, the demodulation and decoding of the shared data channel is achieved with a short delay. Furthermore, this mapping also allows the UE to intermittently receive signals within the TTI and this results in low power consumption at the UE.
· Multiplexing of the multiple shared control signaling channel: The multiplexing method for the common control channel and shared control signaling channel is as follows.

- TDM (symbol level or TTI level) is used with the highest priority.

- FDM is used with the second highest priority to multiplex further low-data rate channels. –
- Utilization of CDM is for further study as a promising candidate.
Figure 3 shows the multiplexing of the shared control channel.
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Figure 3 – Multiplexing of shared control channel

6. Shared Data Channel

The shared data channel conveys traffic data and Layer 3 control messages. 

(1) Features of the proposed shared data channel

The features of the proposed shared data channel structure are as follows [1].

· Employs link adaptation (AMC: adaptive modulation and coding) with modulation schemes such as QPSK, 16QAM, and 64QAM

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

· Employs frequency and time domain channel-dependent scheduling: Frequency and time domain channel-dependent scheduling is used by assigning one or a few chunks as shown in Fig. 4 (a chunk is a division unit in the frequency and time domains), to achieve multiuser diversity among simultaneous users using common radio resources.

· Employs frequency diversity under special conditions: However, in special cases such as extremely high mobility, i.e., the control loop in channel-dependent scheduling cannot track the channel variation, and a very-low received signal-to-interference plus noise power ratio (SINR), we use frequency diversity instead as shown in Fig. 5.
· Employs frequency/time hopping with processing gain = 1 (no redundancy), i.e., symbol interleaving, which can achieve inter-cell interference randomization under fractional load conditions.
· UE demodulates and decodes the shared control signaling channel, which is multiplexed by TDM within a TTI. Then, using the information regarding the chunk assignment, MCS, and additional pilot symbol assignments (if necessary), the information bits within the assigned chunk are demodulated and decoded.   
· Employs inter-cell fast hard handover for the channel.

· Adaptive TTI length: An adaptive TTI length is beneficial in decreasing the overhead of the shared control signaling channel [1, 6]. When adaptive TTI is applied, the unit in the time domain in channel-dependent scheduling is each TTI duration.
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Figure 4 – Frequency and time domain channel-dependent scheduling
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Figure 5 – Frequency diversity under special conditions
(2) Efficient transmission of CQI bits for frequency and time domain channel-dependent scheduling of shared data channel

As given in previous sub-section, one of the key techniques for the shared data channel in the Evolved UTRA downlink is frequency and time domain channel-dependent scheduling. In frequency and time domain channel-dependent scheduling, the chunk bandwidth should be as narrow as the coherence bandwidth, to obtain large multiuser diversity. Meanwhile, many chunks bring about an increasing number of CQI bits in the uplink. Thus, strategies to reduce the number of CQI bits are necessary as described below.

(a) Chunk grouping: Pre-determined grouping or adaptive grouping according to the channel conditions of each user.

(b) Differential CQI information etc.

(a) Chunk-grouping for frequency-domain channel dependent scheduling

Figure 6 categorizes the chunk-grouping method. We can consider pre-determined chunk grouping and adaptive grouping according to the channel conditions of each user as the basis of chunk grouping. 
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Figure 6 – Classification of chunk grouping methods
Figure 7 shows the pre-determined grouping method. In this case, all the chunks are grouped by the base station and the information regarding the chunk grouping is broadcast using for example the common control channel. Therefore, the UE does not need to report which chunks belong in the chunk group in the report. To form the chunk groups, distributed grouping or localized grouping should be applied as shown in Fig. 7. On the other hand, Fig. 8 shows the adaptive channel grouping according to the channel conditions of each user. In the first example in this figure, seven chunks with the best channel conditions (with the maximum SINR) are grouped. In the second example, chunks with similar channel conditions are grouped. Since the chunk group of each user is different due to independent channel variation in the adaptive grouping, the UE must report the chunk grouping information along with the CQI report, although a more useful CQI report is possible than when using pre-determined groupings.
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Figure 7 – Predetermined grouping
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Figure 8 – Adaptive grouping based on channel conditions of each user
After chunk-grouping, there are two methods to utilize the chunk groupings to reduce the number of CQI bits as shown in Fig. 6. The first method is the average CQI measurement for each grouped-chunk and perform channel-dependent frequency scheduling using all chunks. In this method, the scheduling process is as follows.

· Average CQI measurement for each grouped-chunk

(i) All users measure and report the average CQI for each chunk group

( The number of CQIs is equal to the number of chunk groups

(ii) All chunks are assigned to users based on the average CQI to which each chunk belongs.
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Figure 9 – Average CQI report for each chunk group
In the second method, all users are pre-assigned to one of the chunk-groups and the CQI measurement and chunk assignment for each user is performed within the pre-assigned chunk-group as shown in Fig. 10. An example of the scheduling process in Chunk group 1 is as follows.

· CQI measurement for each chunk within the selected (or pre-assigned) chunk group(s)

(i) Chunk A-D in Chunk group 1 are exclusively used for Users 1-10

(ii) Users 1-10 measure the CQI corresponding to Chunks A-D and report this information to the base station

( The number of CQIs is equal to the number of chunks within one chunk-group.

(iii) Chunks A-D are assigned to one of the Users 1-10 based on the measured CQI of each user for each chunk.
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Figure 10 – CQI report for all chunks within selected (pre-assigned) chunk group

Finally, Table 2 summarizes the comparison of the various chunk-grouping methods.

Table 2. Comparison of Chunk Grouping Method
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(b) Relative CQI representation among multiple chunks

Figure 11 shows another CQI bit reduction scheme and relative CQI reporting method. Note that the example shown in this figure assumes that the absolute CQI value is applied to only one chunk. However, multiple chunks can be assigned the absolute CQI values through chunk grouping to enhance the accuracy of the CQI. We can consider several strategies to send the absolute and relative CQIs.

· Absolute CQI and relative CQI in frequency and/or time domain
· Absolute CQI averaged over entire bandwidth and relative CQI of each chunk
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Figure 11 – Relative CQI reporting method

7. Multicast/Broadcast (MBMS) Channel 
In the multicast/broadcast channel, soft combining of simultaneous transmitted signals from multiple cell sites is applied to improve the received SINR [3, 6, 7, 8]. The features of the proposed multicast/broadcast channel structure are as follows.

· Frequency diversity over a wide transmission bandwidth is applied

· Time diversity is very beneficial in mitigating performance degradation due to delayed paths exceeding the cyclic prefix length.

· Link adaptation is not applied

· The multicast/broadcast channel is multiplexed based on

- TDM: TTI-by-TTI in the same channel band 

- FDM: Using different channel bands [9].

This is because a longer guard interval is employed in a multicast/broadcast channel compared to that in a Unicast channel. Considering limited spectrum usage, the TDM based multiplexing with a Unicast channel seems more feasible than FDM.

8. Downlink Synchronization Channel
(1) Assumptions

- In the Evolved UTRA and UTRAN, a stand-alone operation independent from WCDMA is desirable. Thus, cell search at the initial acquisition and the search operation of the surrounding cells in the idle mode are necessary.

- In the downlink, a cell-specific scrambling code is necessary in order to randomize the interference from other cells.

- A cell search process that is similar to that in WCDMA is necessary, in which the OFDM symbol timing, TTI timing, radio frame timing, and the cell-specific scrambling code of the target cell providing the highest received signal power are detected.
(2) Features of the proposed downlink synchronization channel

· We propose the TDM-based downlink synchronization channel

· Shorter correlation time than that in FDM-based and CDM-based SCH, which leads to lower power consumption at the UE and less performance degradation even in a high Doppler case and a large frequency offset case

· Two multiplexing methods are considered:
(a) SCH is multiplexed every radio frame [11] (Fig. 12)

· SCH timing directly corresponds to frame timing

· Reduced time diversity effect due to only one SCH in a frame

(b) SCH is multiplexed every few sub-frames (Fig. 13)

· SCH timing indicates some frame-timing candidates, that is, a two-step process is necessary to detect the frame timing

· Greater time diversity effect is obtained due to multiple SCHs in a frame

· A cell-specific scrambling code is not multiplied to the downlink synchronization channel

· Cell-specific scrambling codes are grouped into multiple groups
· We propose downlink synchronization channels for cell search [10]
· Primary downlink synchronization channel (P-SCH): Common to all cells

· Secondary downlink synchronization channel (S-SCH): Cell-specific code pattern similar to WCDMA

· We propose a three-step cell search method at the initial acquisition

Step 1 - (a) Frame timing / (b) Frame timing candidate detection by detecting P-SCH position as well as frequency offset compensation using P-SCH
Step 2 - (a) Scrambling code group / (b) Scrambling code group and radio frame timing detection by decoding the S-SCH symbol pattern

Step 3 - Detection of cell-specific scrambling code among candidates in the scrambling code group detected in Step 2 by detecting the correlation using the common pilot channel

· S-SCH signal candidates, which convey the cell-specific scrambling code group information, are described below.

(a) PN sequences in the time domain

(b) PN sequences in the frequency domain

(c) Comma-free code sequences in the frequency domain

(d) Channel-coded bit sequences in the frequency domain

· We propose a common SCH structure among sectors in the same Node B

· P-SCH common to all sectors (and cells) is transmitted at the same timing among sectors in the same Node B to improve cell search performance especially at sector boundaries in the same Node B.

Since we employ a cell-specific scrambling code, S-SCH is common to all sectors in the same Node B. Therefore, S-SCH is also transmitted at the same timing among sectors in the same Node B.
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Figure 12 – Downlink synchronization channel multiplexed every radio frame
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Figure 13 – Downlink synchronization channel multiplexed every few sub-frames
· Downlink synchronization channel configurations for scalable bandwidth [5]

· The UE must connect to a cell in differently sized spectrum allocations, ranging from 1.25 MHz up to 20 MHz

· The proposed downlink synchronization channel configurations for scalable bandwidth operation are as follows.
(a) The downlink synchronization channel defined for the maximum channel bandwidth (Fig. 14)

- Each cell site uses the central part of the defined downlink synchronization channel according to its channel bandwidth.

- The downlink synchronization channel is transmitted using the entire channel bandwidth.

(b) The downlink synchronization channel defined for the minimum channel bandwidth (Fig. 15)

- Each cell site maps the downlink synchronization channel at the center of its channel bandwidth.

(c) Hybrid of (a) and (b) (Fig. 16)

- (a) for a narrower bandwidth and (b) for a wider bandwidth
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Figure 14 – Downlink synchronization channel defined for maximum channel bandwidth
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Figure 15 – Downlink synchronization channel defined for minimum channel bandwidth
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Figure 16 – Hybrid of (a) and (b)
· Downlink synchronization channel configurations for multiple CP lengths

· Both a basic short CP and a long CP are possible

· A basic short CP for typical Unicast environments

· A long CP for Multicast/Broadcast and for extraordinarily large delay spread environments
· Sets of UE have no information on the CP length at the initial cell search

· A unified cell search scheme irrespective of the CP length is desirable

· We propose two candidate downlink synchronization channel configurations for multiple CP lengths

(a) Fix the CP length of TTI on which the downlink synchronization channel is multiplexed (Fig. 17)

* TTI on which the downlink synchronization channel is multiplexed always employs a short (or long) CP

* Frame timing (TTI timing) can be detected by correlation between the received signal and the downlink synchronization channel replica with a short (or long) CP

* Inter-frame (Inter-TTI) correlation averaging can be easily applied, since the CP length of TTI on which the downlink synchronization channel is multiplexed is fixed.
(b) Locate the downlink synchronization channel at the end of the TTI (Fig. 18)

* The end of the downlink synchronization channel corresponds to the end of the TTI irrespective of the CP length.

* Frame timing (TTI timing) can be detected by the correlation between the received signal and the downlink synchronization channel replica with a short (or long) CP.

* Inter-frame (Inter-TTI) correlation averaging can be easily applied even when the CP length changes TTI-by-TTI.
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Figure 17 – Downlink synchronization channel configuration for multiple CP lengths (a)
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Figure 18 – Downlink synchronization channel configuration for multiple CP lengths (b)

9. Conclusion

This document proposed physical channels including their configuration and multiplexing method using OFDM-based radio access in the Evolved UTRA downlink.
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