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1. Introduction

RAN WG1 has recently agreed on some of the physical structure related configuration aspects of the L1/L2 control channels. With this beginning, it is beneficial to start discussions on how the control channels are configured and the mobile operation details in WG2.

2. Discussion

RAN WG1 has agreed to the following:

1. The DL control signaling is located in the first ‘n’ OFDM symbols of a 1 ms TTI, where n <= 3.

2. In any given TTI, the earliest the data can be transmitted is in the same OFDM symbol where the last of the control channels ends.

3. Multiple control channels are transmitted and each control channel is convolutionally coded. Each control channel carries information for one MAC identity.
4. Different modulation and coding rates can be applied to the different control channels with at least two modulation and coding formats being supported.

In addition it has been agreed that the minimum receive bandwidth for a UE is 20 MHz. 
2.1 L1/L2 control channels – SCCH transport channel

L2 is responsible for the mapping of the information elements onto L1. This is true even in the case of the control channels. The MAC determines which UE to schedule in the downlink and uplink, and what power, modulation and coding format to use for the control channel for each UE being scheduled. It is therefore proposed to define the L1/L2 control channels as transport channels, SCCHs (shared control channels). Note that this is in contrast to the case for HSDPA where the control channel was defined as a physical channel, the HS-SCCH.
2.2 Size of L1/L2 control region – value of ‘n’

Multiple SCCHs may be transmitted in a cell, and each SCCH is mapped to the L1/L2 control region defined by ‘n’. By using multiple control channels, it is possible to partition the power amongst the control channels based on the channel conditions of the scheduled UEs. The value of ‘n’ is signaled to the UE either using the BCCH or L3 signaling or in case ‘n’ is chosen to be dynamic via L1 signaling. In order to read paging related information, a UE in LTE_IDLE also needs to be aware of the value of ‘n’. If there is a desire to keep the flexibility of ‘n’ varying across cells then the use of BCCH might be the preferred way forward. However, this would imply that the UE needs to read the BCCH prior to establishing the radio link to a cell while in LTE_ACTIVE. Alternate mechanisms of providing the information in the handover command in case of LTE_ACTIVE UEs are also possible. It might be useful to consider the signaling of ‘n’ using both BCCH and L3 signaling.
2.3 Frequency Domain Mapping
Given that the minimum UE reception capability is now defined to be 20 MHz, there are no issues in terms of being able to receive paging while simultaneously receiving MBMS data. Hence no benefit is seen in partitioning the L1/L2 control channel region in the frequency domain. Furthermore, given the larger bandwidth, the resource allocation information bits need to be increased compared to the 5 MHz case. To accommodate this while restricting the control channel bandwidth to less than the carrier bandwidth will require a larger ‘n’ or the use of fewer number of control channels per TTI. This will lead to degradation in overall performance and hence is undesirable.
2.4 SCCH TB size

The transport block sizes for the DL SCCH and the UL SCCH are fixed for a given carrier bandwidth and are a function of the carrier bandwidth alone. For e.g. in case of 5 MHz carrier bandwidth, the TB size for the DL SCCH may be of the order of 46 bits including a 16 bit CRC, while for the UL SCCH 38 bits is sufficient. For wider bandwidths more bits are required to accommodate the increased number of resource elements that can be allocated. The DL and UL SCCHs are mapped to appropriate number of resource elements (aka sub-carriers). The total number of resource elements used for mapping the control channel will dictate the (effective) coding rate for the control channel. 
2.5 Control Channel Physical Structure

In order to ensure a simplified UE decoding operation, the L1/L2 control channel region can be partitioned into identically sized control channel elements (CEs). Control channel elements are logical entities and map to a certain predefined set of (preferably non-contiguous, i.e. distributed allocation) physical resource elements or subcarriers. The control channel payload is fixed for a given bandwidth and hence the number of resource elements (subcarriers) per control channel element is fixed for a given carrier bandwidth  and ‘n’ value, and can be hard-coded in the specification. The dependence on ‘n’ arises due to the interest in limiting the number of control channel elements to help reduce UE complexity. The number of resource elements is a function of the carrier bandwidth due to the larger number of information bits required at larger bandwidths. For example, approximately 36 resource elements are required to support the 30 information bits (46 – 16 bit CRC) assuming QPSK modulation and rate 2/3 convolutional code providing ~ 30% coverage. This provides for around 13 control channel elements spread over 2 OFDM symbols (i.e. n=2) to be shared between the downlink and uplink.  
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Figure 1: Control Channel structure

The mapping of the individual control channel elements to the physical resource elements should be pre-configured (hard coded) for various values of ‘n’ and carrier bandwidth or signaled to the UE through the BCCH using very efficient signaling means. 

To increase the coverage beyond 30% a lower effective code rate would need to be applied. This can be achieved by combining individual control channel elements. Appendix A provides an illustration of how varying effective code rates can be achieved thereby increasing coverage. 
Combining different numbers of control channel elements results in different search patterns or combining candidates. A UE attempts to decode each pattern in order to detect the control channel assigned to it. The number of attempts required by a UE could be reduced for e.g.by organizing the order of the attempts based on some criteria, such as UE reported CQI. 
2.6 Control Channel Payload Formats
The payload content in the control channel still needs to be discussed. Currently various optimized control channel schemes are being discussed in the interest of being able to maximize the overall system throughput. In particular various schemes for persistent scheduling are being defined to maximize the capacity for VoIP, etc. The L1/L2 control channels are also being used for transmitting scheduling information for the paging message and the response to the RACH transmission. The control channel payload for each of these will be different from the control channel payload being defined for the non-persistent data scheduling, due to a smaller MCS set that is applicable, lack of HARQ being applied and so on. The UE identity applicable in each case is also different. For example, a group identity may apply in case of persistent scheduling while a special paging identity will be set aside to handle the paging message. Similarly, a part of the C-RNTI space has been set aside to support the response to random access transmission. The CRC generated for each of the control channel payloads can be masked with the appropriate UE identity, thereby permitting the UE to implicitly associate the format for the control channel payload, i.e. information elements for the control channel signaling, with the UE identity used when decoding the control channel. 
2.7 Mobile operation

In LTE_IDLE, the UE determines the value of ‘n’ through the BCCH information (assuming ‘n’ is chosen to be semi-static). The carrier bandwidth can be used to further ascertain the transport block size of the SCCH transport channel. The starting locations of the individual control channel elements are also known to the UE. In order to receive paging at the assigned DRX interval in the specified 1 ms frames of a radio frame, it applies the assigned paging identity when attempting to decode the individual control channel elements in the L1/L2 control region. 
In LTE_ACTIVE, the UE either through BCCH or L3 signaling determines the value of ‘n’ that is active in the current serving cell. Furthermore, the transport block size that is applicable to the SCCH is also determined based on carrier bandwidth.  As indicated above, the UE is also configured with the starting locations of the individual control channel elements. The UE maybe further configured with one or more MAC identities, a C-RNTI and a group identity. The 16 bit CRC of the control channel payload is masked with one of the UE Identities. The validity of the group identity may be restricted to a sub-set of frames in a radio frame. This helps to further limit the number of hypothesis the UE needs to test in determining if a valid control channel message has been transmitted to it. Since the UE can receive downlink and uplink assignments in the same TTI, the UE should continue to check for an uplink assignment even after a downlink assignment has been successfully decoded. To assist the UE in this process, it might be useful to separate the downlink and uplink control channels explicitly through L3 signaling or by use of additional bits in the payload (the additional bits may or may not be transmitted).
3.
Summary
A simple downlink L1/L2 control channel design has been proposed based on fixed size control channel elements which are combined in a predetermined manner to achieve different effective coding rates. Each UE attempts UL and DL CCH detection by searching for combining candidates. The primary drivers for the design are negligible system performance loss and minimum UE complexity. The key aspects of the control channel structure are as follows:

1. L1/L2 control channel region is limited to the first ‘n’ OFDM symbols, where n is signaled using BCCH or L3 signaling.

2. Fixed size control channel elements (CEs) where the size is a function of carrier bandwidth. 
3. Combining of CEs to achieve different effective encoding rates (format types)

4. Minimize the number of control channel detection attempts and ‘n’ while achieving >98% capacity.
5. Physical mapping of ACK/NACK channels is implicitly derived based on the physical location of the successfully decoded control channel.

6. If n increases then the #CEs remains the same to reduce UE search complexity. The number of resource elements per control channel element is increased to allow better coverage or to support more resource elements needed for dedicated DL RS for MIMO. 

7. For higher bandwidth carriers both the number of control channel elements and the number of resource elements per control channel element are increased to account for the larger resource allocation map and the need for increased number of scheduled UEs.

8. Different UE identities are applied to mask the CRC for the control channel payload. The UE identity to use is determined by the UE based on the RRC state (LTE_ACTIVE or LTE_IDLE). The information elements in the control channel payload that apply are implicitly associated in a deterministic fashion based on the UE identity used to mask the CRC, thereby allowing for the same overall control channel structure to be used in all cases – paging, response to random access transmission, non-persistent scheduling and persistent scheduling.
Appendix A

Table A1 – 5 MHz Example: Predefined Effective coding rates for L1/L2 CCHs


[image: image2.emf]#CE

Aggregated UL Non-Persistent DL Non-Persistent

(36 RE each)

(N

payload

=38 bits) (N

payload

=46 bits)

1 0.528 0.639

2 0.264 0.319

3 0.176 0.213

4 0.132 0.160

5 0.106 0.128

6 0.088 0.106

7 Not Used 0.091
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