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1 Introduction

Several coding schemes for downlink L1/L2 control signaling have been proposed in previous RAN1 meetings [1] – [9]. This contribution provides a performance comparison for joint and separate coding of the allocated UEs, where the following schemes are considered:

· Separate UE coding: The control information for all allocated UEs is separately encoded. In addition, the downlink Cat 1 information is separately encoded from the uplink related L1/L2 control information.

· Joint UE coding: The control information for multiple allocated uplink and downlink UEs is jointly encoded. Multiple control channels may be defined, with each control channel conveying control information for a group of uplink and downlink UEs. 

For both schemes semi‑static Adaptive Modulation and Coding (AMC) and fast Transmit Power Control (TPC) are assumed.

In an accompanying contribution [10], we provide an evaluation of TDM vs. FDM multiplexing of the downlink L1/L2 control signaling.
This document is resubmission of R1-062806 for RAN1#46bis meeting. 

2 Details on Downlink L1/L2 Control Coding

Efficient design and transmission of L1/L2 control signaling is crucial to achieve an appropriate LTE system performance. An important design criterion for the downlink L1/L2 control signaling is if the information directed to different UEs should be encoded separately or jointly.

The following information is required to be transmitted on the downlink L1/L2 control signaling:

· Downlink scheduling information: The downlink scheduling information is divided into several categories (Cat 1/2/3) with Cat 1 carrying resource allocation related information and Cat 2/3 carrying transport format and HARQ related information. The Cat 1 information needs to be decoded by several UEs in order to find out if a UE is scheduled, whereas the Cat 2/3 information needs only to be decoded by the actually scheduled UE. This suggests to separately encode Cat 1 information from Cat 2/3 information. Moreover, the Cat 2/3 information for different UEs should be separately encoded in order to allow a mapping into the RBs allocated to a UE and/or link‑adapt the Cat 2/3 to the channel state of a UE. This allows taking benefit of the generally good channel condition of the allocated RBs.

· Uplink related L1/L2 information: A separation into categories is not necessary, since we do not see a benefit from separately mapping/encoding the resource allocation related information from the transport format related information (no mapping into the data RBs possible).
Based on the argumentation above, we assume separate encoding of downlink Cat 1 from Cat 2/3 information and focus on the coding of downlink Cat 1 information and uplink related L1/L2 information, where we consider the following two cases (see Figure 1):

· Separate UE coding: The control information for all allocated UEs is separately encoded. In addition, the downlink Cat 1 information is separately encoded from the uplink related L1/L2 control information.

· Joint UE coding: The control information for multiple allocated UEs is jointly encoded. Multiple control channels may be defined, with each control channel conveying control information for a group of UEs. Each group consists of an equal number of uplink and downlink UEs, i.e. within each group downlink Cat 1 information and uplink related L1/L2 control information is jointly encoded.

Besides efficient coding of the downlink L1/L2 control signaling, efficient link adaptation is also important. Based on the following reasons, we consider a combination of semi‑static AMC control with fast TPC per TTI:

· Semi‑static AMC control allows for coarse link adaptation without requiring fast transmission of Cat 0 information indicating the MCS level(s) of the downlink L1/L2 control channel(s) as would be needed for fast AMC control.

· AMC control allows to adapt the content of L1/L2 information dependent on the used MCS for the control channel in order to improve the time/frequency resource utilization.
· Coarse link adaptation by AMC control reduces the required dynamic range by TPC, which in turn reduces the variations in intercell interference.

· Fast TPC allows fine link adaptation (small dynamic range) without requiring transmission of Cat 0 information. 
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Figure 1 – Coding of L1/L2 Control Information (4 UL UEs and 4 DL UEs)

3 Simulations

3.1 Simulation Assumptions

Number of Control Bits

The assumed number of control bits per TTI for separate and joint coding is given in Table 1 [1]. NRB denotes the number of resource blocks, NUE denotes the number of allocated UEs per link within a TTI and NGR denotes the number of defined groups in the joint coding case. The same number of allocated uplink and downlink UEs is assumed.  Figure 2 shows the resulting number of control bits as a function of allocated UEs within a TTI for a 10 MHz system bandwidth. In order to reduce the signaling overhead, we assume a pair‑wise allocation of adjacent RBs, i.e. NRB = 25.  It can be observed, that for the area of interest with at least 8 allocated UEs (4 per link), the joint coding (1 and 2 groups) requires less control bits than the separate coding.

It should be noted, that we consider a 12-bit UE ID for the joint coding (as defined in Table 1) as an optimistic assumption [11].

Table 1 – Number of Control Bits
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	Joint Coding
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	Resource assignment
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Figure 2 – Number of Control Bits for 10 MHz

Simulation Methodology

In Each TTI, NUE downlink UEs and NUE uplink UEs are randomly allocated and mapped on the control channel(s). The SINRs are determined based on the UE geometries considering 2 RX antennas and shadowing (Simulation Case 3, fast fading not taken into account). Then for each allocated downlink UE, the achievable data‑rate on the downlink is calculated by using the Shannon equation C = log (1+SINR) with  denoting a degradation factor, set to - 4 dB [12]. Each allocated downlink UE receives the same amount of time/frequency resources for data transmission.

In case of separate UE coding, the allocated UEs are sorted in ascending SINR order and mapped to the respective control channel sorted in ascending MCS order. Then for each control channel the required transmit power for correct reception by the mapped UE is calculated. If the required total transmission power for all control channels exceeds the available total transmission power, UEs are randomly dropped one‑by‑one until the required total transmission power is less than the available total transmission power. The control channels for dropped UEs are not transmitted (time/frequency resources are unused). Details on the defined control channel MCS levels are provided in Table A1 in the Annex.

In case of joint UE coding, the allocated UEs are sorted in ascending SINR order and mapped in equally sized groups to the control channels sorted in ascending MCS order with each control channel carrying the same amount of uplink and downlink UEs. Then for each control channel the required transmit power for correct reception by the mapped UE with the lowest SINR within the group is calculated. If the required total transmission power for all control channels exceeds the available total transmission power, groups (control channels) are randomly dropped until the required total transmission power is less than the available total transmission power. The control channels for dropped groups are not transmitted (time/frequency resources are unused). Details on the defined control channel MCS levels are provided in Table A2 in the Annex.

Note, that the effect of dropping uplink UEs is not reflected in the results, since only the downlink data performance is evaluated. Moreover, power sharing between control and data channels is not assumed. Further, variations in intercell interference due to fast fading and TPC are not modeled.

Additional simulation assumptions are listed in Table 2.

Table 2 – Simulation Assumptions

	Simulation case
	Case 3

	Bandwidth
	10MHz

	Time/frequency resources per TTI (1ms)
	8400 (14 OFDM symbol x 600 subcarriers)

	Pilot time/frequency resources
	800 (assuming 2 TX antennas)


3.2 Simulation Results

Figure 3 shows the downlink data throughput vs. the number of allocated UEs within a TTI for separate and joint UE coding with 1, 2 and 4 groups, where an identical number of UEs are allocated for uplink and downlink. For all number of allocated UEs and all group configurations the separate coding outperforms the joint coding schemes. Moreover, for the joint coding cases, the performance improves with an increasing number of groups. This leads to the conclusion that the higher potential for link adaptation for the separate coding case (or for the joint coding case with more groups) more than compensates the larger number of required control bits.

Figure 4 shows the average required control signaling overhead in terms of time/frequency resources for the simulated coding schemes. The shown results confirm the observation made in Figure 3.
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Figure 3 – Downlink Data Throughput
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Figure 4 – Control Channel Overhead

4 Conclusion

In this contribution we have compared separate and joint UE coding (incl. grouping) for the downlink L1/L2 control signaling. The control signaling is link adapted by a combination of semi‑static AMC and fast TPC per TTI, where the AMC control allows to adapt the content of the L1/L2 information based on the MCS used for the control channel.  

The obtained results show that separate UE coding outperforms joint UE coding since the higher potential for link adaptation for separate UE coding more than compensates the larger amount of required control bits. 

Therefore, we propose the following for downlink L1/L2 control signaling:

· Separate coding of UEs and separate coding of uplink and downlink information

· Link adaptation by semi‑static AMC and fast TPC

References

[1] R1-061672, “Coding Scheme of L1/L2 Control Channel for E-UTRA Downlink”, NTT DoCoMo, Fujitsu, Mitsubishi Electric, NEC, Sharp, Toshiba Corporation

[2] R1-061696, “Joint vs. Separate Coding for DL Control Signaling”, Samsung

[3] R1-061728, “Joint and Separate L1/2 control channel coding”, Motorola

[4] R1-061740, “Shared Control Channel Structure and Coding for E-UTRA Downlink”, Texas Instruments

[5] R1-061800, “Coding of L1/L2 Control in E-UTRA DL”, Qualcomm Europe

[6] R1-061825, “Control signaling for DL scheduling”, Siemens

[7] R1-061838, “E-UTRA Downlink Control Signaling Design”, CATT

[8] R1-061859, “Evaluation of E-UTRA Downlink Control Information Coding Schemes”, Huawei

[9] R1-061907, “DL L1/L2 control signaling channel encoding structures”, Nokia

[10] R1-063186, “Multiplexing and Link Adaptation of Downlink L1/L2 Control Signaling”, Panasonic

[11] R1-062051, “UE MAC ID and L1 TrCH Multiplexing for E-UTRA”, Qualcomm Europe

[12] M. Batariere, K. Baum, and T. Krauss, “Cyclic Prefix Length Analysis for 4G OFDM system”, IEEE VTC 2004 Fall, pp-543-547, Sep. 2004.

Annex

Table A1 – Control channel MCS levels for separate UE coding
(denoted in spectral efficiency [bit/sec/Hz])

	
	4 allocated UEs
	8 allocated UEs
	16 allocated UEs
	24 allocated UEs

	Downlink UEs
	0.12

1.03
	0.11

0.41

1.03

2.62
	0.08
0.27

0.45
0.80

1.12
1.79

2.51
4.14
	0.08
0.20

0.34
0.55

0.73
0.95

1.27
1.63

2.06
2.78

3.49
4.52

	Uplink UEs
	0.12

1.03
	0.11

0.41

1.03

2.62
	0.08
0.27

0.45
0.80

1.12
1.79

2.51
4.14
	0.08
0.20

0.34
0.55

0.73
0.95

1.27
1.63

2.06
2.78

3.49
4.52


Table A2 – Control channel MCS levels for joint UE coding
(denoted in spectral efficiency [bit/sec/Hz])

	1 Group
	2 Groups
	4 Groups

	0.10
	0.10

1.30
	0.10

0.52

1.31

2.64
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