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1. Introduction

This contribution investigates joint versus separate coding of control fields. 
2. Separate versus Joint Coding of Control Fields
Currently, two options exist for coding of the control fields – joint and separate coding.  With joint coding, control fields from multiple users are encoded together.   Note that the encoding may be done jointly for all UEs or for each group of UEs (i.e. multiple jointly encoded regions).  With separate coding, control fields for each UE are encoded separately.  The benefits and drawbacks for each option are noted as follows:
· Joint Coding
· Overhead reduction – The main benefit for joint coding of the control fields is to reduce control overhead.  This is because only one CRC is required for each jointly encoded region.  Since CRC may consume up to 16 bits, this represent a substantial amount overhead if needed per user.  On the other hand, if control overhead is fixed for operational simplicity (e.g. control occupies the second OFDM symbol), then joint coding can result in a greater number of users that can be scheduled within a control region.
· Coding gain – If control fields are encoded together, more advanced coding may provide a coding gain.  In [1], a gain of approximately 1 dB was observed for Turbo code over the baseline convolutional code with larger packet size.  This represents a substantial performance gain equivalent to a 5-10% increase in area coverage reliability.
· Power trade-off – With joint coding, power allocation must be done to the worst user.  Some power tradeoff may be possible with multiple jointly coded regions.  However, the gain is expected to be small since only a few jointly coded regions can be supported in order to keep overhead low.
· Adaptive modulation and coding – Similar to the power issue, the gain from applying adaptive modulation and coding to each jointly coded region is expected to be small since only a few regions can be supported in order to keep overhead low.

· Separate Coding
· Power trade-off – If UE control fields are encoded separately, different power assignment for each UE is possible.  This can ensure that transmission power is not wasted on UEs in good location (power reduction), leaving additional power available to UEs in poor location (power boosting).  However, this will require separate coding of control fields, which introduces additional control overhead and eliminates possible coding performance gain.  In addition, the interference generated by such a power control scheme may adversely impact reception in other cells but with interference management their can likely be significant improvements.
· Adaptive Modulation and Coding – With separate coding, AMC could be applied individually to each user.  However, the AMC assignment may need to be signaled to the worst user, which will negate some AMC benefits.
· User-specific Beamforming / closed loop transmit diversity – Beamforming could also be applied to the control channel to ensure reliable reception.  However, since beamforming is not expected to be a mandatory feature, it cannot be relied upon to provide reliable reception of all control channel information.   Similarly, closed loop transmit diversity could be used to improve control channel reliability. However the forward and reverse link overheads have to be carefully considered relative the gain for the control channel, particularly for UEs traveling at high speeds.
· FDM vs. TDM
· Delay – TDM at the beginning of the frame offers reduced latency, as the control information available early. Latency can affect performance, required buffering, and power consumption.
· Micro-sleep – Having a TDM control channel that occupies only the first or first two symbols of a subframe allows a UE to sleep between occurrences of waking up and reading the control channel. Given that the control and  receiver circuitry of the UE permits it to wake up within one symbol and go completely back to sleep within one symbol means that a UE could sleep for 2 to 3 symbols of every subframe which would allow a battery life savings of between 2/7 and 3/7 which is quite significant.  A FDM control channel would prevent this battery life savings since it would be required to stay awake the entire 7 symbols of the subframe to read all the potential control channels.

· Overhead - If FDM coding assumes separate coding of the control channels in order to get the benefit of the “better” subcarriers selected for scheduling, then it is also less efficient than joint coding in terms of control overhead.
· Scheduling diversity gain - If the FDM control channels are allocated diagonally across frequency over the 7 symbols of the subframe then it is not possible to obtain a scheduling diversity gain for the downlink scheduling grants. Frequency diversity gain is obtained.
· Link Budget – To achieve a link budget advantage from FDM requires that the power allocated to the rest of the subcarriers across each symbol needs to be reduced which may occur for subcarriers in those resource blocks allocated to UEs very close to the cell. However, there would be a tradeoff between sector throughput performance and control channel reliability in this case as well as reducing scheduling flexibility.

3. Area Coverage Reliability
Based on link results and system simulation C/I curves for a given cell layout (in this paper we used Case 3 in TR 25.814) it is possible to map various grant scenarios with different number of uplink and downlink users to the corresponding achievable Area Coverage reliability (ACR). Control for all users is mapped to one OFDM symbol in Figure 1, and 2 OFDM symbols in Figure 2. 
For a given number of users to be scheduled, the ACR of the control channel indicates the fraction of the cell that the users may be selected from, with improved ACR translating into improved system performance. Both control channel approaches shown are adaptive in that instead of setting coding rate for a fixed 95% target, the coding rate may change to support more users when the users are not at the edge of the cell and fewer users at the 95% ACR point.
Figures 1 and 2 indicate that joint coding with a single region results in better ACR than a Dedicated control channel with separate coding. 
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Figure 1 – Area Coverage Reliability (ACR) for Joint vs. Separate (Dedicated) coding – 1 symbol
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Figure 2 - Area Coverage Reliability (ACR) for Joint vs. Separate (Dedicated) coding – 2 symbol
Notes

· ANNEX A shows the mapping of different grant scenarios (each with different # of UL and DL scheduling grants and hence different encoding rate) to a specific ACR for QPSK as shown in Figure 3 for convolutional coding and convolutional coding + 1dB to represent Turbo coding respectively based on assuming cyclic shift delay (CSD) transmit diversity and mobile station receive diversity (2x2) with frequency diverse allocations.
· ANNEX B outlines the #information bits required for joint and separate coding for a given number of uplink and downlink grants. Joint coding has advantages due to e.g. less CRC overhead, the ability to share resource allocation bit maps, and in general take implicit advantage of UEID ordering.

· Table 1 & 2 show the coding rate required for the Joint and Separately coded cases shown in Figure 1 and 2 for the different numbers of scheduled downlink (K) and uplink (L) UEs (grant scenarios). The number of available subcarriers is equal to the number of subcarriers in 1 or 2 OFDM symbols - pilot subcarriers for two transmit antennas - 36 subcarriers assigned for DL ACKs – 18 subcarriers for a broadcast MCS indication (4 bits coded with QPSK and with R=1/3 + 3x repetition coding).
· For both separate and joint coding, the broadcast MCS indication is separately transmitted and tells the UEs how to demodulate the fixed total resources (1 or 2 OFDM symbols). For separate coding, this approach is more advanced than the typical approach where the resources per UE and the MCS are fixed and only the power can be adjusted. Here, the separate coding (dedicated) approach divides the total resources equally amongst the users to be scheduled, so both the MCS and the power can be adjusted. The MCS is therefore the same for each scheduling grant for a given grant scenario, but the MCS may differ between grant scenarios. 
Table 1 - ACR FOR JOINT CODED CASE FOR DIFFERENT L, K (M=0)

[image: image3.emf]Grant L - #ul K - #dl R 

 for (L,K)

ACR Nsubc_avail

Case (UEs) (UEs) (b/qsym) , Nsym_used

0 0 1 1 / 4.63 89.0% 146 , 1sym

1 1 1 1 / 3.48 82.7% 146 , 1sym

2 2 1 1 / 2.78 76.1% 146 , 1sym

3 1 2 1 / 2.73 75.4% 146 , 1sym

4 2 2 1 / 2.28 68.3% 146 , 1sym

5 3 2 1 / 1.96 60.8% 146 , 1sym

6 2 3 1 / 1.79 55.6% 146 , 1sym

7 3 3 1 / 1.59 47.4% 146 , 1sym

8 1 1 1 / 10.62 99.2% 446 , 2sym

9 2 1 1 / 8.50 98.6% 446 , 2sym

10 2 2 1 / 6.97 97.7% 446 , 2sym

11 3 3 1 / 4.85 89.8% 446 , 2sym

12 4 4 1 / 3.91 85.6% 446 , 2sym

13 5 4 1 / 3.58 83.5% 446 , 2sym

14 8 4 1 / 2.86 77.0% 446 , 2sym

15 4 8 1 / 2.69 74.9% 446 , 2sym


Nsubc_avail = (600 - (1/3)*300)*LTE.BW/5 - #ACK/NACK -  GrantIndex_sz*9/2 

Nctl_bits_region1 =(L+K)*cat1_sz+(L+K)*cat2_sz+(J+1)*cat2bis_sz+K*cat3_sz+(16)crc

L - #UL UEs, implicit from MCS,      K - #DL UEs, implicit from MCS,    J = Ceil( log2(K) ) – short id

Table 2 - ACR FOR SEPARATELY CODED CASE FOR DIFFERENT L, K (M=N=0)

[image: image4.emf]Grant L-#ul K-#dl R (L,K) ACR Nsubc_avail

Case (UEs) (UEs) (b/qsym) , Nsym_used

0 0 1 1 / 6.95 94.9% 146 , 1sym

1 1 1 1 / 3.65 79.1% 146 , 1sym

2 2 1 1 / 2.47 64.7% 146 , 1sym

3 1 2 1 / 2.39 63.1% 146 , 1sym

4 2 2 1 / 1.83 47.3% 146 , 1sym

5 3 2 1 / 1.47 30.4% 146 , 1sym

6 2 3 1 / 1.45 28.5% 146 , 1sym

7 3 3 1 / 1.22 10.2% 146 , 1sym

8 1 1 1 / 11.15 98.8% 446 , 2sym

9 2 1 1 / 7.56 96.4% 446 , 2sym

10 2 2 1 / 5.58 88.8% 446 , 2sym

11 3 3 1 / 3.72 79.6% 446 , 2sym

12 4 4 1 / 2.79 69.9% 446 , 2sym

13 5 4 1 / 2.49 65.0% 446 , 2sym

14 8 4 1 / 1.89 49.7% 446 , 2sym

15 4 8 1 / 1.83 47.5% 446 , 2sym


4. Conclusions

Due to the low overhead and the ability to support greater number of users, it is recommended that control fields be jointly encoded. Further improvement may be considered by coding the control with two joint regions.  Benefits of power control and interference management for the separately coded case may be compensate for being less bit efficient than joint coding but must be considered along with the constraints placed on scheduling.
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6. ANNEX A

Figure 3 and Table 3 below shows the mapping of encoding rate to ACR based on QPSK modulation and assuming base station cyclic shift transmit diversity and mobile station receive diversity as well as a frequency diverse allocation resulting in some frequency diversity benefit. Encoding rate vs. ACR is shown for both convolutional coding and convolutional coding + 1dB to represent Turbo coding based on Case 3 (1732 ISD, 20dB penetration loss) using the TU channel model.
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Figure 3 – ACR vs. Encoding Rate for Convolution and Turbo Coding using 2x2 and Case 3
Table 3 - Cell coverage for TU channel at 1% control channel BLER and 1732m ISD

	AMC Region
	1 TX Ant
	2 TX Ants

	16-QAM, R=2/3
	6%
	9%

	16-QAM, R=1/2
	16%
	21%

	QPSK, R=2/3
	26%
	32%

	QPSK, R=1/2
	45%
	53%

	QPSK, R=1/3
	64%
	73%

	QPSK, R=1/3, Repetition = 2
	80%
	90%

	QPSK, R=1/3, Repetition = 4
	93%
	99%


7. ANNEX B

Figure 4 shows Joint Control Signaling tool for determining coding rate for different numbers of uplink (L) and downlink (K) users. Figure 5 shows the Separate coding tool for determining coding rate for different numbers of uplink and downlink users.
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Cat0 GLOBAL JOINT - Sets BARs & TABLES

GCI 4 LTE BW 5 MHz REF

DLI 1 NO, L3 message SYMS

Cat1 DL HARQp 0 NO, synch HARQ

UEID 12

PARAMETERS FOR BARS

 (Joint Regions)

1x2: 1/6

UID 3 Q 12 Total UEs 2x2: 1/3 100 sc

LID 9 L 8 #UL UEs UL

K 4 #DL UEs ACK/NACK

Cat2 M 0 #UL/DL UEs R'=1/8 36 sc 136 sc

LDI 0 R 7/20

Enc. Rate  

for (L,K) UEs

Cat0

DLI 1 J 2 short id length 4 Grant Case Ind. 154 sc

Duration 2

Q - total DL+UL UEs in both regions

MATI 2

L - #UL UEs, implicit from MCS

Cat1,1

Mod 2

K - #DL UEs, implicit from MCS

Cat1,2

Payload 6

J = Ceil( log2(K) )

..

108 bits

9 Cat1,L+K 308 sc

Cat0: QPSK R=1/3 w 3x rep.

Cat2bis Cat0 is broadcast Cat2,1

RA var UIDs  - BS manages LID conflicts via L3  Cat2,2

via Fast Sleep state ("always on") ..

Cat3

144 bits

12 Cat2,L+K 514 sc

HARQp 3 (DL only)

RV 2 Cat2bis

12 RA_UL 

(for localized UEs)

36 bits

12 x J RA_DL, K 566 sc

Could use blind detection if limited the # of MCSs

UID - upper bits of UEID that exceed e.g. first 8

Cat3,1

LID - lower bits (e.g. first 8-bits) of UEID

Cat3,2

LDI -  link direction indicator (implicit from MCS and UEID order)

..

DLI - distributed or localized indicator (implicit based on order) 8 bits

2 Cat3,K 577 sc

MATI - multi-antenna technology indicator

RA - resource allocation indicator sum: 312 bits

16 CRC

600 sc

HARQp - HARQ process number

SUBRAME

NDVRB - number of distributed virtual RBs

SYMBOL 1, 2

GCI - grant case indicator


Figure 4 – Single Region Joint Coding tool using broadcast 4-bit GCI (QPSK R=1/3 with 3x rep.)
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Cat1 GLOBAL DED. - Sets BARs & TABLES

GCI 4 LTE BW 5 MHz REF

NDVRB 1 NO, L3 message SYMS

DL HARQp 0 NO, synch HARQ

Cat2

PARAMETERS FOR BARS 

(DEDICATED)

1x2: 1/6

LDI 0 Q 12 Total UEs 2x2: 1/3 100 sc

NDVRB 3 L 8 #UL UEs (R variable) UL

Duration 2 K 4 #DL UEs (R variable) ACK/NACK

MATI 2 R 9/17 Enc. Rate  

for (L,K) UEs

36 sc 136 sc

Mod 2 M 0 #UL UEs R'=1/8

Payload 6 N 0 #DL UEs R'=1/8 Cat1

4 Grant Case Ind.

Cat2bis Cat1 is broadcast w QPSK R=1/3+ 3x rep. 154 sc

RA var

DL - K UEs

Cat3 12 Cat2,k

HARQp 3 (DL only) 12 RA,Cat2bis,k

RV 2 2 Cat3,k

16 CRC,k (UEID) 313 sc

UL - L UEs

12 Cat2,l

8 RA,Cat2bis,l

2 Cat3,l

16 CRC,l (UEID)

600 sc


Figure 5 – Separate Coding Tool using broadcast 4-bit GCI (QPSK R=1/3 with 3x rep.)




























































































































































































































































