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1. Introduction

This contribution addresses mapping of E-UTRA L1/L2 control signaling onto uplink subframe resources. Dedicated resource allocations can be TDMed between UEs depending on e.g. subframe or HARQ channel process number.  Key issues of coverage, out of band (and channel) emissions, dynamic range, and control spectrum efficiency are considered in determining the desired uplink control mappings. The control signaling overhead analysis and mappings should be considered for the evaluation phase of the E-UTRA study item. 
2. UE control elements

The following control information elements are defined and considered in this paper (see Table 1):

1. ACK/NACK (1-2 bits),  FFS if Pr{ACK|NAK}(10-3 and Pr{NAK|ACK}(10-2
2. CQI (3+J x k/5 bits), using time decimated (progressive) and differential updates where k is carrier BW in MHz and J ranges from 3 to 8 depending on degree of decimation. For example:
a. 3-bits of 5-bit CQI and 1/3 of n-bit bitmap every 0.5 ms for CQI bitmap approach [2]
b. 3-bits of 5-bit CQI and 1/2 of n-bit bitmap every 1 ms for CQI bitmap approach 
3. Group Step Indicator (1-3 bits) – UE indicates desire to shift up or down in (e.g. VoIP) group hierarchy
4. MIMO feedback (FFS)  - feedback needed to support DL MIMO 
5. Tx Power Indicator (6-7 bits) – UE reports transmit power level it would use if scheduled (TPI)
6. Buffer Status Indicator (6-7 bits) – Buffer occupancy (size or rate of fill) and priority indicator (BSI)
7. Scheduling Request (1-3 bits + UE identity + BSI ?) – SR is used when no valid grant exists
8. Data Associated information (FFS if really needed)
a. Transport Format (6-8 bits),  
b. HARQ process # (3 bits),  
c. Redundancy version/Retransmission Sequence Number/New Data Indicator (2-3 bits)

Table 1 – Control Element Characteristics and required worst case support for carrier bandwidth k
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Transmission Types

Control element information sent on the uplink to support downlink data services can be assigned, in a persistent or one time only basis, two types of time and frequency resources (see Table 2):

1. Dedicated signaling resource
a. A UE control element is assigned a dedicated orthogonal resource in a given subframe
b. Dedicated resources can be TDMed between UEs or between UE control elements
2. Common signaling resource
a. A common resource in a subframe is shared among multiple UEs 
i. Rely on statistical multiplexing to reduce collisions/contention
ii. Use of orthogonal codes to mitigate collisions or support simultaneous transmissions

Table 2 – Possible Modulations used for Uplink Control Fields and whether targeted for L1 or L2.
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3. UL Control Format Options

Link budget wise, one subcarrier per DFT-SOFDM symbol for K symbols is better than assigning K subcarriers per DFT-SOFDM symbol as shown below.  The tradeoff of using more DFT-SOFDM symbols is more latency. 
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The uplink control channel design can also include frequency diversity as shown below in Figure 1 based on e.g., using two or more intra-subframe frequency shifted allocations per UE control element.
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Figure 1 – Frequency diversity allocation
Uplink subframe control mappings can be described by L= {Ninfo, 
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} where it is possible to show the benefits of frequency diverse and non-diverse allocations using the different control mappings.
Ninfo - Number of information bits,     Nref - Number of reference symbols in control resource
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Based on the analysis given above, the following uplink control format option examples are considered in Figures 2 based on a 5MHz carrier band (see [1] for more in depth link level analysis):

Option 1. Frequency Diversity Localized Allocation with distributed pilots and L={Ninfo,1,6,3} 
Option 2. Localized Allocation with distributed pilots and L={Ninfo,2,12,6}                   
For the different options the following observations can be made:
a. Out of band emissions is minimized by putting small per UE occupied bandwidth allocations on edge of carrier band resource blocks (Resource Blocks 1 and 12 in 5MHz case) as shown in Figure 2 and 3.
b. Low delay ACK/NACK with L={1,1,6,3} mapping (allocation) can be used for VoIP HARQ 
c. ACK or CQI location can be based on implicit information in scheduling grant (e.g. Cat1 order [4, 5]).

d. If > 1 packet (L2 PDU) per UE TTI then could use QPSK symbol to support two ACK/NACKs.
e. UEs supporting the VoIP service would only send ACKs and periodically send CQI or a modified CQI metric called GSI every e.g. 20 to 40 ms. A UEs GSI could be sent on a dedicated resource that is TDMed between UE members of a given group to further reduce control overhead.
f. UE TPI and BSI can be multiplexed with CQI once every 50 to 100 subframes for BE data services.
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Figure 2 - OPTION 1: Frequency Diversity Localized Allocation with two L= {Ninfo, 1, 6, 3} resources, and 

   OPTION 2: Localized Allocation, L= {Ninfo, 2, 12, 6}, 5MHz carrier example.
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Figure 3 – Uplink Control Signalling with its smaller Occupied BW is allocated to Edge of Carrier Band RBs to Minimize out of carrier band emissions from Data RBs and maximizes benefit of Frequency Diversity Control Channel allocations.
4. Control Overhead for Best Effort and VoIP
For a 5MHz E-UTRA carrier it can be shown that less than 5 UEs using the Web Browsing service need to be scheduled per 0.5 ms TTI to achieve maximum spectral efficiency. For the VoIP service up to 20 UEs may need to be packed per subframe to achieve close to maximum VoIP capacity for the same 5MHz carrier.  Therefore, 20 ACK/NACK resources need to be supported per 0.5ms TTI for a 5MHz carrier for VoIP and only 4 or 5 for Best Effort packet data services.  The maximum number of UEs that need to be supported per TTI (MUETTI) scales with bandwidth mode.
Table 3 – Unicast Subframe: #Control (C) or Data (D) Subcarriers/Symbol for 5MHz carrier
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Table 4 – Maximum UEs supported per subframe (MUETTI) and Control Resource allocation for 0.5ms TTI
	MUETTI Cases
(0.5ms TTI)
	Bandwidth

	
	1.25 MHz
	2.5 MHz
	5.0 MHz
	10.0 MHz
	15.0 MHz
	20.0 MHz

	DL Best Effort
	1-2
	2
	4
	8
	12
	16

	DL VoIP
	5  
	10 
	20 
	40
	60
	80

	UL Best Effort
	2
	4
	8
	16
	24
	32

	UL VoIP
	5
	10
	20
	40
	60
	80

	#Control SCs if 2 Tx antennas
	75+50
	150+100
	300+200
	600+400
	900+600
	1200+800

	BE Traffic only DL Control Regions*
	1 - 40sc 3x 

or 3-40sc 1x

A/N - 2sc
	1 - 40sc 3x

3 - 40sc 1x

A/N - 4sc
	1 - 40sc 3x

9 - 40sc 1x

A/N - 8sc
	2 - 40sc 3x

18 -40sc 1x

A/N - 16sc
	3 - 40sc 3x

27 -40sc 1x

A/N - 24sc
	4 - 40sc 3x

36 -40sc 1x

A/N - 36sc

	VoIP Traffic only DL Control Regions
	A/N - 15sc
TXI - 15sc
	- 30sc
- 30sc 
	- 60sc
- 60sc
	- 90sc
- 90sc
	- 120sc
- 120sc
	- 180sc
- 180sc


*Note that the aggregate of the BE Traffic only resources could be used to jointly code all control information. Equal allocations of resources per UE are shown but allocations could differ by using AMC control regions.
Downlink Control for Grouping (VoIP)
For VoIP the group ACK/NACK channels (A/N) in a subframe are broadcast so that all UEs in that group can decode them. The same is true for the Transmission Indicator bitmap (TXI) which indicates which UEs will receive a transmission on the DL common group resource.  The Broadcast ACK/NACK channels form a bitmap from which grouped UEs determine a) if they should transmit or not on the uplink for both 1st and retransmissions and b) how to break up the common group resource between them and the MCS to use.  The TXI serves this latter function as well for DL transmissions where each UE group member can infer what fraction of the common group allocation is used and what MCS is chosen by the Node-B.

Uplink Control

ACK/NACK resources in uplink subframes can be TDM’d between UEs for different HARQ channel processes. Instead of using CQI the VoIP UEs can feedback a per UE Group Step indicator (GSI) to move its membership up or down in the group hierarchy. Each group corresponds to a given CQI range. Such a GSI resource can also be multiplexed between UEs such that only one such resource is needed per subframe. In this case the GSI update rate for each UE is on the order of 20 to 40ms.
5. Dynamic Range Issues
Constraining received signal level dynamic range at the Node-B is a major issue with regard to:
1) SINR limitation from out of band (channel) emissions due to adjacent channels – (See Figure 4)
2) Large power control dynamic range requirements (e.g. 80dB) 
Possible solutions include:

1) Segregating UE’s by channel quality such that UE’s with poor channels provide feedback on different subframes than UEs with good channels (e.g. odd and even subframes).

2) Performing Interference avoidance for control and data transmissions in the time domain using multiple subframes
[image: image14.emf]-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

5

-10 -8 -6 -4 -2 0 2 4 6 8 10

Frequency (MHz)

Normalized PSD (dB/MHz)

Full BW PSD (dBm/MHz)

1/4 BW PSD (dBm/MHz), CH2

1/4 BW PSD (dBm/MHz), CH1

1/4 BW PSD (dBm/MHz), CH4

1/4 BW PSD (dBm/MHz), CH3

Es/Nt{QPSK,0.56}     = 2.68 dB

Es/Ne_equalpwr       =  27.0dB

Es/Ne_-30dBpwr      = -2.94dB

Es/(Nt+Ne)_equalpwr     =  2.67 dB 

Es/(Nt+Ne)_-30dBpwr    = -0.20 dB

Target Es/Nt 

cannot be reached 

due to low Es/Ne

N

e

 represents 

interference from 

adjacent out of 

channel emissions.

5MHz Carrier with 4 channels allocated of 1.125MHz each

Shannon Bound 

Es/Nt=2

(2*0.56/0.74)

-1

         = 1.855 (2.68dB)

Ch 1 Ch 4 Ch 3

Ch 2


Figure 4 – Interference from Out of Channel emissions limit Es/(Nt+Ne) of weaker signal on Channel 2.
Figure 5 and 6 summarize uplink control signaling and the segregation of UEs based on their channel condition to minimize uplink dynamic range issues and avoid adjacent out of channel emission problems.  
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Figure 5 – Resource allocation of  (TDM’d) control elements for data UEs with good or poor channel conditions
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Figure 6 – Resource allocation of control elements for VoIP UEs with good and poor channel conditions

6. Conclusion

Major points considered in this contribution with regard to control signaling are:

1) From a link budget perspective it is better to allocate N DFT-OFDM symbols with 1 subcarrier each than one DFT-SOFDM symbol with N subcarriers in terms of uplink control mapping.  
2) Two methods of addressing UL received signal level dynamic range are:
a. Segregating UE’s by channel quality such that UE’s with poor channels provide feedback on different subframes than UEs with good channels (e.g. odd and even).

b. Performing Interference avoidance for control and data transmissions in the time domain using multiple subframes
i. Avoids SINR limitation from out of band (channel) emissions

ii. Partially mitigates large power control dynamic range requirements (e.g. 80dB)
3) Allocation of control channels with their small occupied bandwidth to carrier band edge resource blocks reduces out of carrier band emissions cause by data resource allocations on inner band resource blocks and maximizes the frequency diversity benefit for frequency diverse control channel allocations.
4) A modified CQI metric called the 3-bit Group Step Indicator (GSI) allows a UE to signal the desire to move up or down in the group hierarchy every e.g. 20 ms where each group corresponds to a specific CQI range.
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9.1.1.2.3
Multiplexing of L1/L2 control signaling
There are two types of L1 and L2 control-signaling information:

· data-associated signaling (e.g., transport format and HARQ information), which is associated with uplink data transmission, and

· data-non-associated signaling (e.g., CQI and/or ACK/NACK due to downlink transmissions, and scheduling requests for uplink transmission).

Furthermore, three multiplexing combinations for the uplink pilot, data, and L1/L2 control signaling within a sub-frame are considered for a single UE:

· Multiplexing of pilot, data, and data-associated L1/L2 control signaling 

· Multiplexing of pilot, data, and data-associated and data-non-associated L1/L2 control signaling 

· Multiplexing of pilot and data-non-associated L1/L2 control signaling 

In single-carrier FDMA radio access, time-domain multiplexing is used for the above-mentioned three multiplexing combinations as shown in Figure. 9.1.1.2.3-1, in order to retain the advantageous single-carrier feature with a low PA power de-rating.

Figure. 9.1.1.2.3-2 shows a multiplexing scheme for L1/L2 control signaling, data, and pilot. In Figure 9.1.1.2.3-2(a), both data-associated and data-non-associated control signaling are time-multiplexed with data and pilot within the sub-frame. Furthermore, the data-associated and data-non-associated control signalings from multiple UEs are multiplexed in the frequency or/and code domains associated with multiple pilot channels. In Figure 9.1.1.2.3-2(b), the data-associated control signaling is time-multiplexed with data similar to the case in Figure 9.1.1.2.3-2(a). The data-non-associated control signaling can also be time-multiplexed with data if UE has UL data transmission. Meanwhile, the data-non-associated control signaling for UEs that transmits only the L1/L2 control, is multiplexed exclusively in a semi-statically assigned time-frequency region. The data-non-associated control signaling of different UEs is multiplexed using the frequency/time/code domain or a hybrid of them within the assigned time-frequency region. The exclusive time-frequency region can be separated into two frequency-time resources. First part can contain data-non-associated control signaling without user identification, e.g. ACK/NACK, and the second part can contain the one with user identification. The possibility for multiplexing of data-non-associated control signaling with data channel by exclusive frequency resource, i.e., frequency-multiplexing, is FFS.
The amount of overhead due to the L1 and L2 signaling and the exact mapping to the time-frequency resources needs further investigation. 
L1/L2 control signaling with its small occupied bandwidth should be mapped to carrier band edge resource blocks to:
· reduce out of carrier band emissions from data resource allocations on inner band resource blocks

· maximize the frequency diversity benefit of frequency diverse L1/L2 control signalling allocations
Segregating UE’s by channel quality and mapping them to different subframes helps minimize received signal dynamic range at the Node-B receiver and thereby minimizes required power control dynamic range and improves signaling reception by increasing Es/Ne where Ne is interference from adjacent out of channel emissions.
Note that Figure 9.1.1.2.3-2 (a) - (b) show localized allocation only but the multiplexing options described above are also applicable to distributed allocation.
--- End of Text Proposal ---
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