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1
Introduction
In the dynamic scheduling mode, the PDCCH indicates the RB allocation wherein the associated PDSCH and/or PUSCH are transmitted. Note that this allocation can be either for downlink or uplink.

Given the concept of VRB, the PDCCH should indicate the VRB allocation, with the VRB(PRB mapping provided elsewhere.

This document, reiterates the issue of how should the PDCCH allocate the VRB in downlink and uplink?
[1] showed the analysis of the number of bits required for different approaches, namely, bitmap, contiguous, tree-based and the corresponding island-based variations of the previous ones.
2
VRB Allocation in PDCCH
The total number of VRBs has a large dynamic range in E-UTRA:

· Nominal range is from 6 to 100

· Corresponding to “1.25” and “20” MHz numerologies

· The exact range is from 6 to 110 according to TS 36.211
In the bit-map approach, the number of bits needed to indicate the VRB allocation equals the number of VRBs.

An efficient way of indicating the VRB allocation is to indicate the starting point and number of VRBs. Therefore the total number of bits needed equals ceil(log2(N*(N+1)/2)). This is identical to the approach adopted in HSDPA, wherein the allocation of OVSF codes (out of 15 possible codes) was done using 7-bits.
The number of bits needed to indicate the VRB allocation is shown in Table 1:

	Bandwidth
	Number of Bits

	
	Bit-Map
	Starting Point

Plus

Number of VRBs

	1.08 MHz
	6
	5

	4.5 MHz
	25
	9

	9 MHz
	50
	11

	18 MHz
	100
	13

	25.5 MHz
	170
	14


Table 1
Number of Bits needed for VRB allocation
It is seen that as the bandwidth increases, there is a significant reduction in the number of bits needed for VRB allocation by using the starting point + number of VRBs based approach.
One can foresee several arguments on this topic.

For large bandwidth operation, the bit-map approach can be modified with a variable minimum allocation, with RT users allocation in increments of 1 RB and BE users allocation in increments of M*RB

This might look like a compromise solution, but has other drawbacks. For instance, let us assume the following:
· Number of VRB allocated to RT users = Nr

· Number of VRB allocated to BE users = Nb =  N-Nr

· The total number of bits needed on PDCCH = Nr + ceil(Nb/M)
The number of bits is shown in Table 2.
	(Nr, N)
	Number of Bits

	
	M = 4
	M = 6

	(6, 25)
	11
	10

	(12, 50)
	22
	19

	(25, 100)
	44
	38


Table 2
Number of Bits needed for VRB allocation
We observe the following:
· For large bandwidth, the number of bits is still fairly substantial. 
· This structure has a direct impact on VoIP capacity due to one of following reasons:

· Restriction of using at most Nr VRBs
· Padding overhead if some of the Nb VRBs are used
3
Island based VRB Signaling

In attempt to reduce the overhead of VRB signalling and yet retain some of the flexibility of the bit-map approach [1] presented the overhead analysis of the so-called allocation by islands. This allocation scheme operates as follows:
· Total bandwidth is divided into S islands
· VRB signaling is done per island
We will use the following notation throughout :
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[1] showed that for contiguous allocations per island (structure A), the number of bits needed equals:
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[1] also showed that for a “tree-based” allocation per island (structure B), the number of bits needed equals:
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Table 3 summarizes these numbers for system bandwidths ranging from 5MHz to 20MHz and for a minimum allocation of 1 RB. Table 4 shows the same for a minimum allocation of 2 RBs. 
	Bandwidth
	Number of Bits

	
	Bit-Map
(M = 1)
	Structure A

(M = 1)
	Structure B

(M = 1)

	
	
	S = 1
	S = 5
	S = 1
	S = 5

	4.5 MHz
	25
	9
	20
	6
	17

	9 MHz
	50
	11
	30
	7
	22

	18 MHz
	100
	13
	40
	8
	27


Table 3

Comparison – M = 1

	Bandwidth
	Number of Bits

	
	Bit-Map
(M = 2)
	Structure A

(M = 2)
	Structure B

(M = 2)

	
	
	S = 1
	S = 5
	S = 1
	S = 5

	4.5 MHz
	13
	7
	-
	5
	-

	9 MHz
	25
	9
	20
	6
	17

	18 MHz
	50
	11
	30
	7
	22


Table 4

Comparison – M = 2

It is seen that structure B significantly reduces the PDCCH overhead, while still retaining the ability to signal non-contiguous VRBs in downlink.

For uplink, due to single carrier waveform, structure A with S=1 is clearly preferred.

4
Conclusions

From the simulations in the Appendix and the analyses in the previous sections, the following conclusions can be drawn:

· The performance difference between the contiguous and tree-based allocation and the bitmap approach shrinks with the introduction of the island based allocation

· The performance difference shown in this contribution is ~4% in favour of the bitmap approach for a system bandwidth of 10MHz

· It is important to note that the relative performance between the bitmap approach and the island-based tree-based approach is expected to favour the island-based approach for larger bandwidths (20MHz). 
· The bitmap approach provides a straight forward indication of resources, however, it does scale well for larger bandwidths. This is something to keep in mind especially for even larger bandwidths than those considered in the current release of LTE. 

· Small RB allocations are supported by all the allocation strategies. While the signalling overhead can be reduced by having a larger value of the minimum resource assignment (value of M in the analysis), this impacts the way the small allocations are handled by either fragmenting the spectrum by minimum allocation size or by precluding the smallest allocation sizes.

· Frequency diverse transmissions are achieved by indicating VRBs in the allocation as opposed to PRBs. The transmission over multiple islands for larger DL allocations also provide frequency and interference diversity. 

In summary, we propose the following principles be adopted for E-UTRA:
· VRB signaling for downlink assignments
· Island based with tree-based structure

· The values of (S, M) indicated in D-BCH
· VRB tree nodes indicated in PDCCH
· VRB signaling for uplink assignments

· VRB starting point and number of VRBs indicated in PDCCH

· S is always equal to 1
Reference
[1] 3GPP TR 25.814, Physical layer aspects for evolved UTRA.
Annex A: Simulations

In this section, we compare the DL system level performance difference between the following schemes:

· Bit map approach

· Structure A

· Contiguous VRB approach

· S = {1, 5}

· Structure B

· Tree structure VRB approach

· S = {1, 5}
A.4.1
Simulation Assumptions

The simulation assumptions are in line with ‎[1].   The main simulation assumptions are specified in the following table.

	Parameter
	Explanation/Assumption

	Cellular layout
	19 Node-B, 3-cell sites wraparound

	Number of UEs per Sector
	{5,10,15, 20}

	Antenna horizontal pattern
	70 deg (-3 dB) with 20 dB front-to-back ratio for Macro

0dBi omni for Micro 

	Antenna Gain
	14 dB (Macro)

	Power allocated to data transmission
	100 % of total cell power

	HARQ scheme
	IR 

	Max number of transmissions
	3

	Number of HARQ interlaces
	6

	BS total Tx power
	46 dBm

	TTI length
	1 ms

	Bandwidth
	10 MHz

	Sampling frequency
	15.36 MHz

	FFT size
	1024

	Number of occupied subcarriers
	600

	Number of OFDM symbols per TTI
	14

	Number of subcarriers per RB
	12

	Number of islands
	{5,10,25}

	Number of RBs per island for CQI feedback
	{10, 5, 2} for {5,10,25} islands

	Antenna Configurations
	1x2

	Specific fast fading model
	Urban Macro SCM specified modelling [2] with TU delay profile and D1 Propagation model 

	Inter-cell interference modelling
	Serving cell and the three strongest interfering cells have all multipaths modelled. Remaining cells are modelled as single path Rayleigh fading

	Link to system interface
	20 AWGN curves used along with the corresponding payload adjustment; Constrained Capacity ESNR method to calculate supportable data rate and PER

	CQI feedback delay
	2 ms

	CQI reporting scheme
	Cycling through the islands (1 island per 1ms) 

	CQI reporting granularity in frequency
	Reported per island

	MCS selection
	<=10% of the raw BLER + Backoff (adjusted with an outer-loop as specified in Appendix)

	Receiver Configuration
	LMMSE

	Warmup Duration [s]
	1.5

	Simulation Duration [s] (over 57 cells)
	10


Table 5  Simulation Assumptions
A.4.1.1
Overhead Modeling
The total overhead considered in this set of simulations accounts for downlink RS, PBCH and SCH. A constant overhead of (4/6 OFDM symbol per TTI) corresponding to 50 ACK channels for 10MHz bandwidth. We also consider the first 3 OFDM symbols of each TTI are used for control signalling. This corresponds to value of n =3 in the CCFI signaling. Table 6 lists the configurations that we simulate for this contribution. 

	Overhead (OFDM symbols / TTI)
	3.65

	Number of control OFDM symbols
	3

	Number of REs per PDCCH
	72

	Max # UEs scheduled
	16


Table 6 Additional simulation assumptions regarding the overhead
The power limitations for the ACK channels and the UL and DL PDCCH assignments are accounted for in the first 3 control symbols. The 1% FER Es/Nt thresholds for the approaches considered in this contribution are listed in the following table. The number of tones considered for PDCCH is 72 in all cases. The 0.1% BER Es/Nt threshold considered for ACK channel is -3.6 dB. 

	
	Number of tones
	Payload Size (bits)
	1%  FER Es/Nt Threshold (dB)

	Tree structure (1 island)
	72
	37
	0.5

	Contiguous allocation (1 island)
	72
	40
	0.8

	Tree structure (5 islands)
	72
	48
	1.8

	Contiguous allocation (5 islands)
	72
	51
	2.1

	Bitmap approach
	72
	56
	2.6


Table 7 
Es/Nt threshold for PDCCH for different allocation schemes
A.4.1.2
Scheduling
As mentioned in previous section the bandwidth and power limitations for both UL and DL assignments are modelled in the simulations. For uplink assignments is it assumed that a Round-Robin scheduler is employed. The power and bandwidth allocation for UL and DL assignments is shared and in the simulation at each iteration we switch between the UL and DL scheduler in a uniformly random manner. 

Also the scheduler takes into account the limit on the maximum number of available PDCCHs in scheduling UEs. For the non bitmap approaches the restrictions on the allocated resource to the UE is also considered by the scheduler. A more detailed description of the scheduling scheme is provided in Annex B.
A.4.2
Results

Tables 8-10 show the sector spectral efficiency of tree, contiguous and bitmap allocation approach for different amount of CQI reporting granularity and for one island, i.e. S=1.

	Num UEs/ Sector
	Spec. Eff. [bps/Hz] 
(Tree based approach)
	Spec. Eff. [bps/Hz] 
(contiguous approach)
	Spec. Eff. [bps/Hz] (bitmap approach)

	5
	1.321
	1.349
	1.389

	10
	1.381
	1.456
	1.476

	20
	1.421
	1.529
	1.536


Table 8 
S = 1 – CQI Feedback Granularity = 10 RB
	Num UEs/ Sector
	Spec. Eff. [bps/Hz] 
(Tree based approach)
	Spec. Eff. [bps/Hz] 
(contiguous approach)
	Spec. Eff. [bps/Hz] (bitmap approach)

	5
	1.299
	1.303
	1.432

	10
	1.339
	1.456
	1.538

	15
	1.347
	1.493
	1.572

	20
	1.370
	1.538
	1.617


Table 9 
S = 1 – CQI Feedback Granularity = 5 RB
	Num UEs/ Sector
	Spec. Eff. [bps/Hz] 
(Tree based approach)
	Spec. Eff. [bps/Hz] 
(contiguous approach)
	Spec. Eff. [bps/Hz] (bitmap approach)

	5
	1.261
	1.226
	1.473

	10
	1.270
	1.332
	1.587

	15
	1.285
	1.359
	1.622

	20
	1.310
	1.400
	1.667


Table 10 

S = 1 – CQI Feedback Granularity = 2 RB
It can be seen that the performance loss of tree based and contiguous approaches compared to the bit-map approach for 2 RB CQI feedback granularity is large (~ 16%). To retain some of the flexibility of the bit-map approach we consider the performance of the island based approach.

Table 11 summarizes the sector spectral efficiency of different structures for CQI feedback granularity of 2RB and for different number of UEs/ sector.

	Num UEs

/Sector
	Bitmap approach
	Contiguous approach
(5 island)
	Tree based approach
(5 island)


	Contiguous approach 

(1 island)
	Tree based approach
(1 island)



	5
	1.473
	1.441
	1.424
	1.226
	1.261

	10
	1.587
	1.569
	1.525
	1.332
	1.270

	15
	1.622
	1.604
	1.593
	1.359
	1.285

	20
	1.667
	1.649
	1.636
	1.400
	1.310


Table 11  

S = 5 – CQI Feedback Granularity = 2 RB

Based on the above result we can see that the performance of both tree based approach and contiguous approach with 5 islands, i.e. S=5, is very close to that of the bit-map approach. The spectral efficiency loss in these approaches is below 4%. 
The Fairness curves for different approaches and different number of UEs / sector are provided in Annex C.

Annex B. Scheduling
The following figure shows the details of scheduling. The downlink scheduler, iteratively choose the best (UE, VRB) pair that satisfies the restrictions of the resource control signalling (e.g., contiguity or the tree structure compatibility).
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Figure 5 Description of the Scheduler
Annex C. Fairness Curves

This section presents the long term fairness curves for each of the simulated scenarios and for 10, 20 UEs/Sector ( The trend is the same for 5 , 15 UE/Sector simulations).
As can be seen from Figures 6, 7, and 8, there is no noticeable difference across the different simulated scenarios. 
[image: image5.emf]0

0.2

0.4

0.6

0.8

1

1.2

0 0.5 1 1.5 2 2.5 3

Normalized Throughput

CDF

Contig.(S=1) 10UE Bitmap 10UE

Contig.(S=1) 20UE Bitmap 20UE

Tree (S=1) 20UE Tree (S=1) 10UE

Contig. (S=5) 10UE Contig. (S=5) 20UE

Tree (S=5) 10UE Tree(S=5) 20UE


Figure 6 Fairness Curves for 25 islands
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Figure 7 Fairness curves for 10 islands
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Figure 8 Fairness for 5 islands
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