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1. Introduction
In [1] and [2] we have introduced the combinatorial signaling method for the allocation of PRBs. In RAN1#49bis we presented the contribution [2] and during the following discussion information regarding the use of the method in the 5 MHz and 20 MHz bandwidths was requested. This contribution, which is a response to that request, discusses these issues and proposes a possible solution.
As pointed out in [2], there is a limited number of combinations for assigning resources when putting a few and simple limitations to the scheduling flexibility in terms of which resources can be assigned for a given UE. This is the basis for the combinatorial method.
To illustrate, we present the number of possible combinations possible for each amount of PRBs scheduled for a use in 5 and 20 MHz bandwidths. For details on how these values are obtained, please refer to [2].

The encoding and decoding procedures for the 5 MHz and 20 MHz will be basically the same as in the 10 MHz case and is described in [2].
2. 5 MHz case
For the 5 MHz case use the same switching point between the granularities as in the 10 MHz case. This will result in a total of 18 bits needed.

Table 1 Example of resource allocation signalling possibilities for different number of PRBs allocated. Note that the resolution stepping is increased when more than 5 PRBs are allocated. 5 MHz system BW considered.
	Number of PRBs allocated
	Allocation granularity
	Allocation placement possibilities
	Signalling possibilities
	Accumulated signalling possibilities for previous PRB allocation

	1
	1
	25
	25
	0

	2
	1
	25
	300
	25

	3
	1
	25
	2300
	325

	4
	1
	25
	12650
	2625

	5
	1
	25
	53130
	15275

	3
	2
	12
	220
	68405

	4
	2
	12
	495
	68625

	5
	2
	12
	792
	69120

	6
	2
	12
	924
	69912

	7
	2
	12
	792
	70836

	8
	2
	12
	495
	71628

	9
	2
	12
	220
	72123

	20
	1
	25
	53130
	72343

	21
	1
	25
	12650
	125473

	22
	1
	25
	2300
	138123

	23
	1
	25
	300
	140423

	24
	1
	25
	25
	140723

	25
	1
	25
	1
	140748

	Total amount of bits needed for signalling
	Ceil(log2(140749)
	18 (compared to 25)


3. 20 MHz case
For the 20 MHz case we show two examples using the combinatorial signalling method. In the first example, shown in Table 2, the allocations are made with granularity 1 and 2 as in the 10 MHz case [2]. In the second example shown in Table 3, we introduce an additional granularity of 4 for allocation sizes between 12 and 88.

Table 2 Example of resource allocation signalling possibilities for different number of PRBs allocated. Note that the resolution stepping is increased when more than 5 PRBs are allocated. 20 MHz system BW considered.

	Number of PRBs allocated
	Allocation granularity
	Allocation placement possibilities
	Signalling possibilities
	Accumulated signalling possibilities for previous PRB allocation

	1
	1
	100
	100
	0

	2
	1
	100
	4950
	100

	3
	1
	100
	161700
	5050

	4
	1
	100
	3921225
	166750

	5
	1
	100
	75287520
	4087975

	3
	2
	50
	19600
	79375495

	4
	2
	50
	230300
	79395095

	5
	2
	50
	2118760
	79625395

	6
	2
	50
	15890700
	81744155

	7
	2
	50
	99884400
	97634855

	8
	2
	50
	536878650
	197519255

	9
	2
	50
	2505433700
	734397905

	10
	2
	50
	10272278170
	3239831605

	11
	2
	50
	37353738800
	13512109775

	12
	2
	50
	121399651100
	50865848575

	13
	2
	50
	354860518600
	172265499675

	14
	2
	50
	937845656300
	527126018275

	15
	2
	50
	2250829575120
	1464971674575

	16
	2
	50
	4923689695575
	3715801249695

	17
	2
	50
	9847379391150
	8639490945270

	18
	2
	50
	18053528883775
	18486870336420

	19
	2
	50
	30405943383200
	36540399220195

	20
	2
	50
	47129212243960
	66946342603395

	21
	2
	50
	67327446062800
	114075554847355

	22
	2
	50
	88749815264600
	181403000910155

	23
	2
	50
	108043253365600
	270152816174755

	24
	2
	50
	121548660036300
	378196069540355

	25
	2
	50
	126410606437752
	499744729576655

	26
	2
	50
	121548660036300
	626155336014407

	27
	2
	50
	108043253365600
	747703996050707

	28
	2
	50
	88749815264600
	855747249416307

	29
	2
	50
	67327446062800
	944497064680907

	30
	2
	50
	47129212243960
	1011824510743707

	31
	2
	50
	30405943383200
	1058953722987667

	32
	2
	50
	18053528883775
	1089359666370867

	33
	2
	50
	9847379391150
	1107413195254642

	34
	2
	50
	4923689695575
	1117260574645792

	35
	2
	50
	2250829575120
	1122184264341367

	36
	2
	50
	937845656300
	1124435093916487

	37
	2
	50
	354860518600
	1125372939572787

	38
	2
	50
	121399651100
	1125727800091387

	39
	2
	50
	37353738800
	1125849199742487

	40
	2
	50
	10272278170
	1125886553481287

	41
	2
	50
	2505433700
	1125896825759457

	42
	2
	50
	536878650
	1125899331193157

	43
	2
	50
	99884400
	1125899868071807

	44
	2
	50
	15890700
	1125899967956207

	45
	2
	50
	2118760
	1125899983846907

	46
	2
	50
	230300
	1125899985965667

	47
	2
	50
	19600
	1125899986195967

	95
	1
	100
	75287520
	1125899986215567

	96
	1
	100
	3921225
	1125900061503087

	97
	1
	100
	161700
	1125900065424312

	98
	1
	100
	4950
	1125900065586012

	99
	1
	100
	100
	1125900065590962

	100
	1
	100
	1
	1125900065591062

	Total amount of bits needed for signalling
	Ceil(log2(1125900065591063))
	51


Table 3. Another example of resource allocation signalling where an additional granularity of 4 PRBs is used. The granularity of 4 used for allocation sizes between 12 and 88.. 20 MHz system BW considered. 

	Number of PRBs allocated
	Allocation granularity
	Allocation placement possibilities
	Signalling possibilities
	Accumulated signalling possibilities for previous PRB allocation

	1
	1
	100
	100
	0

	2
	1
	100
	4950
	100

	3
	1
	100
	161700
	5050

	4
	1
	100
	3921225
	166750

	5
	1
	100
	75287520
	4087975

	3
	2
	50
	19600
	79375495

	4
	2
	50
	230300
	79395095

	5
	2
	50
	2118760
	79625395

	3
	4
	25
	2300
	81744155

	4
	4
	25
	12650
	81746455

	5
	4
	25
	53130
	81759105

	6
	4
	25
	177100
	81812235

	7
	4
	25
	480700
	81989335

	8
	4
	25
	1081575
	82470035

	9
	4
	25
	2042975
	83551610

	10
	4
	25
	3268760
	85594585

	11
	4
	25
	4457400
	88863345

	12
	4
	25
	5200300
	93320745

	13
	4
	25
	5200300
	98521045

	14
	4
	25
	4457400
	103721345

	15
	4
	25
	3268760
	108178745

	16
	4
	25
	2042975
	111447505

	17
	4
	25
	1081575
	113490480

	18
	4
	25
	480700
	114572055

	19
	4
	25
	177100
	115052755

	20
	4
	25
	53130
	115229855

	21
	4
	25
	12650
	115282985

	22
	4
	25
	2300
	115295635

	45
	2
	50
	2118760
	115297935

	46
	2
	50
	230300
	117416695

	47
	2
	50
	19600
	117646995

	95
	1
	100
	75287520
	117666595

	96
	1
	100
	3921225
	192954115

	97
	1
	100
	161700
	196875340

	98
	1
	100
	4950
	197037040

	99
	1
	100
	100
	197041990

	100
	1
	100
	1
	197042090

	Total amount of bits needed for signalling
	Ceil(log2(197042091)
	28


4. Discussion and Conclusion
The provided examples show that this method is also feasible for the 5 MHz and 20 MHz bandwidths. Table 4 summarizes the performance for the different bandwidths. There are a few observations we can make. 
Table 4. Performance comparison of different band widths
	
	Uncoded PRB bitmap
	Coded
	Compression ratio

	5 MHz
	25
	18
	0.72

	10 MHz
	50
	26
	0.52

	20 MHz alternative 1
	100
	51
	0.51

	20 MHz alternative 2
	100
	28
	0.28


For the 5 MHz bandwidth the method provides a smaller relative gain than for the 10 and 20 MHz cases. This is not surprising because the number of bits to encode is smaller. Similar trends have been reported for other signaling methods as well. For very small bandwidths a full bitmap is probably the best alternative.
Comparing the 10 MHz and 20 MHz alternative 1 it can be seen that they have similar compression ratios due to the similar granularity properties. In alternative 2 the additional granularity of four is used and this pays off in a much smaller compression ratio. Even ifAdditional information on the combinatorial PRB allocation signalling method 20 MHz alternative 2 looks very attractive from a signaling point of view it should be noted that the coherence bandwidth of the system stays the same, even when we increase the system bandwidth. Thus, there might be some performance degradation when applying this approach to radio channels with high frequency selectivity.
20 MHz bandwidth allocation signaling could also be based on 10 MHz signaling with an extra bit selecting the upper or lower band. The scheme has a smaller signaling space but somewhat lower en(de)coding complexity.
It is emphasized that this contribution proposes a general method for PRB allocation signaling and the examples are provided for demonstration purpose. The performance of the method can be tuned by the selection of the granularities and positions of the granularity switching points. 

Given the algorithms and examples presented in this and previous documents, we have found that by approaching the PRB allocation signalling problem using combinatorial analysis, we can achieve significant savings while at the same time providing sufficient signalling flexibility in terms of frequency domain packet scheduling. Following this, we suggest that the signalling approach presented here is adopted for the PRB allocation signalling.
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