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[bookmark: _Ref503504522]Introduction
During RAN2#107bis, enhancements to CG to handle misalignment between traffic periodicity and CG periodicity were discussed. There was some support in specifying a pattern such as only the needed resources are configured. In this contribution, we detail further how this can be done in a simple way.
Discussion
We aim to define a quasi-periodic pattern as in blue in R2-1913622, matching arbitrary periodicities with a given latency. There are several options to realize such pattern. In our view, the existing CG/SPS formula could be easily enhanced such as it selects resources from a boundary resource pattern (used for alignment), as follows.
Baseline formula
It was already agreed that CG periodicities no longer dividing the hyperframe length will be supported. The baseline formula should be the one from LTE, as follows:
After an uplink grant is configured for a configured grant Type 2, the MAC entity shall consider sequentially that the Nth uplink grant occurs associated with the symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] = 
[Ref_symbol in HF + N × periodicity] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
where 
- 	Ref_symbol in HF: SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time
-	periodicity = 2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 2560, 5120} in symbols.

Generalized formula
It is proposed that periodicity can be extended to better match traffic periodicities, e.g. periodicities such as 104Hz or 60Hz. Periodicity would then be a rational number of symbols. 
The formula can be modified to select the closest resource from an allowed resource boundary pattern. The resource boundary periodicity allows fulfilling a required latency, while the resource boundary periodicity offset allows to time multiplex CG configurations.
After an uplink grant is configured for a configured grant Type 2, the MAC entity shall consider sequentially that the Nth uplink grant occurs associated with the symbol for which:
[(SFN × numberOfSlotsPerFrame × numberOfSymbolsPerSlot) + (slot number in the frame × numberOfSymbolsPerSlot) + symbol number in the slot] = 
[ ] modulo (1024 × numberOfSlotsPerFrame × numberOfSymbolsPerSlot)
Where 
-	Ref_symbol in HF: SFNstart time × numberOfSlotsPerFrame × numberOfSymbolsPerSlot + slotstart time × numberOfSymbolsPerSlot + symbolstart time
-	periodicity: CG averaged periodicity, extended to rational number of symbols
-	Rperiodicity: Resource boundary periodicity, in symbols
-	Roffset: Resource boundary offset, in symbols. 0<= Roffset < Rperiodicity
The Ref_symbol in HF + N × periodicity  is now no longer aligned on a symbol boundary. In the figure below it corresponds to time instants Unaligned CG N=0,1, etc. The green part is just rounding up (aligning) this time instant to the next resource boundary from a newly introduced resource boundary pattern. 



Such alignment formulas are very common in RAN1 specifications (e.g. to derive VRBs). There is no ambiguity and no complexity associated to it. It is similar to the problem of drawing a line on a screen with arbitrary slope (selecting the closest pixel) which has no computational issues (it can be implemented without division operation).
As a baseline, the resource boundary pattern can be configured with the same granularity of Rel-15 CG. 
The generalized formula fallbacks to legacy formula if the ressource boundary pattern matches all symbols (Rperiodicity =1, Roffset =0), i.e. whenever it is not configured.
The HARQ offset formula remains valid with extended periodicities. The different HARQ process IDs are successively used except at SFN rollover. The SFN rollover HARQ process ID issue is not linked to non-integer periods, but to periods not dividing the HF. In LTE it was discussed and considered  scarce enough to not be addressed.
The resource boundary pattern is also useful even for integer periods. Assuming the gNB needs to accommodate a traffic A with periodicity 11ms, maximum latency 5ms. We assume a time ressource granularity of 1ms. 
The gNB may use a CG A with the new periodicity of 11ms to avoid ressource waste. However, this would “consume” all the time offsets with a granularity of 1ms (this will be the case for e.g. all prime number periodicities). Assuming now the gNB needs to accommodate a traffic B with periodicity Xms (different from 11ms period or multiple thereof), this is no longer possible without collisions. 
Conversaly, the NW can use an enhanced CG A with periodicity 11ms and a  resource boundary pattern of periodicity 5ms. The latency is fullfilled, and the NW may still time multiplex traffic B.
In the Annex, we compare this approach with “cyclic SPS/CG shifting”, and  indicate results of the above formula for different examples. 



Conclusion
We make the following observations and proposals:
Observation 1: A resource boundary pattern can easily address non-integer periodicities for CG/SPS
Observation 2: A resource boundary pattern is also useful for easing time multiplexing while using newly agreed integer periodicities (especially prime numbers periodicities) 
Proposal 1: Introduce a resource boundary pattern to align CG/SPS opportunities, according to formula above
Proposal 2: Extend CG/SPS periodicities to better match TSC periodicities (e.g. in Hz or us)
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Annex – Comparison with “cyclic SPS/CG shifting”
In [3], an approach called cyclic SPS/CG shifting is proposed.
In this approach, the SPS/CG pattern is configured with an existing integer value periodicity, and shifted according to some conditions in the formula via using new parameters A, B and shift.
This yields an averaged periodicity which can be matched with TSC periodicity, such as (configured fields in green)
TSCPeriodicity  =  IntegerPeriodicity + Shift * A/B
Instead, the approach above would directly configure TSCPeriodicity, as well as Ressource Boundary Period/Offset, but the resulting occasions are the same.
In our view, using TSCPeriodicity, as well as Ressource Boundary Period/Offset is simpler as:
- the “cyclic shifting” formula introduces complexity, e.g. it is recursive and there is no way to e.g. derive quickly “what is the Nth occasion”
- RRC configuration parameters A/B are a bit obscure: as can be seen from the formula above, they are linked to the TSC periodicity, but it makes more sense to just indicate the desired TSC periodicity
- the “cyclic shifting” needs an existing close IntegerPeriodicity already supported. For instance to support 3Hz (333.333ms), then periodicity of 333ms needs to be supported. That would restrict possible periodicities.
- with “cyclic shifting”, the HARQ Process ID formula would use the IntegerPeriodicity. The resulting HARQ Process IDs are not incrementing (modulo #Processes) as expected for each occasion. There is no such problem when using directly the TSCPeriodicity as proposed in this contribution.

[bookmark: _GoBack]Annex – Examples
A) 104 Hz (9.615ms) , 0.5ms latency
	Numerology
	

	SlotDurationInMs
	1.000

	
	

	Configured Grant
	

	Ref (Symbol in HF)
	0.000

	Periodicity (Ms)
	9.615

	Periodicity (Symbols)
	134.615

	
	

	Resource Boundary Pattern

	Rperiod (ms)
	0.500

	Rperiod (Symbols)
	7.000

	Roffset (Symbols)
	0.000



	N
	UCG (Slot in HF)
	CG (Slot in HF)
	Delta between CG  (ms)
	Latency 
UCG to CG (ms)

	0
	0.000
	0
	0
	0.000

	1
	9.615
	10
	10
	0.385

	2
	19.231
	19.5
	9.5
	0.269

	3
	28.846
	29
	9.5
	0.154

	4
	38.462
	38.5
	9.5
	0.038

	5
	48.077
	48.5
	10
	0.423

	6
	57.692
	58
	9.5
	0.308

	7
	67.308
	67.5
	9.5
	0.192

	8
	76.923
	77
	9.5
	0.077

	9
	86.538
	87
	10
	0.462

	10
	96.154
	96.5
	9.5
	0.346

	11
	105.769
	106
	9.5
	0.231

	12
	115.385
	115.5
	9.5
	0.115

	13
	125.000
	125
	9.5
	0.000

	14
	134.615
	135
	10
	0.385

	15
	144.231
	144.5
	9.5
	0.269

	16
	153.846
	154
	9.5
	0.154

	17
	163.462
	163.5
	9.5
	0.038

	18
	173.077
	173.5
	10
	0.423

	19
	182.692
	183
	9.5
	0.308

	20
	192.308
	192.5
	9.5
	0.192

	21
	201.923
	202
	9.5
	0.077

	22
	211.538
	212
	10
	0.462

	23
	221.154
	221.5
	9.5
	0.346





B) 13 ms, 5ms latency
	Numerology
	

	SlotDurationInMs
	1.000

	
	

	Configured Grant
	

	Ref (Symbol in HF)
	0.000

	Periodicity (Ms)
	13.000

	Periodicity (Symbols)
	182.000

	
	

	Resource Boundary Pattern

	Rperiod (ms)
	5.000

	Rperiod (Symbols)
	70.000

	Roffset (Symbols)
	0.000



	N
	UCG (Slot in HF)
	CG (Slot in HF)
	Delta between CG  (ms)
	Latency 
UCG to CG (ms)

	0
	0.000
	0
	0
	0.000

	1
	13.000
	15
	15
	2.000

	2
	26.000
	30
	15
	4.000

	3
	39.000
	40
	10
	1.000

	4
	52.000
	55
	15
	3.000

	5
	65.000
	65
	10
	0.000

	6
	78.000
	80
	15
	2.000

	7
	91.000
	95
	15
	4.000

	8
	104.000
	105
	10
	1.000

	9
	117.000
	120
	15
	3.000

	10
	130.000
	130
	10
	0.000

	11
	143.000
	145
	15
	2.000

	12
	156.000
	160
	15
	4.000

	13
	169.000
	170
	10
	1.000

	14
	182.000
	185
	15
	3.000

	15
	195.000
	195
	10
	0.000

	16
	208.000
	210
	15
	2.000

	17
	221.000
	225
	15
	4.000

	18
	234.000
	235
	10
	1.000

	19
	247.000
	250
	15
	3.000

	20
	260.000
	260
	10
	0.000





C) 1200Hz, 0.5ms latency

	Numerology
	

	SlotDurationInMs
	1.000

	
	

	Configured Grant
	

	Ref (Symbol in HF)
	0.000

	Periodicity (Ms)
	0.833

	Periodicity (Symbols)
	11.667

	
	

	Resource Boundary Pattern

	Rperiod (ms)
	0.500

	Rperiod (Symbols)
	7.000

	Roffset (Symbols)
	0.000




	N
	UCG (Slot in HF)
	CG (Slot in HF)
	Delta between CG  (ms)
	Latency 
UCG to CG (ms)

	0
	0.000
	0
	0
	0.000

	1
	0.833
	1
	1
	0.167

	2
	1.667
	2
	1
	0.333

	3
	2.500
	2.5
	0.5
	0.000

	4
	3.333
	3.5
	1
	0.167

	5
	4.167
	4.5
	1
	0.333

	6
	5.000
	5
	0.5
	0.000

	7
	5.833
	6
	1
	0.167

	8
	6.667
	7
	1
	0.333

	9
	7.500
	7.5
	0.5
	0.000

	10
	8.333
	8.5
	1
	0.167

	11
	9.167
	9.5
	1
	0.333

	12
	10.000
	10
	0.5
	0.000

	13
	10.833
	11
	1
	0.167

	14
	11.667
	12
	1
	0.333

	15
	12.500
	12.5
	0.5
	0.000

	16
	13.333
	13.5
	1
	0.167

	17
	14.167
	14.5
	1
	0.333

	18
	15.000
	15
	0.5
	0.000





oleObject1.bin
Unaligned CG 
N=1


Time Reference (SFN0 boundary)



image1.emf
Time Reference

(SFN0 boundary)

Unaligned CG 

N=0

Ref_symbol in HF

Time

UL Grant 

Configured 

& Used

UL grant not 

configured 

(hence unused)

Resource Boundary 

Period

CG (averaged) Periodicity

Unaligned CG 

N=1

Unaligned CG 

N=2

Resource Boundary 

Offset

Unaligned CG 

N=3



3GPP TSG


-


RAN WG2 Meeting #10


8


 


R2


-


1916230


 


Reno


, 


USA


, 


November


 


14


th


 


-


 


18


th


 


201


9


 


Revision


 


of 


R2


-


1913622


 


 


 


Agenda item:


 


6.7.2.2.1


 


Source: 


 


Sequans Communications


 


 


T


itle:


 


 


CG/SPS alignment 


on Resource Boundary Pattern


 


Document for:


 


Discussion


 


and Decision


 


1.


 


Introduction


 


During RAN2#107bis, enhancements to CG to handle 


misalignment


 


between traffic periodicity and CG periodicity 


were discussed. There was some support in specifying a pattern such as only the needed resources are configured. 


In 


this contribution, we detail further 


how this can be done in a simple way


.


 


2.


 


Discussion


 


We aim to define 


a quasi


-


periodic pattern as in blue 


in


 


R2


-


1913622


, matching arbitrary periodicities with a given 


latency.


 


There are several options to realize such pattern. In our view, the existing CG/SPS formula could be easily 


enhanced such as it selec


ts resources from a 


boundary 


resource pattern


 


(used for alignment)


, as follows.


 


Baseline formula


 


It was already agreed 


that


 


CG periodicities no longer dividing 


the


 


hyperframe length will be 


supported


. The baseline 


formula should be the one from LTE, as fol


lows:


 


After an uplink grant is configured for a configured grant Type 2, the MAC entity shall consider sequentially that the 


N


th


 


uplink grant occurs associated with the symbol for which:


 


[(SFN 


×


 


numberOfSlotsPerFrame


 


×


 


numberOfSymbolsPerSlot


) + (slot number in the frame 


×


 


numberOfSymbolsPerSlot


) + symbol number in the slot] = 


 


[


Ref_symbol in HF


 


+ N 


×


 


periodicity


] modulo 


(


1024


 


×


 


numberOfSlotsPerFrame


 


×


 


numberOfSymbolsPerSlot


)


 


where 


 


-


 


 


Ref_symbol in HF: 


SFN


start time


 


×


 


numberOfSlotsPerFrame


 


×


 


numberOfSymbolsPerSlot


 


+ slot


start time


 


×


 


numberOfSymbolsPerSlot


 


+ symbol


start time


 


-


 


periodicity = 


2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280, 


2560, 5120}


 


in symbols.


 


 


Generalized


 


formula


 


It is


 


pro


posed that periodicity can be ext


ended to better match traffic periodicities, e.g. periodicities such as 104Hz or 


60Hz.


 


Periodicity 


would


 


then be a rational number of symbols.


 


 


The formula can be modified to select the closest resource 


from


 


an allowed 


resource


 


boundary pattern.


 


The resource 


boundary periodicity allows 


fulfilling


 


a 


required


 


latency, while the resource boundary periodicity offset allows to time 


multiplex 


CG configurations.


 


After an uplink grant is configured for a configured grant Type 2,


 


the MAC entity shall consider sequentially that the 


N


th


 


uplink grant occurs associated with the symbol for which:


 


[(SFN 


×


 


numberOfSlotsPerFrame


 


×


 


numberOfSymbolsPerSlot


) + (slot number in the frame 


×


 


numberOfSymbolsPerSlot


) + symbol number in the slot] = 


 




3GPP TSG - RAN WG2 Meeting #10 8   R2 - 1916230   Reno ,  USA ,  November   14 th   -   18 th   201 9   Revision   of  R2 - 1913622       Agenda item:   6.7.2.2.1   Source:    Sequans Communications     T itle:     CG/SPS alignment  on Resource Boundary Pattern   Document for:   Discussion   and Decision   1.   Introduction   During RAN2#107bis, enhancements to CG to handle  misalignment   between traffic periodicity and CG periodicity  were discussed. There was some support in specifying a pattern such as only the needed resources are configured.  In  this contribution, we detail further  how this can be done in a simple way .   2.   Discussion   We aim to define  a quasi - periodic pattern as in blue  in   R2 - 1913622 , matching arbitrary periodicities with a given  latency.   There are several options to realize such pattern. In our view, the existing CG/SPS formula could be easily  enhanced such as it selec ts resources from a  boundary  resource pattern   (used for alignment) , as follows.   Baseline formula   It was already agreed  that   CG periodicities no longer dividing  the   hyperframe length will be  supported . The baseline  formula should be the one from LTE, as fol lows:   After an uplink grant is configured for a configured grant Type 2, the MAC entity shall consider sequentially that the  N th   uplink grant occurs associated with the symbol for which:   [(SFN  ×   numberOfSlotsPerFrame   ×   numberOfSymbolsPerSlot ) + (slot number in the frame  ×   numberOfSymbolsPerSlot ) + symbol number in the slot] =    [ Ref_symbol in HF   + N  ×   periodicity ] modulo  ( 1024   ×   numberOfSlotsPerFrame   ×   numberOfSymbolsPerSlot )   where    -     Ref_symbol in HF:  SFN start time   ×   numberOfSlotsPerFrame   ×   numberOfSymbolsPerSlot   + slot start time   ×   numberOfSymbolsPerSlot   + symbol start time   -   periodicity =  2, 7, n*14, where n={1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 256, 320, 512, 640, 1024, 1280,  2560, 5120}   in symbols.     Generalized   formula   It is   pro posed that periodicity can be ext ended to better match traffic periodicities, e.g. periodicities such as 104Hz or  60Hz.   Periodicity  would   then be a rational number of symbols.     The formula can be modified to select the closest resource  from   an allowed  resource   boundary pattern.   The resource  boundary periodicity allows  fulfilling   a  required   latency, while the resource boundary periodicity offset allows to time  multiplex  CG configurations.   After an uplink grant is configured for a configured grant Type 2,   the MAC entity shall consider sequentially that the  N th   uplink grant occurs associated with the symbol for which:   [(SFN  ×   numberOfSlotsPerFrame   ×   numberOfSymbolsPerSlot ) + (slot number in the frame  ×   numberOfSymbolsPerSlot ) + symbol number in the slot] =   

