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[bookmark: _Ref174151459][bookmark: _Ref189809556]Introduction
Paging discussions for NR have considered that, as an alternative to sending the paging message on all beams (“direct paging”), a response-driven paging scheme could be used, in which some form of short paging indicator is sent on all beams, and UEs that match with the indicator send a response to the network to request delivery of the actual paging message.  This document examines the expected overhead of such an approach as compared to direct paging, and also compares the overhead of the two schemes for sending a paging indicator that were proposed to the RAN2 ad hoc of June 2017 ([1], [2]).
Discussion
Direct vs. response-driven paging
Challenges for response-driven paging in high frequencies
It is clear that paging overhead is a concern for high frequency, due to the loading effects of beam sweeping.  For this reason there have been multiple proposals (e.g. [1], [2]) for response-driven paging, in which only a paging indicator is sent through beam sweeping and the paged UE responds in the uplink to receive the full paging message.  However, specifically in the high frequency scenarios where the beam sweeping overhead is a concern, response-driven paging faces some challenges of its own.
First, it should be noted that NR might be able to expect lower paging loads compared to LTE, due to the use of RRC_INACTIVE and the ability to configure an RNA smaller than the TA.  Thus paging takes place over a smaller set of cells in most cases.  This means that the heavy load paging scenarios considered in [3] may be unrealistic, so it is not obvious if the overhead of direct paging really is objectionable.  If RNAs are configured with sufficient granularity the paging load could be quite low on a per cell basis; this means there is an opportunity to trade off the paging overhead in downlink against the frequency of RNA update in uplink, similar to the well known tradeoff between DL paging and UL TAU.
Observation 1: It is not obvious if the overhead of direct paging would be excessive in high frequency scenarios when the effect of RRC_INACTIVE is considered.
Second, response-driven paging intrinsically trades uplink against downlink resources; space in the uplink needs to be available for the responses.  Thus response-driven paging can reduce the downlink load, but with the expense of uplink load in specific beams.
Observation 2: Response-based paging involves an uplink/downlink tradeoff.
Finally, in high frequency deployments, there is a risk that the UE’s reception beam changes between responding to the paging indicator and sending the page message.  This effect will elevate the number of paging misses (so will the risk of the paging response being lost over the air).  To mitigate it, an approach might be necessary where the network sends the page message in additional beams, e.g. also in the adjacent beams to where the UE responded—but this creates more downlink loading and erodes the gains of response-based paging.
Observation 3: Response-based paging will cause paging misses due to responses lost over the air, and to the UE reception beam changing.  Efforts to mitigate this effect could have costs in downlink overhead.
Modelling assumptions
In this section we attempt to model the performance of response-driven paging as compared to direct paging.
Response-driven paging based on sending a common PRACH preamble is subject to false alarms from UEs within the paged group that are not actually being paged.  These UEs will send a response and receive a paging message, only to discover that there is no paging record addressed to them.  If false alarms are frequent, the overhead of sending these “misdirected” paging messages erodes the gains in efficiency of the response-driven scheme.
With any group indicator, the false alarm rate can be tuned; for this analysis we assume that there is a target alarm rate that controls the size of the group indicators (e.g. the length of an indicator bitmap or the length of a truncated UE ID).  To model this effect, we consider the following parameters:
A: Alarm rate
λ: Number of beams (following the notation of [3])
Lcell: Average number of idle/inactive UEs per cell
L: Average number of idle/inactive UEs per beam = Lcell/ λ
γ: Paging rate (pages per second)
NUEID: Bits for the paging UE ID (40 for S-TMSI)
Nsymbol: Symbols per 1-ms subframe
Bsymbol: Data bits per symbol (200 was assumed in [3])
TDRX: DRX cycle length (ms)
NPO: Paging occasions per frame
NPF: Paging frames per DRX cycle (TDRX/10 if all frames can carry paging; TDRX/SS-period if paging is multiplexed with SS blocks)
Then the number of paging occasions per second is

(or NPO * 100 if all frames can carry paging), the number of pages per PO is

These pages (messages or indicators) need to be sent in each beam, resulting in some fraction of false alarms.  With L UEs camped on each beam, the number of UEs listening to each paging occasion in a given beam is

[bookmark: OLE_LINK2][bookmark: OLE_LINK3]resulting in an average of  responses per page, in each beam, for a total of  responses per beam.  Correspondingly, a certain fraction φ of beams will have at least one response and require to receive the full paging message in a response driven scheme.  φ can be computed by assuming a Poisson distribution.  The resulting cost per paging occasion in bits for transmission of paging messages, considering all responses including false alarms, is then

and the cost per second in bits is

When the additional cost of sending the paging indicators is considered, this cost becomes higher by an amount that depends on the indicator format.  If the indicator is a k-bit bitmap, the total cost per second in bits is

Converting this to symbols by dividing by Bsymbol, and treating it as a fraction of the available symbol bandwidth Nsymbol*1000 (symbols per second) gives a fractional overhead of

As might be expected, this value is strongly affected by the value of L, the number of idle or inactive UEs per beam (although it does not appear in the equation, L largely determines φ).  A large number of UEs camped in each beam results in a high false alarm rate per beam, meaning that the final paging message is sent widely.
Modelling results
At high user densities e.g. hundreds of idle/inactive UEs per beam, the downlink overhead of the response-driven scheme approaches that of the direct-paging scheme, as shown for example in Figure 1 with the following assumptions:
A: Alarm rate = 1/16 (e.g. an indicator bitmap with k=16)
λ: Number of beams = 8
γ: Paging rate = 1000 pages/second
NUEID: Bits for the paging UE ID = 40 (S-TMSI for all pages)
Nsymbol: Symbols per subframe = 56
Bsymbol: Data bits per symbol = 200
TDRX: DRX cycle length = 640 ms
NPO: Paging occasions per frame = 2
NPF: Paging frames per DRX cycle = 32 (every second frame can carry paging)
The overhead of direct paging is computed as in [3]).


[bookmark: _Ref487549587]Figure 1: Overhead of direct and response-driven paging
(8 beams, 1000 pages/second, 56 symbols/subframe)
With a high load of UEs per cell, the two schemes’ performance becomes similar.  At lower numbers of users the advantage of response-driven paging appears substantial.
The symbol rate does not change the shape of the curve, it only causes linear scaling.  The number of beams also causes linear scaling if the number of idle UEs per beam is kept constant, but if the number of idle UEs per cell is kept constant, increasing the number of beams tends to flatten out the curve for response-based paging, due to a reduction in false alarm responses.
The paging density has more significant effects as shown in Figure 2, using the same parameters but with a paging load of 3000 pages/second.  As indicated by Observation 1, however, this may be an unusually high paging load for an NR scenario, depending on how the RAN notification areas are configured.


[bookmark: _Ref487554261]Figure 2: Overhead of direct and response-driven paging
(8 beams, 3000 pages/second, 56 symbols/subframe)
Here the overhead is generally higher, of course, but in addition the response-driven overhead approaches that of the direct paging much more quickly. The two schemes are close together at a population of 62.5 idle/inactive UEs per beam (500 UEs per cell), and indistinguishable at 1000 UEs per cell.  At extremely high populations the response-driven scheme actually performs slightly worse than direct paging, due to the overhead of sending the indicator bitmap in addition to paging on essentially every beam.
In the maximum case of λ=64, 112 symbols per subframe could be assumed.  This is the worst case scenario for direct paging.  With a paging load of 1000 pages/second, the results are as shown in Figure 3.


[bookmark: _Ref487795487]Figure 3: Overhead of direct and response-driven paging
(64 beams, 1000 pages/second, 112 symbols per subframe)
Note, however, that even in this case the gains erode significantly if the paging load is higher and if the number of paging frames is reduced, since the pages become more concentrated and false alarms proportionally more frequent.  For example, with 3000 pages per second and 16 paging frames available in each DRX cycle instead of 32, the resulting curves are as shown in Figure 4.  (The lower number of paging frames could be a realistic assumption, for instance if paging is multiplexed with SS blocks and the SS periodicity is 40 ms.)


[bookmark: _Ref488052474]Figure 4: Overhead of direct and response-driven paging
(64 beams, 3000 pages/second, 112 symbols/subframe, 16 paging frames per DRX cycle)
At the other extreme in low frequency deployments without beam sweeping, the load of direct paging appears more acceptable (below 1.5% at 1000 pages per second, approximately 4.3% at 3000 pages per second) and the crossover point with response-driven paging occurs at lower user populations, as shown for instance in Figure 5 and Figure 6.  (Note that paging in low frequency might be typical for many deployments even where high frequency operation is supported, e.g. due to using a low frequency coverage layer for most/all UEs in RRC_IDLE and RRC_INACTIVE.)


[bookmark: _Ref487795550]Figure 5: Overhead of direct and response-driven paging
(1 beam, 1000 pages/second, 14 symbols/subframe)


[bookmark: _Ref488231135]Figure 6: Overhead of direct and response-driven paging
(1 beam, 3000 pages/second, 14 symbols/subframe)
Conclusions
The model above has a lot of variables and is difficult to make general statements about.  However, given the results shown, we can draw a few conclusions about the relative performance of the paging approaches.
Observation 4: With larger numbers of idle/inactive UEs per cell, the overhead of response-driven paging approaches or slightly exceeds that of direct paging especially for low frequency scenarios.
Observation 5: With lower densities of idle/inactive UEs per cell, response-driven paging is significantly more efficient in the downlink than direct paging, although this comes at the cost of some uplink resources and increases the paging latency.
Observation 6: Raising the paging load has the effect of lowering the break-even point between direct and response-driven paging, i.e., response-driven paging is most effective at low paging load.
Observation 7: Response-driven paging offers the greatest gains in high frequency scenarios, where it also faces some challenges to implement effectively.
From these observations we conclude that response-driven paging offers some benefits, but these benefits are strongest when they are least needed, in sparser user populations with lower paging densities.  In higher load situations and low frequency deployments, the gains of response-driven paging in the downlink may be outweighed by the costs in uplink and latency.
Proposal 1: If response-driven paging is supported, it should be configurable, so that direct paging can be used in higher load situations and low frequency deployments.
Paging indicators
Need for a group indicator
The analysis above of response-driven paging assumes some form of group paging indicator, to prevent every UE from responding to every page.  In the response-driven case this is obviously necessary; less obviously, it can also provide benefits in case of direct paging, if a group indicator is sent on NR-PDCCH.  This is because only the UEs in the paged group(s) need to decode the corresponding NR-PDSCH.
If RAN1 determine that the paging channel NR-PDSCH is time-multiplexed with NR-PDCCH, a group indicator would reduce the receiver duty cycle since fewer UEs would remain awake to receive NR-PDSCH.  On the other hand if they determine to multiplex the channels in frequency, all UEs in each paging occasion would receive NR-PDCCH+NR-PDSCH, but only the ones in the paged group(s) would spend the processing power to decode the data channel.  These alternatives are shown in Figure 7.
[image: ]
[bookmark: _Ref487701294]Figure 7: Alternatives for multiplexing NR-PDCCH and NR-PDSCH for paging (from [4])
If an indicator is to be defined in NR-PDCCH, it would be in RAN1 remit how to define it, but RAN2 can indicate the perceived benefit and request that RAN1 consider the idea.  Possible forms of the indicator would need to be discussed in RAN1, but could include multiple P-RNTIs, a bitmap embedded in the NR-PDCCH, etc.
Proposal 2: From RAN2 perspective, for both direct and response-driven paging, it is beneficial to have a group indicator.  For the direct paging case, the indicator should be delivered with the scheduling of the paging message, to allow UEs not in the paged group(s) to forgo decoding the NR-PDSCH.
Truncated UE ID vs. bitmap schemes
It is suggested in [1] to approach paging by using a truncated UE ID as a paging indicator (which could then trigger a response).  On the other hand, [2] posited a paging indicator scheme in which UEs hash to a position in a bitmap and the bitmap is transmitted as part of the initial paging message.
It is fairly clear that the bitmap tends to be more efficient when paging is frequent, while the short UE ID could be expected to be more efficient when paging is infrequent (because the bitmap needs to be sent in full even when it is sparsely populated, while the length of the list of UE IDs varies with the number of pages).  Under conditions of heavy paging load, the short UE ID approach would be expected to scale worse than the bitmap approach.
We assume that when there is no paging sent, the indicator can be omitted, i.e. the bitmap does not have to be sent if all bits are zero. The bandwidth usage of the two paging schemes then is a function of the number of pages per DRX cycle, the length of the bitmap, and the length of the short ID.
Note that to scale the two for equal false alarm rates, the UE ID size should be significantly smaller than the bitmap length---e.g., a 16-bit bitmap means that 1/16 of the UEs monitoring that paging occasion will respond to each indicator, which is equivalent to sending only a 4-bit UE ID.
Assume a format in which the bitmap has a fixed length, and is sent only when needed, i.e. there is a presence flag which can be set to zero if there is no page in the PO.  Then the overhead from the bitmap, in bits per DRX cycle, is

and the corresponding overhead from the UE ID scheme is

where:
· PODRX is the number of paging occasions per DRX cycle
· PageDRX is the number of pages per DRX cycle
· POpages is the fraction of POs that contain at least one page
· Lbitmap is the length of the bitmap
· LUEID is the length of the truncated UE ID
· LLI is the length of the length indicator
For low numbers of pages per cell per DRX cycle, the fraction of POs with no pages is very high and the bitmap scheme has extremely low overhead.  If nearly all paging occasions are empty, then the overhead is dominated by the 1-bit presence indicator in the bitmap case, and the length indicator in the UE ID case.  It is clear that the bitmap will be more efficient, essentially by a factor of the length of the length indicator.
As the number of pages per DRX cycle grows, the cost of the UE ID scheme grows linearly based on the size of the UE ID, while the cost of the bitmap scheme reaches a stable state when the bitmap is sent in every PO and further pages have no cost in indicator overhead.  Figure 8 shows the comparative overhead of the two schemes, as a function of the paging density (average pages per PO), with the following assumptions:
· 64 POs per DRX cycle
· 16 bit long bitmap
· 4 bit long UE IDs, with a 4 bit length indicator
· POpages is computed assuming a Poisson distribution
The overhead is shown as a function of the paging density (average pages per PO).


[bookmark: _Ref485999302]Figure 8: Comparative overhead of the UE ID and bitmap schemes
The bitmap scheme is more efficient for low or high paging load, and less efficient at low-to-moderate load.  As the overhead is most critical at high load, the bitmap approach seems more resilient to system loading.  
[bookmark: OLE_LINK12][bookmark: OLE_LINK14]Proposal 3: Use a bitmap scheme for paging indicators.
Conclusion
This document makes the following observations and proposals:
Observation 1: It is not obvious if the overhead of direct paging would be excessive in high frequency scenarios when the effect of RRC_INACTIVE is considered.
Observation 2: Response-based paging involves an uplink/downlink tradeoff.
Observation 3: Response-based paging will cause paging misses due to responses lost over the air, and to the UE reception beam changing.  Efforts to mitigate this effect could have costs in downlink overhead.
Observation 4: With larger numbers of idle/inactive UEs per cell, the overhead of response-driven paging approaches or slightly exceeds that of direct paging especially for low frequency scenarios.
Observation 5: With lower densities of idle/inactive UEs per cell, response-driven paging is significantly more efficient in the downlink than direct paging, although this comes at the cost of some uplink resources and increases the paging latency.
Observation 6: Raising the paging load has the effect of lowering the break-even point between direct and response-driven paging, i.e., response-driven paging is most effective at low paging load.
Observation 7: Response-driven paging offers the greatest gains in high frequency scenarios, where it also faces some challenges to implement effectively.
Proposal 1: If response-driven paging is supported, it should be configurable, so that direct paging can be used in higher load situations and low frequency deployments.
Proposal 2: From RAN2 perspective, for both direct and response-driven paging, it is beneficial to have a group indicator.  For the direct paging case, the indicator should be delivered with the scheduling of the paging message, to allow UEs not in the paged group(s) to forgo decoding the NR-PDSCH.
Proposal 3: Use a bitmap scheme for paging indicators.
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Sheet1

		Beams		8		8		8		8		8		8

		Idle UEs per cell		2000		1000		500		250		100		50

		Idle UEs per beam		250		125		62.5		31.25		12.5		6.25

		Paged UEs per second		3000		3000		3000		3000		3000		3000

		UE ID size		40		40		40		40		40		40

		Symbols per subframe		56		56		56		56		56		56

		Data bits per symbol		200		200		200		200		200		200

		Multiplicity of page transmission (adjacent beams)		1		1		1		1		1		1

		Available symbols per second		56000		56000		56000		56000		56000		56000

		Bits to page all UEs in a second		960000		960000		960000		960000		960000		960000

		Symbols to page all UEs in a second		4800		4800		4800		4800		4800		4800

		Overhead for paging		0.0857142857		0.0857142857		0.0857142857		0.0857142857		0.0857142857		0.0857142857

		Size of indicator bitmap		16		16		16		16		16		16

		False alarm rate		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625

		DRX cycle length (ms)		640		640		640		640		640		640

		Paging frame periodicity (ms)		20		20		20		20		20		20

		Effective response rate considering adjacent beams		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625

		POs per PF		2		2		2		2		2		2

		PFs per DRX cycle		32		32		32		32		32		32

		UEs listening per PO per beam		3.90625		1.953125		0.9765625		0.48828125		0.1953125		0.09765625

		POs per DRX cycle		64		64		64		64		64		64

		POs per second		100		100		100		100		100		100

		Pages per PO per beam		30		30		30		30		30		30

		Average responses per beam per PO		7.32421875		3.662109375		1.8310546875		0.9155273438		0.3662109375		0.1831054688

		Fraction of beams with a response		0.9993406254		0.9743217096		0.8397555292		0.5996945282		0.3066434691		0.1673196706

		Beams with responses, per PO		7.9947250032		7.7945736767		6.7180442338		4.7975562253		2.4531477529		1.3385573652

		Beams with responses, per second		799.4725003211		779.457367668		671.8044233773		479.7556225347		245.3147752879		133.8557365182

		Bits per second for response based pages		959367.000385307		935348.841201573		806165.308052802		575706.747041651		294377.730345483		160626.883821864

		Bits per second for pages and indicators		972167.000385307		948148.841201573		818965.308052802		588506.747041651		307177.730345483		173426.883821864

		Symbols per second for response based pages		4860.8350019265		4740.7442060079		4094.826540264		2942.5337352083		1535.8886517274		867.1344191093

		Idle UEs per cell		2000		1000		500		250		100		50

		Overhead for response based pages		0.086800625		0.0846561465		0.0731219025		0.0525452453		0.0274265831		0.0154845432

		Overhead for direct paging		0.0857142857		0.0857142857		0.0857142857		0.0857142857		0.0857142857		0.0857142857
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Sheet1

		Beams		64		64		64		64		64		64

		Idle UEs per cell		2000		1000		500		250		100		50

		Idle UEs per beam		31.25		15.625		7.8125		3.90625		1.5625		0.78125

		Paged UEs per second		1000		1000		1000		1000		1000		1000

		UE ID size		40		40		40		40		40		40

		Symbols per subframe		112		112		112		112		112		112

		Data bits per symbol		200		200		200		200		200		200

		Multiplicity of page transmission (adjacent beams)		1		1		1		1		1		1

		Available symbols per second		112000		112000		112000		112000		112000		112000

		Bits to page all UEs in a second		2560000		2560000		2560000		2560000		2560000		2560000

		Symbols to page all UEs in a second		12800		12800		12800		12800		12800		12800

		Overhead for paging		0.1142857143		0.1142857143		0.1142857143		0.1142857143		0.1142857143		0.1142857143

		Size of indicator bitmap		16		16		16		16		16		16

		False alarm rate		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625

		DRX cycle length (ms)		640		640		640		640		640		640

		Paging frame periodicity (ms)		20		20		20		20		20		20

		Effective response rate considering adjacent beams		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625

		POs per PF		2		2		2		2		2		2

		PFs per DRX cycle		32		32		32		32		32		32

		UEs listening per PO per beam		0.48828125		0.244140625		0.1220703125		0.0610351563		0.0244140625		0.0122070313

		POs per DRX cycle		64		64		64		64		64		64

		POs per second		100		100		100		100		100		100

		Pages per PO per beam		10		10		10		10		10		10

		Average responses per beam per PO		0.3051757813		0.1525878906		0.0762939453		0.0381469727		0.0152587891		0.0076293945

		Fraction of beams with a response		0.2630061867		0.141516562		0.0734561867		0.0374285412		0.0151429636		0.0076003646

		Beams with responses, per PO		16.8323959481		9.0570599683		4.7011959478		2.3954266361		0.9691496709		0.4864233328

		Beams with responses, per second		1683.2395948095		905.7059968346		470.1195947761		239.5426636139		96.9149670895		48.6423332781

		Bits per second for response based pages		673295.83792381		362282.398733847		188047.837910438		95817.0654455714		38765.9868358162		19456.9333112429

		Bits per second for pages and indicators		775695.83792381		464682.398733847		290447.837910438		198217.065445571		141165.986835816		121856.933311243

		Symbols per second for response based pages		3878.479189619		2323.4119936692		1452.2391895522		991.0853272279		705.8299341791		609.2846665562

		Idle UEs per cell		2000		1000		500		250		100		50

		Overhead for response based pages		0.0346292785		0.0207447499		0.0129664213		0.0088489761		0.006302053		0.0054400417

		Overhead for direct paging		0.1142857143		0.1142857143		0.1142857143		0.1142857143		0.1142857143		0.1142857143



Overhead for response based pages	2000	1000	500	250	100	50	3.4629278478741525E-2	2.0744749943475312E-2	1.2966421335287399E-2	8.8489761359630062E-3	6.3020529837417936E-3	5.4400416656804861E-3	Overhead for direct paging	2000	1000	500	250	100	50	0.11428571428571428	0.11428571428571428	0.11428571428571428	0.11428571428571428	0.11428571428571428	0.11428571428571428	Idle UEs per cell
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Sheet1

		Beams		64		64		64		64		64		64

		Idle UEs per cell		2000		1000		500		250		100		50

		Idle UEs per beam		31.25		15.625		7.8125		3.90625		1.5625		0.78125

		Paged UEs per second		3000		3000		3000		3000		3000		3000

		UE ID size		40		40		40		40		40		40

		Symbols per subframe		112		112		112		112		112		112

		Data bits per symbol		200		200		200		200		200		200

		Multiplicity of page transmission (adjacent beams)		1		1		1		1		1		1

		Available symbols per second		112000		112000		112000		112000		112000		112000

		Bits to page all UEs in a second		7680000		7680000		7680000		7680000		7680000		7680000

		Symbols to page all UEs in a second		38400		38400		38400		38400		38400		38400

		Overhead for paging		0.3428571429		0.3428571429		0.3428571429		0.3428571429		0.3428571429		0.3428571429

		Size of indicator bitmap		16		16		16		16		16		16

		False alarm rate		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625

		DRX cycle length (ms)		640		640		640		640		640		640

		Paging frame periodicity (ms)		40		40		40		40		40		40

		Effective response rate considering adjacent beams		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625

		POs per PF		2		2		2		2		2		2

		PFs per DRX cycle		16		16		16		16		16		16

		UEs listening per PO per beam		0.9765625		0.48828125		0.244140625		0.1220703125		0.048828125		0.0244140625

		POs per DRX cycle		32		32		32		32		32		32

		POs per second		50		50		50		50		50		50

		Pages per PO per beam		60		60		60		60		60		60

		Average responses per beam per PO		3.662109375		1.8310546875		0.9155273438		0.4577636719		0.1831054688		0.0915527344

		Fraction of beams with a response		0.9743217096		0.8397555292		0.5996945282		0.3673030174		0.1673196706		0.0874868059

		Beams with responses, per PO		62.3565894134		53.7443538702		38.3804498028		23.5073931116		10.7084589215		5.5991555795

		Beams with responses, per second		3117.8294706719		2687.2176935093		1919.0224901388		1175.3696555777		535.4229460729		279.9577789753

		Bits per second for response based pages		7482790.72961259		6449322.46442242		4605653.97633321		2820887.17338638		1285015.07057491		671898.66954078

		Bits per second for pages and indicators		7533990.72961259		6500522.46442242		4656853.97633321		2872087.17338638		1336215.07057491		723098.66954078

		Symbols per second for response based pages		37669.9536480629		32502.6123221121		23284.269881666		14360.4358669319		6681.0753528746		3615.4933477039

		Idle UEs per cell		2000		1000		500		250		100		50

		Overhead for response based pages		0.3363388719		0.2902018957		0.2078952668		0.1282181774		0.0596524585		0.0322811906

		Overhead for direct paging		0.3428571429		0.3428571429		0.3428571429		0.3428571429		0.3428571429		0.3428571429



Overhead for response based pages	2000	1000	500	250	100	50	0.33633887185770484	0.29020189573314359	0.20789526680058962	0.12821817738332048	5.9652458507808676E-2	3.2281190604499112E-2	Overhead for direct paging	2000	1000	500	250	100	50	0.34285714285714286	0.34285714285714286	0.34285714285714286	0.34285714285714286	0.34285714285714286	0.34285714285714286	Idle UEs per cell
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Sheet1

		Beams		1		1		1		1		1		1

		Idle UEs per cell		2000		1000		500		250		100		50

		Idle UEs per beam		2000		1000		500		250		100		50

		Paged UEs per second		1000		1000		1000		1000		1000		1000

		UE ID size		40		40		40		40		40		40

		Symbols per subframe		14		14		14		14		14		14

		Data bits per symbol		200		200		200		200		200		200

		Multiplicity of page transmission (adjacent beams)		1		1		1		1		1		1

		Available symbols per second		14000		14000		14000		14000		14000		14000

		Bits to page all UEs in a second		40000		40000		40000		40000		40000		40000

		Symbols to page all UEs in a second		200		200		200		200		200		200

		Overhead for paging		0.0142857143		0.0142857143		0.0142857143		0.0142857143		0.0142857143		0.0142857143

		Size of indicator bitmap		16		16		16		16		16		16

		False alarm rate		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625

		DRX cycle length (ms)		640		640		640		640		640		640

		Paging frame periodicity (ms)		20		20		20		20		20		20

		Effective response rate considering adjacent beams		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625

		POs per PF		2		2		2		2		2		2

		PFs per DRX cycle		32		32		32		32		32		32

		UEs listening per PO per beam		31.25		15.625		7.8125		3.90625		1.5625		0.78125

		POs per DRX cycle		64		64		64		64		64		64

		POs per second		100		100		100		100		100		100

		Pages per PO per beam		10		10		10		10		10		10

		Average responses per beam per PO		19.53125		9.765625		4.8828125		2.44140625		0.9765625		0.48828125

		Fraction of beams with a response		0.9999999967		0.9999426091		0.9924243226		0.9129616323		0.6233965493		0.3863197488

		Beams with responses, per PO		0.9999999967		0.9999426091		0.9924243226		0.9129616323		0.6233965493		0.3863197488

		Beams with responses, per second		99.9999996706		99.9942609111		99.2424322556		91.2961632344		62.3396549289		38.6319748802

		Bits per second for response based pages		39999.9998682514		39997.7043644504		39696.9729022296		36518.465293751		24935.8619715646		15452.7899520654

		Bits per second for pages and indicators		41599.9998682514		41597.7043644504		41296.9729022296		38118.465293751		26535.8619715646		17052.7899520654

		Symbols per second for response based pages		207.9999993413		207.9885218223		206.4848645111		190.5923264688		132.6793098578		85.2639497603

		Idle UEs per cell		2000		1000		500		250		100		50

		Overhead for response based pages		0.0148571428		0.014856323		0.0147489189		0.0136137376		0.0094770936		0.0060902821

		Overhead for direct paging		0.0142857143		0.0142857143		0.0142857143		0.0142857143		0.0142857143		0.0142857143
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Sheet1

		Beams		1		1		1		1		1		1

		Idle UEs per cell		2000		1000		500		250		100		50

		Idle UEs per beam		2000		1000		500		250		100		50

		Paged UEs per second		3000		3000		3000		3000		3000		3000

		UE ID size		40		40		40		40		40		40

		Symbols per subframe		14		14		14		14		14		14

		Data bits per symbol		200		200		200		200		200		200

		Multiplicity of page transmission (adjacent beams)		1		1		1		1		1		1

		Available symbols per second		14000		14000		14000		14000		14000		14000

		Bits to page all UEs in a second		120000		120000		120000		120000		120000		120000

		Symbols to page all UEs in a second		600		600		600		600		600		600

		Overhead for paging		0.0428571429		0.0428571429		0.0428571429		0.0428571429		0.0428571429		0.0428571429

		Size of indicator bitmap		16		16		16		16		16		16

		False alarm rate		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625

		DRX cycle length (ms)		640		640		640		640		640		640

		Paging frame periodicity (ms)		20		20		20		20		20		20

		Effective response rate considering adjacent beams		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625

		POs per PF		2		2		2		2		2		2

		PFs per DRX cycle		32		32		32		32		32		32

		UEs listening per PO per beam		31.25		15.625		7.8125		3.90625		1.5625		0.78125

		POs per DRX cycle		64		64		64		64		64		64

		POs per second		100		100		100		100		100		100

		Pages per PO per beam		30		30		30		30		30		30

		Average responses per beam per PO		58.59375		29.296875		14.6484375		7.32421875		2.9296875		1.46484375

		Fraction of beams with a response		1		1		0.9999995652		0.9993406254		0.9465862727		0.7688858998

		Beams with responses, per PO		1		1		0.9999995652		0.9993406254		0.9465862727		0.7688858998

		Beams with responses, per second		100		100		99.9999565225		99.9340625401		94.6586272673		76.8885899766

		Bits per second for response based pages		120000		119999.999999977		119999.947827017		119920.875048163		113590.35272074		92266.3079718693

		Bits per second for pages and indicators		121600		121599.999999977		121599.947827017		121520.875048163		115190.35272074		93866.3079718693

		Symbols per second for response based pages		608		607.9999999999		607.9997391351		607.6043752408		575.9517636037		469.3315398593

		Idle UEs per cell		2000		1000		500		250		100		50

		Overhead for response based pages		0.0434285714		0.0434285714		0.0434285528		0.0434003125		0.0411394117		0.0335236814

		Overhead for direct paging		0.0428571429		0.0428571429		0.0428571429		0.0428571429		0.0428571429		0.0428571429
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Sheet1

		Full UE ID length		bits		32		32		32		32		32		32		32		32		32

		Bitmap length		bits		16		16		16		16		16		16		16		16		16

		Short UE ID length		bits		4		4		4		4		4		4		4		4		4

		Paging DRX cycle		subframes		640		640		640		640		640		640		640		640		640

		POs per DRX cycle				64		64		64		64		64		64		64		64		64



		Length indicator overhead for UE ID				4		4		4		4		4		4		4		4		4





		P(0 pages per PO)				0.9512294245		0.6065306597		0.3678794412		0.1353352832		0.0497870684		0.0183156389		0.006737947		0.0005530844		0.0000453999





		Pages per cell per DRX cycle				3.2		32		64		128		192		256		320		480		640

		Average number of pages per PO				0.05		0.5		1		2		3		4		5		7.5		10

		Bitmap overhead per DRX cycle (64 POs)		(bits)		110.8197524793		441.7305666759		670.8357364754		894.0781280929		976.2044143668		1006.4169866668		1017.5315708809		1023.4690390047		1023.9564160674

		UE ID overhead per DRX cycle		(bits)		268.8		384		512		768		1024		1280		1536		2176		2816

		False alarm rate (bitmap)				0.0625		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625

		False alarm rate (UE ID)				0.0625		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625











Bitmap overhead per DRX cycle (64 POs) (bits)	3.2	32	64	128	192	256	320	480	640	110.81975247931369	441.73056667586468	670.83573647540891	894.0781280928511	976.20441436684939	1006.4169866668152	1017.5315708808778	1023.469039004658	1023.956416067428	UE ID overhead per DRX cycle (bits)	3.2	32	64	128	192	256	320	480	640	268.8	384	512	768	1024	1280	1536	2176	2816	Pages per DRX cycle

Bitmap overhead per DRX cycle (64 POs) (bits)	0.05	0.5	1	2	3	4	5	7.5	10	110.81975247931369	441.73056667586468	670.83573647540891	894.0781280928511	976.20441436684939	1006.4169866668152	1017.5315708808778	1023.469039004658	1023.956416067428	UE ID overhead per DRX cycle (bits)	0.05	0.5	1	2	3	4	5	7.5	10	268.8	384	512	768	1024	1280	1536	2176	2816	Average pages per PO
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Sheet1

		Beams		8		8		8		8		8		8

		Idle UEs per cell		2000		1000		500		250		100		50

		Idle UEs per beam		250		125		62.5		31.25		12.5		6.25

		Paged UEs per second		1000		1000		1000		1000		1000		1000

		UE ID size		40		40		40		40		40		40

		Symbols per subframe		56		56		56		56		56		56

		Data bits per symbol		200		200		200		200		200		200

		Multiplicity of page transmission (adjacent beams)		1		1		1		1		1		1

		Available symbols per second		56000		56000		56000		56000		56000		56000

		Bits to page all UEs in a second		320000		320000		320000		320000		320000		320000

		Symbols to page all UEs in a second		1600		1600		1600		1600		1600		1600

		Overhead for paging		0.0285714286		0.0285714286		0.0285714286		0.0285714286		0.0285714286		0.0285714286

		Size of indicator bitmap		16		16		16		16		16		16

		False alarm rate		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625

		DRX cycle length (ms)		640		640		640		640		640		640

		Paging frame periodicity (ms)		20		20		20		20		20		20

		Effective response rate considering adjacent beams		0.0625		0.0625		0.0625		0.0625		0.0625		0.0625

		POs per PF		2		2		2		2		2		2

		PFs per DRX cycle		32		32		32		32		32		32

		UEs listening per PO per beam		3.90625		1.953125		0.9765625		0.48828125		0.1953125		0.09765625

		POs per DRX cycle		64		64		64		64		64		64

		POs per second		100		100		100		100		100		100

		Pages per PO per beam		10		10		10		10		10		10

		Average responses per beam per PO		2.44140625		1.220703125		0.6103515625		0.3051757813		0.1220703125		0.0610351563

		Fraction of beams with a response		0.9129616323		0.7049773438		0.4568401191		0.2630061867		0.1149138663		0.0592098355

		Beams with responses, per PO		7.3036930588		5.6398187506		3.6547209531		2.1040494935		0.9193109304		0.4736786837

		Beams with responses, per second		730.369305875		563.9818750604		365.472095313		210.4049493512		91.9310930433		47.3678683677

		Bits per second for response based pages		292147.722350008		225592.750024176		146188.838125213		84161.9797404763		36772.4372173008		18947.1473470738

		Bits per second for pages and indicators		304947.722350008		238392.750024176		158988.838125213		96961.9797404763		49572.4372173008		31747.1473470738

		Symbols per second for response based pages		1524.73861175		1191.9637501209		794.9441906261		484.8098987024		247.8621860865		158.7357367354

		Idle UEs per cell		2000		1000		500		250		100		50

		Overhead for response based pages		0.0272274752		0.021285067		0.014195432		0.0086573196		0.0044261105		0.0028345667

		Overhead for direct paging		0.0285714286		0.0285714286		0.0285714286		0.0285714286		0.0285714286		0.0285714286



Overhead for response based pages	2000	1000	500	250	100	50	2.7227475209822112E-2	2.1285066966444267E-2	1.4195431975465465E-2	8.6573196196853813E-3	4.4261104658304311E-3	2.8345667274173019E-3	Overhead for direct paging	2000	1000	500	250	100	50	2.8571428571428571E-2	2.8571428571428571E-2	2.8571428571428571E-2	2.8571428571428571E-2	2.8571428571428571E-2	2.8571428571428571E-2	Idle UEs per cell
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