Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2 #97	Tdoc R2-1700756
Athens, Greece, 13th – 17th February 2017

Agenda Item:	8.11.3
Source:	Ericsson
Title:	Summary of email discussion on multi-PRB paging
Document for:	Discussion

Introduction
This is a summary of the email discussion [96#48][LTE/eNB-IoT]] Multi-PRB paging:
[96#48][LTE/eNB-IoT] Mutli-PRB paging (Ericsson)
	Multi-PRB: Paging carrier selection formula and weights definition
	Intended outcome: Email discussion report
	Deadline: Thursday 26/01/2017

The deadline for the email discussion is Thursday 26/01/2017.

Background
Previous RAN2 agreements
It seems to be a common understanding among companies that the eMTC formula will be used as baseline for the paging carrier selection in NB-IoT. In the eMTC formula the UEs are uniformly distributed over paging narrowbands (PNBs) based on UE_ID:
PNB = floor(UE_ID/(N*Ns)) mod Nn
where Nn is the number of paging narrowbands provided in system information, N is the number of PFs within a DRX cycle, and Ns is the number of POs within a PF. Note that N*Ns gives the total number of POs within a DRX cycle, and is the same as the broadcasted parameter Nb. The reason for dividing UE_ID with Nb=N*Ns is to ensure the PNB and PF/PO are uncorrelated.
One important difference compared to eMTC is that NB-IoT will support uneven paging carrier distribution [1]. That is, UEs can be non-uniformly distributed over paging carriers by assigning different weights to each carrier.
· Uneven paging load distribution between anchor and non-anchor carriers is supported. Weighted distribution between all carriers (Option d)

It has also been agreed that up to 16 paging carriers can be configured for NB-IoT (i.e. same as the number of PNBs in eMTC) [2]. Note though that it is not yet clear whether the anchor carrier is included in those 16 paging carriers.
· The maximum of paging carriers is 16.

[bookmark: _Ref468111787]Paging carrier selection formula
How to extend the eMTC formula to also consider the weight factors was discussed in the previous email discussion [3] and led to several solutions being proposed. However, a closer inspection shows the solutions are very similar and the main difference appears to be whether “absolute” or “relative” weights are used.
· Absolute weights, corresponding to an absolute proportion of UEs. Weight W(i) means a proportion of UEs equal to W(i)/W is allocated to carrier i, where W is a constant and Wi=W.
· Relative weights, corresponding to a relative proportion of UEs. Weight W(i) means a proportion of UEs equal to Wi /Wi is allocated to carrier i. Unlike for absolute weights there is no restriction that the weights should sum to a certain constant.
Intel [7] proposes a formula based on absolute weights where the paging carrier is defined as the smallest index PC satisfying the following equation:
UE_ID < Range of UE_ID*(W(1) + W(2) + … + W(PC))				(1)
where UE_ID = IMSI mod 4096*16, Range of UE_ID is 4096*16, and W(i) is the weight assigned to paging carrier i and ΣW(i)=1. Intel further suggests to set the range of the weights to {0, 1/16, …, 15/16}, i.e. the step size is directly proportional to the number of paging carriers. If we express the weights as integers between 0 and 15 and require them to sum to 16 instead of 1, the paging carrier in Intel’s solution can be equivalently defined as the smallest index PC satisfying the equation:
floor(UE_ID/(Range of UE_ID/16)) < W(1) + W(2) + … + W(PC)			(2)
This is the same formula that Sequans [8] proposes with the only difference that Sequans keeps the existing definition of UE_ID (i.e. UE_ID = IMSI mod 4096) and hence the Range of UE_ID is 4096 rather than 4096*16. Keeping the existing UE_ID definition has the benefit that no additional IMSI bits are revealed but also implies the paging carrier and PF/PO will be correlated for Nb values larger than 4096/16=256.
ZTE [6] proposes a similar formula but which is based on relative weights. In ZTE’s formula the paging carrier is defined as the smallest index PC satisfying the equation:
floor(IMSI/(N*Ns)) mod ΣW(i) < W(1) + W(2) + … + W(PC)				(3)
where W(i) is the integer weight assigned to paging carrier i and N and Ns are as defined in the eMTC formula. This is the same formula that Qualcomm [5] and Ericsson [4] suggest although they describe the formula in a slightly different way using the term “virtual carrier”. Note that using IMSI in formula (3) above is likely not acceptable as this would require the IMSI to be disclosed to the eNB. It is therefore recommended to replace IMSI with UE_ID as follows:
floor(UE_ID/(N*Ns)) mod ΣW(i) < W(1) + W(2) + … + W(PC)			(4)
Similarly as with the use of absolute weights, the UE_ID range may need to be extended to avoid correlation between the paging carrier and PF/PO. 
Discussion
Absolute vs relative weights
Based on the discussion in Section 2.2 it seems there are two main options for the paging carrier selection formula.
a) (Absolute weights) The paging carrier is defined as the smallest index PC satisfying the equation

floor(UE_ID/(Range of UE_ID/W)) < W(1) + W(2) + … + W(PC)

where W(i) ∈ {0,…,W-1} is the integer weight assigned to paging carrier i, W is a constant and ΣW(i)=W. Assigning weight W(i) results in a proportion of UEs equal to W(i)/W being allocated to carrier i. 
b) (Relative weights) The paging carrier is defined as the smallest index PC satisfying the equation

floor(UE_ID/(N*Ns)) mod ΣW(i) < W(1) + W(2) + … + W(PC)
where W(i) ∈ {0,…,W-1} is the integer weight assigned to paging carrier i and N and Ns are as defined in the eMTC formula. Assigning weight W(i) results in a proportion of UEs equal to W(i)/ΣW(i) being allocated to carrier i.
Absolute weights are intuitive and leads to a simple weight assignment. If we want 30% of the users on a certain paging carrier we simply select the code point which is closest to this number. For example, if the constant W=16, selecting W(i) = 5 means that 5/16=31.25% will be assigned to carrier i. Relative weights on the other hand is less intuitive but enables a wider range of distributions. For example, with relative weights users can always be distributed equally among the paging carriers by setting all weights to 1 (in fact any positive value will do as long as it is the same). We can also disable the anchor carrier and distribute the users equally among the non-anchor paging carriers by setting the anchor weight to 0 and the non-anchor weights to 1. With absolute weights the same distribution is not possible unless the number of configured paging carriers divides the constant W. It is also easy to see that all distributions that can be achieved with absolute weights can also be achieved with relative weights since absolute weights is just a special case of relative weights with the extra restriction that the weights must sum to the constant W.
Discussion point 1: Companies are invited to indicate their preference between absolute and relative weights. Please also indicate if the above formulas are fine or if they should be modified in any way.
Table 1. Company's view on Discussion point 1
	Company’s name
	Option
	Comments

	ZTE
	b)
	We agree with the above analysis. For example, the same distribution among the paging carriers is very easy for relative weights by setting all weights to 1 but it is not possible for absolute weights in such case as W=16 and number of carriers=3.

And we think option b) has less restriction on configuration and will cause fewer signalling overhead. 
So we prefer option b).

We have further comments on the formula in option a) as follows:
1. If the setting of W (i.e. ΣW(i)) cannot guarantee that Range of UE_ID is divisible by W, there may exist the risk that some results of floor(UE_ID/(Range of UE_ID/W)) cannot less than W. That means, no any index PC can be found to satisfy this inequality of floor (UE_ID/(Range of UE_ID/W)) < W(1) + W(2) + … + W(PC). For example, if the Range of UE_ID is 4096 and we set the W=20, the result of Range of UE_ID/W is an approximation value of 204. Then if the UE_ID is larger than the 4080, the result of floor (UE_ID/(Range of UE_ID/W)) is 20. For this UE_ID, no index PC can make the inequality satisfied. So the setting of W should guarantee that Range of UE_ID is divisible by W.
2. The value of W also cannot be less than the number of configured paging carriers and the range of W(i) should be is {0,…,W-1}. Then for example, if number of the configured paging carriers is 16, the smallest of W would be 16. The biggest value of W(i) is 15 and the size of W(i) should be 4bits. However, there has no such restriction for option b). 2 bits may be enough for the size of W(i) of option b).


	Qualcomm
	b
	Relative weights.

Weight for Non-Anchor carrier >0, anchor >= 0.

	Huawei, HiSilicon:
	a
	Absolute weights provide what is needed, even though may be not every  distribution due to the 6.25 % step , assuming extension of the UE_id to IMSI mod 16384, same as eMTC
Relative weights do not provide additional flexibility when using a large number of carriers unless we extend the UE_id beyond the eMTC range, which would require to expose more IMSI bits. 
Thus, we propose to go with the absolute weights while extending the UE-ID. We are fine with the proposed formula.

	Ericsson
	b
	Prefer option b) as it enables a wider range of distribution and doesn’t cost anything extra in terms of signalling. Further with option b) it is easier to achieve equal probability over carriers. Since it must be ensured that the total sum is still 100%, option a) is more cumbersome in use and only one weight cannot be changed at a time.

	Intel
	a
	As mentioned, absolute weight method is an intuitive way as it allows the operator to clearly proportionate the UE among the anchor and non-anchor carrier. To distribute the UEs equally among the paging carriers or to disable the anchor paging carrier and equally distributed among the non-anchor paging carrier, it can be done via RRC signalling (e.g. For the former, it can be done by not assigning the weight for all paging carrier. For the latter, it can be done by setting the anchor paging carrier to 0 and not assigning the weight for all non-anchor paging carrier).

	Sequans
	a
	We think absolute weight method is enough.
As the maximum number of paging carriers is 16, we think W should be 16, corresponding to a granularity of 6.25%.

	MTK
	b)
	The above analysis looks reasonable and we prefer more flexible paging carrier distribution when relative weights are used.

	Nokia
	a) Or b)
	Both options woks

	InterDigital
	b)
	We prefer option b), relative weights, as it enables more flexibility in distributing the paging load over the carriers.




UE_ID definition
As noted by several companies the current UE_ID defined for NB-IoT may need to be extended if a paging carrier is selected in addition to the PF/PO. Currently the UE_ID range is [0,4096) where the upper limit corresponds to the maximum number of possible POs within a DRX cycle (i.e. maximum nB value). The table below shows the possible values of nB, N, and Ns for the maximum DRX cycle length of 10.24s (i.e. T=1024).
	nB 
	N (# of PFs within DRX cycle)
	Ns (# of POs within one PF)

	4T
	1024
	4

	2T
	1024
	2

	T
	1024
	1

	T/2
	512
	1

	T/4
	256
	1

	T/8
	128
	1

	T/16
	64
	1

	T/32
	32
	1

	T/64
	16
	1

	T/128
	8
	1

	T/256
	4
	1

	T/512
	2
	1

	T/1024
	1
	1



Since UE_ID is used to select one out of ΣW(i) “virtual” paging carriers, the range should be extended with a factor ΣW(i) if the paging carrier and PF/PO should remain uncorrelated/independent even for the maximum nB value. This holds regardless whether absolute or relative weights are used. Assuming the maximum sum of the weights is 16, the UE_ID should be defined as 
UE_ID = IMSI mod max(Nb)*max(ΣW(i)) = IMSI mod 4096*16 = IMSI mod 65356
However, this means that more IMSI bits are used than for eMTC which may not be desirable from a security standpoint (in eMTC UE_ID = IMSI mod 16384[footnoteRef:1]). If it turns out that using additional IMSI bits is unacceptable, another option is to keep the existing UE_ID range or use the same range as in eMTC but restrict the configuration options so that nB*ΣW(i) ≤ 4096 or 16384. [1:  In eMTC the maximum nB value is 1024 and the maximum number of paging narrowbands is 16. Thus, there can be up to 1024*16=4096 different (PO, PNB) combinations.  ] 

Yet another option is to keep the existing UE_ID range or use the same range as in eMTC but allow the paging carrier and PF/PO to be correlated whenever nB*ΣW(i) > 4096 or 16384. Note if this option is selected the relative weights formula (i.e. option b in discussion point 1) needs to be updated to account for the limited UE_ID range. One way to do this is to replace the denominator inside the floor operation with a constant (similarly as is done for the absolute weights formula). That is, the formula
floor(UE_ID/(N*Ns)) mod ΣW(i) < W(1) + W(2) + … + W(PC)
is replaced with e.g.
floor(UE_ID/(Range of UE_ID/16)) mod ΣW(i) < W(1) + W(2) + … + W(PC)

Discussion point 2: Companies are invited to indicate their preferred option for the definition of UE_ID. For option b and c companies are also requested to provide their view on the upper value of the UE_ID range (4096 as in NB-IoT Rel-13, 16384 as in eMTC, or some higher value).  
a) The UE_ID range is extended with a factor corresponding to the maximum sum of the weights (e.g. UE_ID = IMSI mod 4096*16).
b) We keep the existing UE_ID range (i.e. UE_ID = IMSI mod 4096) or use the same range as in eMTC (i.e. UE_ID = IMSI mod 16384) but we add the restriction that nB*ΣW(i) ≤ 4096 or 16384. A value larger than 16384 (but lower than in option a) could potentially also be used if it is feasible security wise.
c) We keep the existing UE_ID range (i.e. UE_ID = IMSI mod 4096) or use the same range as in eMTC (i.e. UE_ID = IMSI mod 16384) but we allow the paging carrier and PF/PO to be correlated whenever nB*ΣW(i) > 4096 or 16384. A value larger than 16384 (but lower than in option a) could potentially also be used if it is feasible security wise.
Table 2. Company's view on Discussion point 2
	Company’s name
	Option
	Comments

	ZTE
	-
	We think a variant of option a) as follows may be a better option:
UE_ID = IMSI mod (N*Ns*ΣW(i))
We change the factor from maximum sum of the weights to the real sum of the weights. With such factor, the UE_ID can be matched with the number of POs. If number of the POs (nB*ΣW(i)) isn’t large, the number of IMSI bits used for UE_ID will not be large.

For option b), if we add the restriction that nB*ΣW(i) ≤ 4096 or 16384, we worry about that no enough POs can be used.

For option c), if the UE_ID range is less than the value of nB*ΣW(i), there may exist the risk that there are always some POs unused. 

	Qualcomm
	
	If number of bits for the UE_ID is dependent on cells paging parameter configurations as proposed by ZTE then how will core network know how many bits of the UE_ID to pass to each eNB? Therefore we don’t think this is the right approach.

We think 16-bits of IMSI are sufficient (i.e. IMSI mod 16384) given the total paging bandwidth is ~ 1/6 that for eMTC (simply be scaling of carrier bandwidth).

As for the equation we think following is more appropriate:

UE_ID * ΣW(i) < (W(1) + W(2) + … + W(PC)) *16384  

	Huawei, HiSilicon:
	b
	We don’t want to expose any more bits than eMTC, so we propose to reuse eMTC range. 
We can accept the restriction on the possible configurations.


	Ericsson
	b
	The UE_ID is defined as UE_ID = IMSI mod 16384, i.e. we re-use the eMTC value for the upper range of the UE_ID. 

(We are still in favor of a S-TMSI based solution to avoid any restrictions but there seem to be no support from other companies).



	Intel
	
	A straightforward way is to set the UE_ID range as it is in Rel-13 for eMTC (i.e. UE_ID = IMSI mod 16384) in order to not reveal more IMSI bits. In addition, this will allow no change over S1 signalling for UE_ID.


	Sequans
	c
	We agree to reuse the eMTC range.

Regarding the correlations:

PC index is defined by (assuming absolute weight formula)
floor(UE_ID/(Range of UE_ID/W)) < W(1) + W(2) + … + W(PC) 
i.e.
floor(UE_ID/2^10) < W(1) + W(2) + … + W(PC)
i.e.
the 4 MSBs of the 14 bits of UE_ID are used.

There is correlation only when 
- T=10.24s and Ns=2 or 4 paging subframes
- T= 5.12s and Ns=4 paging subframes
Which are extreme configurations.
Even though, these correlations are not a problem.
As we discussed in R2-168698 (here updated because we would use 14 bits for UE_ID): 
UEs will be distributed evenly between carriers, and evenly between PF/PSF, but:
•	Within a given PC, UEs might not be distributed over all possible PF/PSFs
•	Within a given PF/PSF, UEs might not be distributed over all possible PCs
This is just because whenever N*Ns > 2^10, there are more possible paging groups in the PF/PSF/PC space then possible UE groups (2^14). When we are in this situation UEs are anyway distributed over 2^14 paging groups which is huge. From the TR, we may support around 52547 UEs/cell. This means around 3 UEs per used PO. With 16 paging carriers, we could have a theoretical max of 2^12 * 16 = 2^16 POs. In this extreme configuration, indeed not all possible POs are used (only 1/4). But with 3 UEs per used PO, this seems really not an issue.


	MTK
	(b)
	16-bit for UE_ID (i.e. UE_ID = IMSI mod 16384) is sufficient. Also we think the proposed formula 
nB*ΣW(i) ≤ 16384
can be used to restrict the weights

	Nokia
	-
	UE_ID range as it is in Rel-13 for eMTC can be re-used

	InterDigital
	c)
	We prefer to reuse the eMTC range, UE_ID = IMSI mod 16384. We don’t think restriction as suggested in b is needed. Whether to restrict or not can be left to eNB implementation.




Including an extra time factor
There has previously been concerns (e.g. in [9]) that paging might become unfair among UEs since the NB-IoT carriers have different properties. That is, a UE with a certain IMSI might in each cell always have to monitor paging on an unfavourable carrier (less power boosted or fewer DL resources available). There was also a concern from one company [6] that unexpected load distributions would result if the IMSIs are not sufficiently random. To address both issues it has been proposed to include a time factor in the paging carrier selection formula [6]. For example, assuming the relative weights formula is used (i.e. option b in discussion point 1), the time factor A = SFN/H-SFN can be added as follows:
floor(UE_ID/(N*Ns)) + A mod ΣW(i)  < W(1) + W(2) + … + W(PC)
Discussion point 3: Companies are invited to express their view on the need to include a time factor in the paging carrier selection formula. 
Table 3. Company's view on Discussion point 3
	Company’s name
	Include time factor (Yes/No)
	Comments

	ZTE
	Yes
	It is quite possible that the change period of paging carrier weight is much longer than the period of paging. It may cause that the UE selects some fixed carriers for a long time, which would further cause some carriers with heavier load while the other carriers with lower utilization.
More seriously, UE may select a fixed unfavourable carrier (less power boosted or fewer DL resources available) for a long time which would make a serious influence on UE, e.g. higher paging failure rate and higher UE power consumption.

One consideration is to shorten the change period of paging carrier weight. But it’s unreasonable to change SIB frequently if only a small number of UEs encounter such problem. A UE-specific solution such as introducing time factor into its paging carrier selection formula is obviously more targeted and effective.

	Qualcomm
	No
	Carrier selection for paging should be done with care to ensure all non-anchor paging carriers have similar performance to anchor carrier for all UEs. It makes no sense to define paging carrier that will have poor performance for high percentage of the time. Furthermore, RAN1#87 discussed such a proposal in R1-1613371 and agreed to not support paging PRB hopping

	Huawei, HiSilicon:
	No
	The problem can be solved by network configuration.  


	Ericsson
	No
	The first issue seems to mainly affect UEs in bad coverage and especially if it is a stationary UEs. As some companies suggested in the previous meeting, it should be possible to address the problem to some extent through configuration e.g. by occasionally changing the power boosting levels or the carrier weights or the order in which the carriers occur in the DL carrier list. If this is deemed insufficient, then we believe a better way to correct this problem is to use S-TMSI instead if IMSI for the UE_ID as this identifier can (and should) be re-allocated from time to time. This would also address any security concerns with revealing too many IMSI bits in the paging formula.

The second issue is in our view less of a concern. If it was a problem, then it would arise also in LTE and overload scenarios caused by improper IMSI allocations is to our knowledge not commonly experienced.

	Intel
	Yes
	We are ok to include a time factor to solve the unfairness treatment.


	Sequans
	-
	In our view, indeed there can be a problem of unfairness between UEs if e.g. a carrier is boosted (typically the anchor) and not the others.
This can lead to over-consumption of Rel-14 UEs in bad coverage.
Equal treatment of UEs does not really solve this issue as we show in R2-168836. The right way would be to assign such UEs to the good carrier (by dedicated configuration).

We could consider options for “equal treatment of UEs” but this require some further discussion.

	MTK
	No
	We agree that NB-IOT carriers may have different properties. However, paging message is transmitted using low MCS, and the narrowest carrier still have enough DL resource to carrier a given number of paging records in a paging message, so in most cases, a to-be-paged UE can receive its paging message successfully. If a carrier is too bad to ensure reliable paging message delivery, the network should simply not configure it for a UE. Therefore we don’t think a time factor is needed in the paging carrier selection formula.

	Nokia
	No
	There is no issue if the NW configured properly

	InterDigital
	No
	We don’t think a time factor is necessary. Carrier selection by the network should avoid coverage issues. 



Other issues
Discussion point 4: Companies are invited to indicate any other issues related to the paging carrier selection formula that should be addressed by RAN2.
Table 3. Company's view on Discussion point 4
	Company’s name
	Comments

	
	


	
	

	
	




Summary of email discussion
The following nine (9) companies participated in the email discussion: ZTE, Qualcomm, Huawei/HiSilicon, Ericsson, Intel, Sequans, MTK, Nokia, and InterDigital.
[bookmark: _GoBack]We noted that there appears to be different views regarding the maximum number of paging carriers. It would be good to agree on this as it affects the paging carrier selection formula and the definition of the weights. In the email discussion on RRC parameters for RACH and paging (96#49) it is suggested that up to 16 non-anchor carriers can be configured for paging. Since paging is also supported on the anchor carrier it appears the total number of paging carrier is 16 + 1 = 17.
[bookmark: _Toc473627467][bookmark: _Toc473627587][bookmark: _Toc473627616][bookmark: _Toc473880515]The maximum number of paging carriers is 17 (1 anchor + 16 non-anchors)

DP#1: Absolute vs relative weights
3 companies prefer the paging carrier selection formula based on absolute weights (option a) and 5 companies prefer the one based on relative weights (option b). One company states no preference. There is no strong majority for either option but as we must select we suggest to go forward with the option receiving most votes, i.e. option a.
[bookmark: _Toc473627468][bookmark: _Toc473627588][bookmark: _Toc473627617][bookmark: _Toc473880516][bookmark: _Toc473627469][bookmark: _Toc473627470]The paging carrier selection function is based on “relative weights”. More specifically, the paging carrier is defined as the smallest index PC satisfying the equation

floor(UE_ID/(N*Ns)) mod ΣW(i) < W(1) + W(2) + … + W(PC)

where W(i) ∈ {0,…,W-1} is the integer weight assigned to paging carrier i and N and Ns are as defined in the eMTC formula. Assigning weight W(i) results in a proportion of UEs equal to W(i)/ΣW(i) being allocated to carrier i.

DP#2: UE_ID definition
All companies except one prefer to use the same range for UE_ID as in eMTC, i.e. UE_ID is defined as UE_ID = IMSI mod 16384. One company prefers a different definition where the range of UE_ID is variable, i.e. UE_ID is defined as UE_ID = IMSI mod (N*Ns*ΣW(i)). However, as pointed out by other companies and in section 2.2, this will not work with the current S1 signalling as the MME will not be able to determine UE_ID in advance.

[bookmark: _Toc473627471][bookmark: _Toc473627589][bookmark: _Toc473627618][bookmark: _Toc473880517]We use the same range for UE_ID as in eMTC, i.e. UE_ID is defined as UE_ID = IMSI mod 16384.

Regarding the need to restrict the configuration options to avoid correlation between paging carrier and PF/PO, only 5 companies expressed an opinion. Three companies prefer to avoid correlation by adding the restriction nB*ΣW(i) ≤ 16384 (option b). The other two companies think correlation should be allowed, i.e. we do not prevent configurations where nB*ΣW(i) > 16384 (option c). Again there is no clear majority but since a decision has to be be made we propose to go with the option receiving most votes, i.e. option b.
[bookmark: _Toc473627472][bookmark: _Toc473627590][bookmark: _Toc473627619][bookmark: _Toc473880518]The restriction nB*ΣW(i) ≤ 16384 is added to avoid correlation between paging carrier and PF/PO.
DP#3: Including an extra time factor
Only two companies prefer to include a time factor in the carrier selection formula. The other companies do not see a need for this.
[bookmark: _Toc473627620][bookmark: _Toc473880519]We do not include a time factor in the paging carrier selection formula.


Proposed way forward
Based on the outcome of the email discussion we propose the following:

Proposal 1	The maximum number of paging carriers is 17 (1 anchor + 16 non-anchors)
Proposal 2	The paging carrier selection function is based on “relative weights”. More specifically, the paging carrier is defined as the smallest index PC satisfying the equation  floor(UE_ID/(N*Ns)) mod ΣW(i) < W(1) + W(2) + … + W(PC)  where W(i) ∈ {0,…,W-1} is the integer weight assigned to paging carrier i and N and Ns are as defined in the eMTC formula. Assigning weight W(i) results in a proportion of UEs equal to W(i)/ΣW(i) being allocated to carrier i.
Proposal 3	We use the same range for UE_ID as in eMTC, i.e. UE_ID is defined as UE_ID = IMSI mod 16384.
Proposal 4	The restriction nB*ΣW(i) ≤ 16384 is added to avoid correlation between paging carrier and PF/PO.
Proposal 5	We do not include a time factor in the paging carrier selection formula.
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