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1 Introduction

This is a summary of the email discussion [95#41][eNB-IoTenh] Paging open issues.
[95#41][eNB-IoTenh] Paging open issues, (Ericsson) 


clarify and to extent possible, narrow down the options

Intended outcome: Email discussion report


Deadline: Thursday 22/09/2016

Some specific issues to discuss were included in the RAN2#95 chairman’s report [3]:

 OPEN

· Whether to use the existing PNB formula or a modified version, and what modifications to use

· Support for uneven paging load distribution among anchor/non-anchor carriers.
· Support for CE-level differentiated paging

· Is The paging configuration common for all NB-IoT paging carriers?

· Do we need to handle unfairness wrt some UEs always receiving with higher number of rep. 

The deadline of this email discussion is Thursday 22/09/2016. 
2 Background
PF and PO calculation for non-anchor carriers
In Rel-13 of NB-IoT paging is performed on the anchor carrier. The frame and subframe where the UE monitors NPDCCH for paging are determined using the paging formula in TS 36.304 [2]. In RAN2#95 it was assumed that the same formula will be reused for non-anchor carriers.
The Paging Frame (PF) is given by the following equation:

SFN mod T= (T div N)*(UE_ID mod N)

The Paging Occasion (PO) is indicated by an index i_s derived as follows:

i_s = floor(UE_ID/N) mod Ns
Using i_s and Ns, the PO is determined using the following subframe pattern:
	Ns
	PO when i_s=0
	PO when i_s=1
	PO when i_s=2
	PO when i_s=3

	1
	9
	N/A
	N/A
	N/A

	2
	4
	9
	N/A
	N/A

	4
	0
	4
	5
	9


where

-
T: the DRX cycle of the UE. Since UE specific DRX cycles are not applicable to NB-IoT, T is set to the default DRX cycle broadcasted in system information. 
-
nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, T/256, T/512, and T/1024.
-
N: min(T,nB)

-
Ns: max(1,nB/T)

-
UE_ID: IMSI mod 4096 (for NB-IoT)

The parameter nB gives the total number of PFs and POs within the DRX cycle. The PFs are evenly spaced within the DRX cycle and by increasing or decreasing nB the distance between two consecutive PFs can be configured. Thus nB determines the maximum number of NPDCCH+NPDSCH repetitions that can be supported if overlapping paging transmission should be avoided. This was also the reason why the legacy Nb range was extended for NB-IoT. Assuming a DRX cycle of 10.24sec, the following table shows the number of PFs per DRX cycle. The new Nb values introduced for NB-IoT are highlighted in blue.
	nB 
	# of PFs during 10.24 sec

	4T
	1024

	2T
	1024

	T
	1024

	T/2
	512

	T/4
	256

	T/8
	128

	T/16
	64

	T/32
	32

	T/64
	16

	T/128
	8

	T/256
	4

	T/512
	2

	T/1024
	1


The defaultPagingCycle, nB, and npdcch-NumRepetitionPaging are transmitted in pcch-Config-NB in SIB2-NB.
Paging carrier selection

In eMTC UEs are distributed over multiple Paging Narrowbands (PNB) based on UE_ID: 

PNB = floor(UE_ID/(N*Ns)) mod Nn

where Nn is the number of paging narrowbands provided in system information and the other parameters are defined as above. In RAN2#95 several companies proposed to re-use this formula as a baseline for the paging carrier selection in NB-IoT. 

As noted by several companies the current UE_ID defined for NB-IoT is too short to be used in the above formula. Currently the UE_ID range is [0,4096) where the upper limit corresponds to the maximum number of POs within a DRX cycle (i.e. maximum nB value). If the UE_ID is also used for selecting one out of Nn paging carriers, the range needs to be extended with a factor Nn. Thus, if the maximum number of paging carriers is, say, 16 (same as in eMTC), the UE_ID should be set to IMSI mod 65356.
3 Discussion
3.1 Issue #1: Paging configuration

The paging configuration in NB-IoT is provided in pcch-Config-NB in SIB2-NB:

PCCH-Config-NB-r13 ::=




SEQUENCE {


defaultPagingCycle-r13




ENUMERATED {rf128, rf256, rf512, rf1024},


nB-r13








ENUMERATED {













fourT, twoT, oneT, halfT, quarterT, one8thT,













one16thT, one32ndT, one64thT,













one128thT, one256thT, one512thT, one1024thT,













spare3, spare2, spare1},


npdcch-NumRepetitionPaging-r13


ENUMERATED {













r1, r2, r4, r8, r16, r32, r64, r128, 













r256, r512, r1024, r2048, 













spare4, spare3, spare2, spare1}

}

In eMTC all paging narrowbands share the same configuration for DRX cycle, nB and number of repetitions. However, in contrast to eMTC where the paging narrowbands are fairly equal in terms of output power and available resources (valid subframes), the paging carriers in NB-IoT may be quite different: 
· The anchor carrier carries PSS/SSS/PBCH/SI which consumes a large part of the downlink resources
· In a mixed deployment (guard band + inband), an inband carrier has less capacity than a guard band carrier due to the resources occupied by the LTE PDCCH and CRS.

· Since the eNB can apply power boosting, different carriers can have different output power.  Power boosting would typically be applied to the anchor carrier but it can also be applied to non-anchor carriers.
Due to this, it may be motivated to use different paging configurations (i.e. different T, Nb, and/or repetition number) for anchor and non-anchor carriers or among non-anchor carriers.
Companies are asked to provide their comments on this issue in the table below. Please explain which parameters that can be shared and which ones that should be configurable per carrier.
Table 1. Company view on Issue #1
	Company name
	Comments

	Ericsson
	The number of NPDCCH repetitions should be configurable per-carrier since this parameter depends on the carrier transmit power which may vary between carriers.
The parameter nB is related to the number of NPDCCH repetitions since it controls the distance between POs. The argument for having nB configurable per carrier is to avoid that paging in one PO overlaps with the next PO. However, we do not see why such overlaps necessarily have to be avoided. What matters is the paging capacity (i.e. the number of paging requests per time unit that can be supported), and it seems the choice of nB only has small effect on this. Therefore we are not convinced that nB needs to be configurable per carrier. 
We also note that configuration of nB per carrier is not possible in case of CE level based carrier selection (as discussed in issue#3). This is because nB affects the time of the PO which needs to be independent of the carrier. Otherwise the UE will not be able to determine when to wake up from its DRX cycle since the CE level may have changed while it was asleep.
The DRX cycle should be common for all carriers.

	Huawei, HiSilicon
	We think that common DRX cycle should be configured for all carriers. It is a pure RAN2 parameter, which is not related to any physical layer characteristics.
For nB parameter, a common nB will simplify the carrier selection for paging while restrict the flexibility. The parameter nB only has impact on paging capacity, but it is very small as indicated by Ericsson. We think it may not be necessary to configure different nB per-carrier if a nB can cover the worst case (i.e. largest interval between two POs). Thus, we prefer common nB configuration on different carriers.
The repetition number for NPDCCH should be configured per-carrier, since different carrier may have different transmit power. 

	Intel
	Only NPDCCH repetitions can be different due to the different carrier deployment. DRX Cycle T and nB should take the worst case required for the cell. This will ensure that the same eMTC formula be reused for PF, PO and PNB.

	Sequans

	defaultPagingCycle: common.

This is a cell level parameter, and we do not see any reason to have different values per carrier.

nB: per-carrier

We see a benefit in having a per-carrier value. Low nB increases the false alarm rate. High nB increases the blocking rate (NPDCCH repetitions overlapping with following POs). Having a common nB would mean higher nB then required on some carriers, hence increase false alarm rate yielding increased power consumption on such carriers (see 3.5 for some details on nB setting and the impact on power consumption).

It is possible to have nB per carrier in case of CE level based carrier selection if the CE level considered is the one from the last RRC Connection (which is known by the NW).
npdcch-NumRepetitionPaging: per-carrier
This is needed to handle efficiently carriers with different transmit power.

	CATT

	Our concern is the coverage of different carriers. If the coverage for different carriers are different, UE might not be on the paging carrier on which the eNB sends the paging message to the UE when the UE coverage changes. In this case, the eNB needs to page the UE on other carriers since the eNB has no idea about the UE’s current coverage level and it causes delay and overhead on air interface and increases the complexity of the paging mechanism. Otherwise, the same coverage of different carriers can be configured by setting different npdcch-NumRepetitionPaging for carriers which have different transmit powers and the paging mechanism is as simple as legacy. The configurations of npdcch-NumRepetitionPaging for different carriers could be different for anchor and non-anchor carriers or among non-anchor carriers.
On the other hand, the configurations of defaultPagingCycle and nB should be the same for non-anchor carriers as it is unnecessary to support different paging capacity for different non-anchor carriers and it makes the paging mechanism even more complex. Furthermore, the configurations of defaultPagingCycle and nB could be different and it depends on the number of pagings for R14 UEs and R13 UEs.


	Sharp
	In general, it is natural that different configuration can be used for different carriers which are with different attributes, e.g. output power as said above. But we now consider whether they should be different.

In our understanding, for default paging cycle, common value can be used.

For nB, it is related to the density of PO and PF. If we confirm issue #2 that supporting uneven paging load for different paging carriers, then we think nB configuration per carrier can be one way to provide different paging capacity for carriers.

For npdcch-NumRepetitionPaging, we also think it should be per carrier configuration due to different output power. Furthermore, if CE level differentiation is confirmed to be needed (issue #3), then at least this parameter may need to be per CE level.Thus, we think the PCCH-config is impacted by some factors of other issues, we can discuss issue #1 after we have conclusions of other issues or other possible aspects of paging.

	ZTE
	The difference of paging capacity between anchor carrier and non-anchor carrier is apparent as anchor carrier is also used for NPSS, NSSS and NPBCH. In addition, power boosting difference between anchor carrier and non-anchor carrier may be larger than the difference between non-anchor carriers. Therefore, it is necessary to make different paging configuration between anchor carrier and non-anchor carrier.

If there has power boosting for non-anchor carrier, different npdcch-NumRepetitionPaging for non-anchor carriers may be needed.



	Qualcomm

	Same default paging cycle for all paging carriers (it’s a property of the cell rather than property of carrier).
Non-anchor carrier can have more paging capacity than anchor carrier hence nB for non-anchor carrier can be different from anchor carrier.

Given that power boosting can be applied independently to each NB-IoT carrier the npdcch-NumRepetitionPaging repetitions also could be signalled on per NB-IoT carrier basis.


	
	

	
	

	
	


3.2 Issue #2: Support for uneven paging load distribution among anchor/non-anchor carriers
Rel-13 UEs do not support paging on non-anchor carriers and will thus generate a constant paging load on the anchor carrier. To compensate for this and achieve an even paging load on all carriers, the Rel-14 UEs may need to be unevenly distributed between anchor and non-anchor carriers. 
The severity of this issue and whether it needs to be resolved or not depends on the relative fraction of Rel-13 UEs in the network and how quickly we expect this fraction to decline (when Rel-13 UEs have been replaced or firmware upgraded to newer release, e.g. Rel-14 and beyond).

Several options for handling this issue were described in the RAN2#95 contributions:

a) No support of uneven distribution, i.e. no need to address this issue. The UEs are evenly distributed among anchor/non-anchor carriers similar as in eMTC. This option means that the paging carrier selection formula described in Section 2 can largely be re-used as is.

b) On/Off indication. The cell indicates (e.g. using a flag in system information) whether the Rel-14 UE can select the anchor carrier for paging. If the indication is present, the UE will include the anchor carrier as one of the carriers in the paging carrier selection formula. Otherwise the UE will only consider the non-anchor carriers. This option was described in [4] and [7].
c) Weighted distribution between anchor and non-anchor carriers. This option is more general than the previous one and allows the cell to assign a fraction of the UEs to the anchor carrier. The remaining UEs are evenly distributed among the non-anchor carriers. For example, 25 percent of the UEs could be assigned to the anchor carrier and 75 percent to the non-anchor carriers. Variants of this scheme were described in e.g. [4], [5], and [6].
d) Weighted distribution between all carriers. This option is a generalization of the previous option and allows the cell to assign different weights/UE fractions to any of the carriers. For example, if there are three carriers (one anchor and two non-anchor carriers) the UEs could be distributed say as {10%, 30%, 60%}. By adjusting the carrier weight the paging load can be matched to the carrier capacity. This option may be worth considering if we expect the non-anchor carriers to differ in capacity.
e) Other solution

Companies are asked to provide their comments on this issue and indicate their preferred option in the table below.

Table 2. Company view on Issue #2
	Company name
	Preferred option (a-e)
	Comments

	Ericsson
	d
	We believe some load balancing mechanism will be needed to handle the Rel-13 issue and in addition the difference between NB-IoT carriers listed in the bullets in section 3.1 for issue #1. Although we like the simplicity of the on/off indication we do not think it provides sufficient control. This leaves us with option c or d. Since option d is useful in some deployments and is not much more complex than option c, we prefer option d.


	Huawei, HiSilicon
	b
	We agree that load balance mechanism should to be taken into consideration. Uneven distribution makes sense if all Rel-13 UEs will be paged on the anchor carrier. 
Option b, c, d can achieve load balance. But Option b is more simple than Option c and d, while Option d has higher level flexibility. Option b can provide sufficient control on load balance for paging by using 0/1 indication. Thus, we prefer Option b to keep the simplicity.

	Intel


	b or c
	There is a need to provide the means for the operator to distribute paging for Rel-14 UE among the anchor and non-anchor carriers, taking into considerations that Rel-13 UEs cannot use non-anchor carrier. We think that b or c can provide a simple way to achieve this.



	Sequans

	b, c or d
	Option b is very simple, though it has limited flexibility.
Option c or d can be considered for increased flexibility in distributing the paging load over the carriers.

	CATT

	b
	Option b is easy to implemented, for example, the cell indicates whether the Rel-14 UEs can select the anchor carrier for paging depends on the number of R13 UEs in the network.

Option c and option d are flexible but complex. Option c depends on the number of paging for R13 UEs and R14 UEs and the number of paging varies in real network. Option d has the same disadvantage as option c. It is unnecessary for option d to support different paging capacity for different non-anchor carriers, and it makes the selection of paging carrier even more complex.


	Sharp
	b
	We also think Rel-13 issue should be handled, and uneven distribution should be supported.

For that Which option is used, we think it should consider firstly what extent of uneven distribution is actually needed. We think option b can handle the issue well. In addition, option b is simple and easy to go which also have less standardization impact.

	ZTE

	b
	We also agree there is a need to provide the means for the operator to distribute paging for Rel-14 UE among the anchor and non-anchor carriers with consideration on load balancing between the anchor and non-anchor carriers. We believe that option b) of on/off indication is a simple and effective means for such “uneven” paging load distribution. 

The weighted distribution method for uneven paging load may increase the complexity of UE, and it is difficult to determine the exact weighted value of the carriers for supporting uneven paging load. In addition, it is questionable whether the gain obtained by weighted distribution between anchor and non-anchor carriers or between all carriers is apparent. 

Besides the on/off indication, time-domain factor can be considered for the paging carrier selection (PNB calculation) to resolve the issue that the UE may always select a fixed carrier if only based on UE_ID. Such method can make the UE and eNB more evenly select a paging carrier from all the available carriers.

	Nokia

	d
	We think that load balancing mechanism is needed for paging load distribution between carriers, because of the dynamic load changes and different capacity on the different carriers. eNB should be able to dynamically control the paging configurations for the carriers. Option d seems most suitable and flexible for this purpose. 
Option b is not suitable, because NW is not able control how UEs are distributed between carriers for the paging reception.  

	Qualcomm

	C or D
	At minimum weighted distribution between anchor and non-anchor carrier should be supported. Further weighting between different non-anchor carriers also acceptable.

	LGE

	b
	We agree that the supporting uneven paging load distribution among anchor/non-anchor carriers is needed. As far as we concern, we prefer a simple solution.

	
	
	


3.3 Issue #3: Support for CE level differentiated paging
As described in Issue #1, carriers can have different output power and different amount of available resources. Such differences between carriers implies that more repetitions and/or time is required to receive NPDCCH (and also corresponding NPDSCH) on “bad carriers” (less boosted or with less resources). Thus, it may not be feasible for a certain carrier to support paging in the highest CE-level as too many radio resources would then be required/consumed. In addition, power consumption and latency will increase for UEs that are assigned a “bad carrier” compared to UEs that are assigned a “good carrier”.
Due to these reasons, it may be beneficial to consider the UE coverage level in the carrier selection. In this way, UEs in poor coverage can be assigned a “good carrier” and UEs in good coverage can be assigned a “bad carrier”. 

Companies are asked to provide their view on this issue in the table below. In case CE level differentiated paging should be supported, please also explain how any potential carrier mismatch problem can be avoided (i.e. how can we ensure the eNB pages on the carrier the UE is currently monitoring?).

Table 3. Company view on Issue #3
	Company name
	Comments

	Ericsson
	Being able to assign a power boosted paging carrier for UEs in bad coverage could significantly improve the battery lifetime for these UEs. For example, if we assume that the only the anchor carrier is power boosted and look at the activities performed at a single PO, we see that a relatively large amount of energy can be saved if NPDCCH is received on the anchor carrier instead of a non-anchor carrier.
- Obtaining synch (anchor carrier)
- Reading MIB (anchor carrier)
- Monitor NPDCCH (anchor or non-anchor carrier)
(NPDSCH reception is not included since most of the time there will not be any page)

While CE-level based carrier selection has its advantages, we also see the risk of “carrier mismatch”. If the UE selects a carrier based on CE-level in some autonomous way the eNB will not be able to know which carrier the UE is currently monitoring. This means that if the eNB wants to be certain to reach the UE it has to page on all carriers simultaneously. If it uses one carrier at the time there is a risk that it will never reach the UE if the UE changes CE level between paging attempts (the may UE go from good to poor coverage or vice versa).
Today, the last known CE level and paging attempt number is received by the eNB in the paging instruction from the MME. A reasonable strategy for the eNB might be to page on a single carrier in the first attempt (i.e. paging attempt = 1) and then page on all carriers after that (i.e. paging attempt > 1). This strategy ensures that a UE that is still present in the cell receives the paging message but is quite wasteful of DL resources.
Selecting the paging carrier based only on UE_ID is simpler than using the CE level and does not require new paging strategies.  The main drawback is the shorter battery lifetime for UEs in with very poor coverage.
Since we still think that CE-level based carrier selection is interesting we would like to study this alternative further before making a decision.


	Huawei, HiSilicon

	Currently, RAN1 has agreed on using UE_ID for paging carrier selection. There is no reason to change this agreement in RAN2.
In addition, the UE idle mode will not report CE level change. eNB can not have accurate UE CE level. To guarantee that the UE is able to be paged, eNB needs to page UE on all carriers. It is a quite waste for DL paging resource. 
Thus, we prefer to follow RAN1’s conclusion to use UE_ID for paging carrier selection, and don’t want this CE level differentiated paging. 

	Intel
	We think that this is related to Issue#4 as well. If we can solve the issue that a UE is not stuck to a bad carrier all the time, we do not think we need this.

Furthermore, the eNB does not really know the coverage level that the UE is really in since there is no coverage update from the UE in idle mode.

	Sequans

	We think this is an important issue to address.
It should be possible to assign a “good carrier” (e.g. with +6dB power boost, typically the anchor carrier) to UEs in bad coverage. A UE in bad coverage stuck on a “bad carrier” (non power boosted) will consume up to 4 times more than a UE on a good carrier in the same conditions. This includes Rel-13 UE which would by default be on the anchor carrier and would enjoy much less power consumption than Rel-14 UEs.
In NB-IoT, there is very limited mobility and UEs in deep coverage are most of the time stationary. The CE level may change, due to mobility or due to change of the environment, however this will not be frequent.
The current CE level an IDLE UE is in is not known by the eNB. It is also not desired for an IDLE UE to report CE level changes to the eNB. If this CE level is used by the UE to select a carrier, it will result in a carrier mismatch (paging on first carrier will fail, and eNB may need to page on all carriers of the cell as suggested by Ericsson, which is wasteful). Hence, we do not think this is an attractive solution.

We think it is important to avoid carrier mismatch. In Rel-13, paging optimizations were introduced such as a UE is first paged on the last known cell / using last known CE level, because most of the time this information is valid. Hence, as an alternative of using the current CE level, we propose to use the last known CE level for paging carrier selection.

As an implementation example:

-  When releasing RRC Connection, the npdcch-NumRepetitionPaging which is sent by the eNB to the MME (last known CE level) is also communicated to the UE, and stored at NAS level; 
-  Whenever stored npdcch-NumRepetitionPaging>Threshold (which can be broadcasted on a per cell basis), the UE select a given “good “ carrier (e.g. the anchor carrier). Otherwise, UE_ID based formula is used.
As npdcch-NumRepetitionPaging would be stored both in UE and MME, and used both by UE and eNB to determine the paging carrier, there is no carrier mismatch issue.
In case of CE level change, due e.g. to mobility or change of environment, the only impact is that the UE will not be on the best carrier. It will be:
- either on a good carrier (boosted) while in not in bad coverage

- or on a bad carrier (not boosted) while in bad coverage

But:

- the NW will still know exactly which carrier the UE is camped on
- this is only temporary till the next RRC Connection. 
Such cell/CE level changes are rare (otherwise, paging optimization would not be effective). Hence most of the time, the UE will be on the best carrier, hence we believe this could be a good compromised solution.



	CATT

	As we mentioned in our comments of the first issue, if the coverage for different carriers are different, UE might not be on the paging carrier on which the eNB sends the paging message to the UE when the UE coverage changes. In this case, the eNB needs to page the UE on other carriers since the eNB has no idea about the UE’s current coverage level and it causes delay and overhead on air interface and increases the complexity of the paging mechanism. 
We propose to use “good carrier” for paging to solve the problems of power consumption and latency. CE level differentiated paging should not be supported.


	Sharp
	We share the same views with Ericsson. 
This alternative provides benefits for UE power saving which is an important aspect for NB-IoT UE.

For the “carrier mismatch”, if we can consider keeping alignment of paging CE level that is stored in both UE and NW, one option is both UE and NW use the same stored CE level for paging.

	ZTE
	We also agree the “selected carrier mismatch” issue really exists for the CE level differentiated paging since the eNB has no idea about the UE’s current coverage level. Therefore, we don’t think it’s an effective solution. 
Basically, we still propose to use the mechanism of using maximum repetition for paging in R13 NB-IoT.
And we can agree with Intel that If we can solve the issue that a UE is not stuck to a bad carrier all the time, we will not need such CE level differentiated paging.

	Nokia

	UE coverage level in the carrier selection can be considered, but we would like to study pros and cons and complexity of this further. 

	Qualcomm

	Carrier selection for paging must be deterministic (that is both eNB and UE select the same carrier). For that reason, we are concerned with including coverage level in the selection of paging carrier. Coverage level could change during idle mode then would UE select a different carrier if the current carrier does not support the chosen coverage level and if so how will network know which carrier to page the UE on?
It is better for eNB to apply power boosting to reach the UE (eNB should know UE coverage level and could boost power for paging repetitions).



	
	

	
	


3.4 Issue #4: Avoiding unfair treatment of UEs

In the existing PNB formula for eMTC the carrier selection is based solely on IMSI. Since carriers can differ in output power (and hence requires different amount of repetitions) and in amount of DL resources, some UEs may be assigned a “bad carrier” just based on their IMSI. These UEs will suffer from increased latency and increased battery consumption due to the longer transmission times. The situation is made worse for stationary UEs since in this case the problem may persist over time.
The use of IMSI as the only randomizing factor can also lead to uneven paging load among carriers. By chance (due to the distribution of IMSIs in the cell) some carriers can end up serving a disproportional amount of UEs or UEs requiring large number of repetitions.  For large UE populations the likelihood of this situation occurring is small but if the number of UEs is small or if IMSIs are not uniformly and independently distributed (e.g. sensors deployed in a certain area receive consecutive IMSIs) the situation can be more frequent.
There are different options for handling this issue:
a) No change to the carrier selection formula, i.e. no need to address this issue
b) Time (e.g. frame/subframe) is used as an additional input in the carrier selection formula.  The time parameter helps to guarantee a fair treatment of the UEs and averages out the paging load across the carriers. This option was described in [7].
c) Other solution

Companies are asked to provide their comments on this issue and indicate their preferred option in the table below.
Table 4. Company view on Issue #4
	Company name
	Preferred option (a-c)
	Comments

	Ericsson
	c
	First of all we note that if the carrier is selected based on CE-level (issue #3) then the problem of unfair treatment should not occur or will at least be less severe. With CE-level based carrier selection a UE in poor (good) coverage will select one of the  carriers in the set of “good”  (“bad”) carriers based on its IMSI and all the carriers within the set should be fairly equal. So we should not decide on a solution for this issue until we agreed if CE-level based carrier selection is used or not.
If the carrier is selected based on IMSI alone then there is indeed a risk that some UEs will be treated unfairly. One simple way to solve this is to use S-TMSI instead of IMSI as UE_ID in the carrier selection formula. S-TMSI is allocated at initial attach and can be re-allocated at every TAU. Since S-TMSI is updated the UE will be assigned different paging carriers.
The only case when the UE does not have an S-TMSI is when the UE is in limited service state. In this state the UE is not attached to the network and does not receive paging but still needs to have a well-defined DRX cycle in order to receive SI updates (and ETWS and CMAS notifications if they were to be supported). For limited service state the UE can use IMSI as UE_ID instead of S-TMSI.
We also need to consider the case when the S-TMSI is not available in the network, e.g. after MME re-start. To re-cover from this situation the MME can trigger the UE to re-attach at the next SR or TAU or using IMSI paging (see Section 5.6.2.2.2 in TS 24.301). Since the eNB requires S-TMSI to determine the paging carrier and PO of the UE, IMSI paging will not work anymore. However, we do not consider this a serious limitation as IMSI paging is anyway an optional network feature.
Overall we prefer the simple S-TMSI solution to unnecessarily complex solutions e.g. based on time switching (option b).


	Huawei, HiSilicon

	c
	We think this requirement is reasonable and beneficial for unfair treatment of paging carrier selection. The detail solution needs more time to study. 

	Intel
	b
	We think that it is beneficial to ensure that a UE does not stuck in a carrier that provide poor coverage. A time-based approach can be used. However, we have to make sure that the UE does not need to retune too frequently. For example, we can based on Hyper Frame number and the PNB formula can be:

NB-PC = floor ((UE_ID + HSFN)/(N*Ns)) mod Nn where HSFN is the Hyper SFN

	Sequans 

	b or c
	This issue is more important for UEs in bad coverage situation which can be stuck on a bad carrier, only depending of their IMSI.
For such UEs, it is preferred to have CE-level based carrier selection (as in Issue#3) as it will ensure that most of the time (~90%) these UEs are on the good (boosted) carrier. Otherwise, even if Issue#4 is handled, such UEs will be 100/N % of the time on the good carrier. With one anchor boosted and 3 non-anchor non-boosted, such UEs in bad coverage will be 75% of the time on non-boosted carrier. There would be fair treatment of the UEs but still a very degraded power consumption. Hence handling Issue4 is not the best solution for Issue3, and we prefer Issue3 to be solved.
However, even if Issue3 is addressed and e.g. UE in deep coverage can be assigned to a specific carrier, it can still be beneficial to address issue4 for other UEs (e.g. medium or good coverage). 
* A time-based approach can be used – it does not appear too complex, but 1024HFN cycle needs to be handled (might need an additional HFN bit). 
* S-TMSI approach can be investigated, however it needs S-TMSI reallocation at TAU (in a somehow random way).
* A different approach is to use an additional index stored at NAS level along with the paging assistance information. Such index can be used to indicate a specific carrier or can be randomized. It can be generated by eNB at RRC Release, sent to MME and UE. This would generalize the solution proposed for Issue3.

	CATT

	a
	As the transmit power of different carriers can be configured semi-statically, the unfair treatment of UEs can be avoided.

	Sharp
	a
	We share the same view with Ericsson that this issue may not exist if we consider CE level based carrier selection is confirmed. If so, no need to change current formula.
So we agree that we should not decide on a solution for this issue until we agreed if CE-level based carrier selection is used or not.

	ZTE

	b
	It is easy to find that S-TMSI cannot be used in some scenario. Besides, the S-TMSI changes infrequently as it only changes when TAU or MME change happens. Therefore, it cannot solve the issue completely.
We think that introducing time-domain factor is feasible. It will play the very good result on distributed carrier selection as the different paging carrier may be assigned in different paging cycle. And Such method has little additional complexity.

From the above analysis, we prefer option b.

	Nokia
	c
	We think that this issue needs to be solved, but more study is needed for the actual solution. 

	Qualcomm
	C
	As we have commented in previous question, network could use power boosting to overcome the issue.

	LGE
	a
	  We think there is no need to change current formula.

	
	
	


3.5 Other issues

Companies are asked to describe any other issues related to multi-PRB paging that RAN2 should consider in the table below.

Table 5. Other issues that should be addressed
	Company name
	Comments

	Sequans
	We would like to point out a possible issue with Rel-13 SI update notification procedure.
It is expected that PCCH configuration changes would be rare. However, adding/removing non-anchor paging carriers will be a new use case, and it should be supported without excessive paging service disruption.

In Rel-13, the assumption for performing SI update impacting UE reachability (PCCH configuration) is to use the SI update notification procedure. Our understanding is that, in order to warn all UEs in the cell, the eNB needs to:

•
send  SI update notification during the maximum eDRX cycle (2.91h), on all POs, in order to reach all UEs (NPDSCH if case there is a paging, or NPDCCH direct information DCI when there is no paging in the PO)

•
use for each PO the number of repetitions corresponding to the maximum EC level in the cell
Typically, to reach extreme coverage UEs, at least 128 repetitions could be expected (assuming 6dB power on the anchor carrier, without power boost, 512 repetitions could be expected).
In order to accommodate such number of repetitions on all POs, taking into account invalid SFs, it is likely that a low nB will be required, e.g., 1 PO every 1.28s. 
From 45.820, the traffic pattern for MT yields around 2 pages/s/cell.

With 1 PO every 1.28s, the PO occupation is already 92%. This means that the false paging rate is very high since 92% of the time, the NPDCCH will indicate a NPDSCH and UEs will have to decode it. With even lower PO density, we quickly reach 100% occupation, and in addition paging message size is increased hence NPDSCH duration increases.
In our view, it would be unfortunate that the PO density (nB) is set to a very low value just to accommodate this rare procedure,
Conversely, since anyway Nb-IoT UEs are required to check SI validity every 24h, such SI update notification could be indicated in SIB (along with a 1024-hyperframes countdown indication to synchronize the SI change on a common time boundary in the future).


	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


4 Summary of email discussion

The following ten (10) companies participated in the email discussion: Ericsson, Huawei/HiSilicon, Intel, Sequans, CATT, Sharp, ZTE, Nokia, Qualcomm, and LGE. Based on the comments provided, the following observations can be made:

Regarding paging configuration, most companies prefer that the DRX cycle is common for all carriers. Two companies (CATT and ZTE) suggest using different values for the anchor and non-anchor carriers.  Most companies also propose that the number of NPDCCH repetition is configurable per carrier. One company (Sharp) thinks the decision depends on the outcome of the other issues. Companies had different opinions on whether Nb should be configured per carrier or whether it should be a common parameter.
All companies agree that some form of uneven paging load distribution is needed. Five companies prefer option b alone, one company prefer option b or c, and one company prefer option b, c or d. One company prefer option c or d and two companies prefer option d alone.
With the exception of two companies, no company prefer CE level based carrier selection, i.e. where the UE selects carrier based on its current CE level. The two other companies do not state a specific preference but prefer to study the issue further. Two companies (Sequans and Sharp) suggest an alternative solution where the network assigns a paging carrier based on the last known CE level.
Most companies agree that the issue with unfair treatment of UEs needs to be addressed, although there are different proposals for the actual solution. 
· Two companies prefer option b, i.e. including a time parameter in the carrier selection formula
· One company prefer to address the issue by using S-TMSI instead of IMSI
· One company suggest using either a time parameter or S-TMSI and also propose an alternative solution where the carrier is indicated at connection release
· Two companies believe the issue can be addressed by adapting the carrier output power 

· Two companies prefer to study alternative solutions
One company raised an additional issue regarding the Rel-13 eDRX SI change notification. In the rapporteur’s opinion, the issue does not seem directly related to non-anchor paging but is rather an eDRX related problem.
5 Proposed way forward
Based on the observations in section 4, we have the following proposals:

Proposal 1 The DRX cycle (defaultPagingCycle) is common for all carriers configured for paging.
Proposal 2 The number of NPDCCH repetitions (npdcch-NumRepetitionPaging) is configured per carrier.
Proposal 3 Whether the parameter Nb is common for all paging carriers or configured per carrier is FFS.
Proposal 4 Uneven paging load distribution between anchor and non-anchor carriers is supported. One of the following options will be selected:
- On/Off indication (Option b)
- Weighted distribution between anchor and non-anchor carriers (Option c)
- Weighted distribution between all carriers (Option d)

Proposal 5 CE level based carrier selection (i.e. where the UE selects paging carrier based on its current CE level) is not supported.
Proposal 6 Paging carrier assignment using dedicated signalling (e.g. during RRCConnectionRelase) can be further considered.
Proposal 7 The UE unfairness problem (i.e. where a UE always selects a “bad” carrier due to its IMSI ) should be addressed. The detailed solution is FFS.
6 References

[1] RP-161324, New work item proposal: Enhancements of NB-IoT, 3GPP TSG RAN Meeting #72, Busan, Korea, 13th – 16th June, 2016.
[2] 3GPP TS 36.304, User Equipment (UE) procedures in idle mode
[3] RAN2#95 Chairman’s notes
[4] R2-164990, “Considerations of idle mode paging on non-anchor NB-IoT”, Intel

[5] R2-165657, “Non-anchor carrier Paging in NB-IoT”, Ericsson
[6] R2-165553, “Considerations of idle mode paging on non-anchor NB-IoT”, Sequans
[7] R2-164858, “Consideration for paging on multi-carrier in NB-IoT”, ZTE


14/14


