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1 Introduction
During RAN2 #95bis meeting, some good progress on paging on non-anchor carrier was made for NB-IoTenh. This email discussion on [95bis#26][LTE/NB-IoT] Paging on non-anchor aims to progress on the specification work of paging on non-anchor carrier, including Stage-3 oriented aspects, how to implement, and identify remaining open issues for paging on non-anchor.
 [95bis#26][LTE/NB-IoT] – Paging on non-anchor (Huawei)
-
Stage-3 oriented aspects, how to implement, and identify remaining open issues for paging on non-anchor
-
Intended outcome: Email discussion report to next meeting

-
Deadline: Tuesday 01/11/2016

The deadline of this email discussion is Tuesday, 2016-11-01. 
2 Discussion
This email discussion addresses the following issues: 

-
Stage-3 oriented aspects, how to implement
-
Remaining open issues for paging on non-anchor
2.1 Stage-3 oriented aspects
For the implementation of the signaling, we think that the following aspects need to be looked at
1. Configuration of the downlink carriers that can be used for paging

2. Paging configuration for each carrier

3. UE support indication

2.1.1 Configuration of the downlink carriers that can be used for paging

At RAN2#95, it was agreed that the system information will include a list of carriers that can be used for paging
· NB-IoT system information includes a list of carriers which can be used for paging.

Two aspects need to be decided: 
· Which information needs to be provided for the UE to be able to receive PDCCH/PDSCH on the downlink carrier 

· How many DL carriers can be configured and Where (i.e. in which SIB) this information is provided.
As a starting point, we propose to use the configuration provided in dedicated signaling for a non-anchor DL carrier

DL-CarrierConfigCommon-NB-r14 ::=
SEQUENCE {


dl-CarrierFreq-r14





CarrierFreq-NB-r13,


downlinkBitmapNonAnchor-r14



CHOICE {



useNoBitmap-r14






NULL,



useAnchorBitmap-r14





NULL,



explicitBitmapConfiguration-r14


DL-Bitmap-NB-r13,



spare








NULL


}

OPTIONAL,
 -- Need ON


dl-GapNonAnchor-r14





CHOICE {



useNoGap-r14






NULL,



useAnchorGapConfig-r14




NULL,



explicitGapConfiguration-r14


DL-GapConfig-NB-r13,



spare








NULL


}

OPTIONAL,
 -- Need ON


inbandCarrierInfo-r14




SEQUENCE {



samePCI-Indicator-r14




CHOICE
{




samePCI-r14







SEQUENCE {





indexToMidPRB-r14





INTEGER (-55..54) 




},




differentPCI-r14



SEQUENCE {





eutra-NumCRS-Ports-r14


ENUMERATED {same, four}




}



} 






OPTIONAL,

-- Cond anchor-guardband


eutraControlRegionSize-r14


ENUMERATED {n1, n2, n3}



}







OPTIONAL,

-- Cond non-anchor-inband


nrs-PowerOffsetNonAnchor-r14


ENUMERATED {dB-12, dB-10, dB-8, dB-6, 













dB-4, dB-2, dB0, dB3}
}

Discussion point 1: Companies are invited to provide their views on the configuration parameters for a downlink non-anchor carrier. 

Please indicate if any parameter is not necessary or missing in the above example, as well as which parameters are candidate for delta configuration and if the structure needs to be revised to allow delta configuration.
Table 1. Company's view on Discussion point 1
	Company’s name
	Comments

	Ericsson
	We believe we can use the same configuration provided in dedicated signaling for a non-anchor DL carrier (DL-CarrierConfigDedicated-NB-r13) and so far we haven’t identified any missing or unnecessary parameters.
If we are not changing or adding any parameter we should consider re-using the DL-CarrierConfigDedicated-NB-r13 type instead of defining a new type as is done in the example above. The list of DL non-anchor carriers would then be defined as follows:
DL-NonAnchorCarrierList-r14::=
SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF DL-CarrierConfigDedicated-NB-r13
Regarding the delta configuration aspect, we think the delta configuration already provided by DL-CarrierConfigDedicated-NB-r13 is sufficient. Parameters such as useAnchorBitmap and useAnchorGapConfig makes it possible to re-use the anchor carrier configuration which reduces signaling.


	Intel
	· All the information in the example is needed for the DL non-anchor carrier for paging. As on the name of the IE, we think that it is good to indicate that the additional DL carrier configuration is for non-anchor carrier (e.g. DL-NonAnchorCarrierConfigCommon-NB-r14. We are fine with reusing the DL-CarrierConfigDedicated-NB-r13

	Huawei, HiSilicon
	· We believe that the information provided in the example is needed and complete. If RAN2 agrees that there is no need for further signalling optimization , e.g. for delta configuration, then IE DL-CarrierConfigDedicated-NB-r13 can be reused

	Sequans
	· We agree to reuse DL-CarrierConfigDedicated-NB-r13

	ZTE
	· Agree with Ericsson

	CATT
	· The configurations of paging carrier are independent with each other and the proposed ASN seems OK except nrs-PowerOffsetNonAnchor which should be optional. The new IE DL-CarrierConfigCommon-NB is used for non-anchor paging carrier only and we prefer to change the name of the IE to DL-CarrierConfigNonAnchor-NB.

	Nokia
	· existing IE DL-CarrierConfigDedicated-NB-r13 provides all the required configuration parameters for a downlink non-anchor carrier


It was agreed that a list of non anchor carriers will be provided in system information. A possible configuration example is provided below

SystemInformationBlockTypeX-NB-r1x ::=
SEQUENCE {
......

dl-NonAnchorCarrierList-NB-r14 ::=
SEQUENCE (SIZE (1.. maxDL-NonAnchorCarriers-NB-r14)) OF DL-CarrierConfigCommon-NB-r14
 OPTIONAL
-- Need OR

}

Discussion point 2: Companies are invited to provide comments on the above example and indicate their view on whether SIB2 or a new SIB should be used and view on the value of maxDL-NonAnchorCarriers-NB-r14. 

Table 2. Company's view on Discussion point 2
	Company’s name
	Comments

	Ericsson
	The list of DL carriers should be configured in SIB2. Either directly in SIB2 or under radioResourceConfigCommon.
We believe a maximum of 32 DL carriers is sufficient for most practical scenarios. Considering that only the dl-CarrierFreq parameter consumes ~20 bits it may also be difficult to signal more carriers than this due to the TBS limitation of 680 bits.
Our understanding from the configuration example above is that not all DL carriers in the list need to be configured as paging carriers (this is the reason why you have you have two separate parameters maxDL-NonAnchorCarriers-NB-r14 and maxNonAnchorPagingCarriers-NB-r14). We think this is a good idea as this makes it possible to use a subset of the carriers for paging and another subset in the RA configuration.
However, we do not see the need to have different max number of carriers for UL and DL, but would rather have a common setting:
maxNonAnchorCarriers-NB-r14
INTEGER ::=
32
-- Maximum number of non-anchor carriers for NB-IoT


	Intel
	SIB 2 can be used for the non-anchor carrier configuration and the dl-NonAnchorCarrierList-NB-r14 should be defined within RadioResourceConfigCommonSIB-NB IE.
As on the maxDL-NonAnchorCarriers-NB-r14: since there is no restriction on the location of the non-anchor carrier, except for the central 6 or 7 PRBs coinciding with LTE PBCH/PSS/SSS in case of in-band deployment, it could support a larger number of non-anchor carriers. For instance, a value of 31 seems fine (including anchor carrier is 32).

	Huawei, HiSilicon 
	We prefer to have the list and configuration of the non anchor carriers in a new SIB as this will affect the size of SIB2 and may not fit depending on how many carriers are supported. Also, this will impact the power consumption of legacy UEs that do not need the information. 

W.r.t maxDL-NonAnchorCarriers-NB-r14, we assume that the list we include carrier for paging but also carriers for PRACH or other purpose. Although there is no restriction on how many carriers can be used a non–anchor  carriers, we should consider the power consumption associated with SI acquisition and keep the size of the list to a reasonable value, e.g 16 . 

We agree with E/// comments that maxDL-NonAnchorCarriers-NB-r14 and maxNonAnchorPagingCarriers-NB-r14 can be the same and that the same value can also be used for the UL non-anchor carriers. Thus, one parameter maxNonAnchorCarriers-NB-r14 is enough.

	Sequans
	We have no strong view regarding a new SIB or using SIB2. 

Given that DL carriers can be used for paging or CSS_RA or both, 32 seems a reasonable value.

	ZTE
	We agree that the list of DL carriers should be configured in SIB2. Either directly in SIB2 or under radioResourceConfigCommon. We are fine with a maximum of 32 DL carriers. But we think it may be possible that max number of carriers for UL and DL are different.

	CATT
	The list of non-anchor carrier can be used for both paging and RA to minimize signalling overhead. The number of paging carrier maxDL-NonAnchorCarriers-NB depends on the deployment of the network and the maximum number should be less than 32. We prefer to use a new SIB for R14 UEs which support RACH or paging on non-anchor carriers. Otherwise, it causes power consumption for other UEs, such as R13 UEs and R14 UEs with low capability.

	Nokia
	SIB2 can be used and maximum of 32 DL carriers seems sufficient


2.1.2 Paging configuration for a non anchor carrier

At RAN2#95bis, the following agreement were made w.r.t to the paging configuration for a non anchor carrier

· The DRX cycle (defaultPagingCycle) is common for all carriers configured for paging.

· The number of NPDCCH repetitions (npdcch-NumRepetitionPaging) is configured per carrier.

· Nb is common for all paging carriers.

· Uneven paging load distribution between anchor and non-anchor carriers is supported. Weighted distribution between all carriers (Option d)
· CE level based carrier selection (i.e. where the UE selects paging carrier based on its current CE level) is not supported.
The paging configuration is currently provided in SIB2 in IE RadioResourceConfigCommon and it is proposed to extent the configuration to support multiple DL carriers for paging.

RadioResourceConfigCommonSIB-NB information element
-- ASN1START
RadioResourceConfigCommonSIB-NB-r13 ::=
SEQUENCE {

rach-ConfigCommon-r13 




RACH-ConfigCommon-NB-r13,

bcch-Config-r13 






BCCH-Config-NB-r13,

pcch-Config-r13 






PCCH-Config-NB-r13,


nprach-Config-r13





NPRACH-ConfigSIB-NB-r13,


npdsch-ConfigCommon-r13




NPDSCH-ConfigCommon-NB-r13,


npusch-ConfigCommon-r13




NPUSCH-ConfigCommon-NB-r13,

dl-Gap-r13







DL-GapConfig-NB-r13


OPTIONAL,

-- Need OP

uplinkPowerControlCommon-r13


UplinkPowerControlCommon-NB-r13,

...,


[[
nprach-Config-v1330




NPRACH-ConfigSIB-NB-v1330
OPTIONAL

-- Need OR

]],

[[



pcch-Config-v14xx 




PCCH-Config-NB-v14xx

OPTIONAL

-- Need OR

]]

}
BCCH-Config-NB-r13 ::=




SEQUENCE {


modificationPeriodCoeff-r13



ENUMERATED {n16, n32, n64, n128}

}

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}

}

PCCH-Config-NB-v14xx ::=



SEQUENCE {

weightAnchorCarrier-r14




ENUMERATED {w0dot25, wodot50, w0dot75, w1},
OPTIONAL 
-- need OR

pcch-ConfigNonAnchorCarrierList-r14

SEQUENCE (SIZE (1.. maxNonAnchorPagingCarriers-NB-r14)) OF PCCH-ConfigNonAnchorCarrier-NB-r14
 OPTIONAL
-- Need OR

}

PCCH-ConfigNonAnchorCarrier-NB-r14::=
SEQUENCE {

dl-CarrierIndex






INTEGER (1..maxDL-NonAnchorCarriers-NB-r14),

npdcch-NumRepetitionPaging-r14


ENUMERATED { 












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













r256, r512, r1024, r2048, 













spare4, spare3, spare2, spare1},


weight-r14







ENUMERATED {w0dot25, w0dot50, w0dot75, w1}
}

-- ASN1STOP
Discussion point 3: Companies are invited to provide comments on the proposed configuration example and on the value of maxNonAnchorPagingCarriers-NB-r14.

Please indicate if any parameter is not necessary or missing in the above example, as well as which parameters are candidate for delta configuration and if the structure needs to be revised to allow delta configuration.
Table 3. Company's view on Discussion point 3
	Company’s name
	Comments

	Ericsson
	We believe a maximum of 16 or 32 paging carriers is sufficient for most practical scenarios. The number of paging carriers is also limited by the total number DL non-anchor carriers that can be configured, and as pointed in our answer to the previous discussion point, it may not be possible to signal more than 32 carriers due to the limited size of SIB2.

We agree with the proposed configuration example except for the weight values. We prefer the use of relative weights and not absolute weights (if that is the intention here). Further, we think it is important to be able to set a zero weight for the carrier, both the anchor and the non-anchor carriers. (Editorial, weight-r14 could perhaps be used also for the anchor carrier).
Delta configuration could potentially be used for npdcch-NumRepetitionPaging. One way to achieve this would be to make the parameter optional and if it is omitted the same configuration as the anchor carrier would be used. As the parameter consumes 4 bits and making it optional costs one bit, 3 bits can be saved at most. Since the gains are limited delta configuration may not be necessary in this case. However, to be consistent with the NPRACH configuration we may still want to consider using it. For the weights it may better to use a default value rather than delta configuration.


	Intel
	The proposed example looks fine. As on the maxNonAnchorPaging, we are fine with 16 or 32 paging carriers. The granularity of the weight should be based on maxNonAnchorPaging+1.
As on the possible delta configuration, the npdcch-NumRepetitionPaging-r14 should be made optional and only be present if it differs to the anchor carrier.  Also maybe it is good the group the weight for anchor and non-anchor into one optional list to ensure consistency (e.g. if weight for anchor carrier is not present, the weight for the non-anchor carrier is not present) and also allow not having to indicate the weight for the carrier if they are equally distributed.

	Huawei, HiSilicon
	The proposed example looks fine. We need to discuss the granularity of the weight and whether they are absolute as in the example or relative. 

w.r.t delta configuration, we think npdcch-NumRepetitionPaging-r13 should be optional.

We also think that the weights could be signalled in a separate list, which absence would mean, equal probability



	Sequans
	We think the indirection (using a dl-CarrierIndex) may add useless overhead.

Instead one could consider

pcch-ConfigNonAnchorCarrierList-r14

SEQUENCE (SIZE (1.. maxDL-NonAnchorCarriers -NB-r14)) OF PCCH-ConfigNonAnchorCarrier-NB-r14
 OPTIONAL
-- Need OR

And e.g. a CHOICE in PCCH-ConfigNonAnchorCarrier to configure or not PCCH for a given carrier.

This way all DL carriers could possibly be configured with PCCH.

Regarding the weight, it could be an integer between 0 and 32, assuming a total of 32 carriers.

	ZTE
	The proposed configuration structure looks fine. 
For the maxNonAnchorPagingCarriers, we are fine with the maximum of 16 or 32 paging carriers.

We prefer to take an integer value as relative weight, for example:

weight-r14    ENUMERATED {w1, w2, w3, w4}

	CATT
	We prefer that both of npdcch-NumRepetitionPaging and weight are optional (need OP) to reduce signalling overhead. If it is absent, the weight of anchor carrier should be used for the non-anchor carrier.Change dl-CarrierIndex to nonAnchorCarrierIndex-r14, weight-14 to weightAnchorCarrier-r14.
The definition of weight needs to be clarified, percentage or constant. 
We prefer to use a new SIB to transmit PCCH configuration for non-anchor carriers for R14 UEs which support paging on non-anchor carriers. Otherwise, it causes power consumption for other UEs, such as R13 UEs and R14 UEs which do not support paging on non-anchor carriers.

	Nokia
	The proposed example looks ok.


2.1.3 UE support indication
When multi-carrier paging is supported in NB-IoT, both UE and eNB can determine the paging carrier by a formula. In order for the eNB to decide whether to apply the formula, it needs to know whether the UE supports paging on non-anchor carrier. Thus, the UE should report the capability of receiving paging on a non-anchor carrier.

This is usually provided in the UE-RadioPagingInfo IE which is transmitted by the eNB to the MME and forwarded by the MME to the eNB together with the paging message.
A proposal is provided below.

UE-RadioPagingInfo-NB information element

-- ASN1START

UE-RadioPagingInfo-NB-r13 ::=

SEQUENCE {


ue-Category-NB-r13




ENUMERATED {nb1}


OPTIONAL,


...,


[[paging-NonAnchorCarrier-NB-r14 
ENUMERATED {true}


OPTIONAL


]]

}

-- ASN1STOP

	UE-RadioPagingInfo-NB field descriptions

	ue-Category-NB

UE NB-IoT category as defined in TS 36.306 [5].

	paging-NonAnchorCarrier

Indicates whether the UE supports paging on non-anchor carrier.


Discussion point 4: Companies are invited to provide their view on the extension of UE-RadioPagingInfo-NB. 
Table 4. Company's view on Discussion point 4
	Company’s name
	Comments

	Ericsson
	We agree with the proposed change. To see the full gains of the feature we further think the feature should be mandatory to Rel-14 UEs and that “paging on non-anchor carrier” should be an UE IOT capability.

	Intel
	Agree with the proposal. Supporting of non-anchor carrier for paging should be an optional feature for Rel-14 NB-IoT UE.

	Huawei, Hisilicon
	We agree with the proposal.

As for any new feature, to facilitate UE’s upgrade to the next release and meet time to market requirement, the feature should be optional for all REL-14 UEs.



	Sequans
	We agree with the proposal.

	ZTE
	We agree with the proposed change.
The capability of supporting non-anchor carrier should be provided in UE-RadioPagingInfo IE. It also can be transmitted by the eNB to the MME and forwarded by the MME to the eNB together with the paging message.

	CATT
	Agree.

	Nokia
	Agree


2.2 Remaining open issues
2.2.1 Paging carrier selection formula
There seemed to be a consensus among companies to, as a baseline, use the eMTC expression for calculating the paging carriers of UEs based on UE_ID: 

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

where PNB is the paging narrowband, the UE_ID is IMSI mod 16384, Ns the subframe indication, N is min(T,nB), where T is the default paging cycle and nB gives to number of POs/PFs with within T, and finally Nn is the total number of narrowbands.
Discussion point 5: Companies are invited to provide their view on how to extend the formula by taking the weight factors and the maximum number of paging carriers into account.
Table 5. Company's view on Discussion point 5
	Company’s name
	Comments

	Ericsson
	Use the eMTC expression to assign UEs to virtual paging carriers as suggested by Qualcomm in R2-166699. The weight of a carrier would correspond to the number of virtual carriers associated with it. (E.g. a carrier with weight=2 would have two associated virtual carriers and hence it would get twice the paging load of a carrier with weight=1).

	Intel
	Assume UE is distributed uniformly over the UE ID and weight is a percentage of the overall Rel-14 UEs, each carrier will carry a distinct proportion of the UE_IDs based on the weight percentage. The formula for the NB-IoT Paging Carrier (NB-PC) can be defined as:

NB-PC is smallest number satisfying following equation

UE_ID < range of UE ID*(W(1) + W(2) + … + W(NB-PC))

where 

Nn is the number of paging carriers provided in the system information, 

NB-PC is 1..Nn

W(i) is weighted distribution factors of Nn paging carriers.

Range of UE ID = 4096*32 if maximum of 32 paging carriers for NB-IoT

The range of the weight will depend on the maximum possible number of paging carriers. If it is agreed that the maximum number of paging carriers is 32, then the range of the weight could be {0, 3.125%, 6.25%, 12.5%, …., 96.875%}.

· 

	Sequans
	We think we cannot directly reuse eMTC formula as in the max nB case, only 2 bits would be available, and it would not be possible to address more than 4 carriers.

We propose the following, assuming 32 paging carriers:

- UE_IDpaging_carrier = floor(UE_ID/2^7)  (i.e., we keep the 5 MSBs)

- UE_IDpaging_carrier determines 32 UE_ID ranges.

Then each weight W(i) between 0 and 32 indicates the number of consecutive ranges associated to a carrier.

Hence, NB-PC is smallest number satisfying following equation

UE_IDpaging_carrier < W(1) + W(2) + … + W(NB-PC)
This is similar to Intel’s proposal. However we think it is important to use the 5 MSBs, in order to avoid correlations with PF/POs. And using integer weights simplify the calculation.

It can be further discussed whether we need to extend the UE_ID to more than 12 bits (4096 groups).
In our view this is not required. 

The decision should be based on the total desired amount of paging groups.

With the decision to have eDRX using S-TMSI bits, the UEs are already spread over a huge amount of paging groups. In [5], we have calculated the PO occupation for different configurations. It can be seen that when UEs are distributed over 1024 groups (nB=T=10.24s), the PO occupation is around 2%. So, 4096 groups are largely enough.
What is important is to effectively distribute the UEs by using all the 12bits.



	ZTE
	With introduction of weight factors, we could have the following paging carrier selection formula: 
UE-ID-W=floor(IMSI/(N*Ns)) mod W  

Where, 
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However, we notice that, if the IMSIs of the UEs have some special characteristics, it’s possible that all the calculated UE-ID-W are same. Then all the UEs will choose the same carrier. The expected uneven paging load distribution can’t be achieved. If we replace the UE-ID-W with a random or a variable number, the weight factors may take their effect. But we know that a random number can’t be used in paging carrier selection since all the parameters in the paging carrier selection formula should be known by both UE and eNB. Then a variable number could be considered.

So we propose to introduce a variable time factor into the paging carrier selection formula, it will optimize uneven paging load distribution. 

The proposed paging carrier selection formula after introduction of time factor is as following:
UE-ID-T=floor(IMSI/(N*Ns)+A) mod W  
Where, A=SFN or H-SFN ; 
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2.2.2 Camping on anchor carrier or paging carrier
At RAN2#95bis, there were proposals for camping on the paging carrier or the anchor carrier. In 36.304, the UE behaviors for camping on a cell are clearly defined in Section 5.2.6. After introducing non-anchor paging carrier for NB-IoT, whether the concept for camping on a cell remains the same should be discussed. If camping on the paging carrier (non-anchor carrier), the UE behaviors (e.g. SI monitoring, measurements for cell reselection, etc.) should also be performed on the paging carrier (non-anchor carrier).
Discussion point 6: Companies to provide their preference together with a justification by considering the following options: 

(6.a) Anchor carrier,
(6.b) Paging carrier, which behaviour(s) should also be performed on paging carrier.
Table 5. Company's view on Discussion point 6
	Company’s name
	option
	Comments

	Ericsson
	6.a
	Cell camping is a term defined in 36.304 and refers to a specific UE state where the UE is supposed to perform certain tasks. Some of these tasks (e.g. SI reading) is always done on the anchor carrier while others may be performed on either the anchor carrier or a non-anchor carrier depending on how the cell is configured (e.g. monitoring Paging). In our opinion the UE always camps on a cell and we should avoid talking about camping on an anchor carrier or non-anchor carrier as it is unclear what this means.

What we rather should be discussing is on which carrier type the different tasks are performed. The following tasks are listed in Section 5.2.6 in 36.304:

· Paging monitoring (anchor or non-anchor carrier)

· System information acquisition (anchor carrier only)

· RSRP/RSRQ measurements for cell re-selection (?)

· Execute the cell-reselection on specific triggers (not relevant)
The only open issue seems to be where to perform the RSRP/RSRQ measurements for cell reselection. As a network vendor we would prefer if the measurements are performed on the anchor carrier to avoid having to continuously transmit NRS on the non-anchor carriers. This reduces interference and allows non-anchor carriers to be used by LTE when there is no ongoing paging/traffic. But we of course also need to consider the potential UE impact. Note that RAN1 is already discussing this issue and we should let them make the decision as they have the necessary expertise in this area.

	Intel
	6.a
	We are fine with UE camping on anchor carrier. 
However, the UE may assume that NRS is transmitted not only in the subframes used to actually transmit NPDCCH and NPDSCH related to paging/direct indication, but also in the subframes corresponding to the Type-1 NPDCCH CSS even if the NPDCCH is not transmitted. Thus, the UE can still use the NRS for time-freq. tracking, especially when monitoring for a large number of repetitions in the Type-1 NPDCCH CSS. 

We acknowledge that it is currently being discussed in RAN 1 and we should wait for RAN 1 to make a decision on the NRS transmission in non-anchor carrier.


	Huawei, HiSilicon
	6.a.
	We prefer to keep the existing definition of camping and have UE performing measurements on the anchor carrier, 

In addition, when the UE wakes up from eDRX, it will first need to resynchronize on the cell using PSS/NSS and perform measurement to check that it is on the best cell.

	Sequans
	None
	We agree with Ericsson that the UE always camps on a cell and we should avoid talking about camping on an anchor carrier or non-anchor carrier as it is unclear what this means.

	ZTE
	6.b
	If IDLE UE camps on anchor carrier, the UE needs to turn to non-anchor carrier to receive paging message. Receiving system information and measurement for cell reselection still perform on anchor carrier. Considering the frequency of paging is higher than that of the modification of system information, it may cause much energy consumption since the UE needs to move between non-anchor carrier and anchor carrier frequently.
So we think the UE can camps on a paging carrier (non-anchor carrier) and turns back to anchor carrier to receive SIBs if it gets the change notification of SIBs. Moreover, if NRS is transmitted on non-anchor carrier, UE can execute measurement on non-anchor carrier. The measurement results for non-anchor carriers could be more accurate than the estimates of non-anchor carrier deduced from measurements on anchor carrier. And the power consumption caused by frequently returning to anchor carrier will be reduced.
We also agree the choice can be made after the RAN1 decision about whether NRS is transmitted on non-anchor carrier.

	CATT
	6.a
	It should be discussed in case of cell selection and in case of cell reselection separately. 
It is obvious that anchor carrier should be used in cell selection. Since paging carrier information of neighbor cells cannot be acquired and it causes signalling overhead if the information is broadcasted in the serving cell system information, we prefer that anchor carrier is used in cell reselection. 

	Nokia
	6.a?
	However it needs to clarified that the UE camps on the cell on anchor carrier and not on anchor carrier


2.3 Other issues

Companies are asked to describe any other issues related to Stage-3 oriented aspects, how to implement, and identify remaining open issues for paging on non-anchor for NB-IoT that RAN2 should consider in the table below.

Table 8. Other issues that should be addressed
	Company name
	Comments

	Ericsson
	For the potential problem of stationary UEs being stuck in fading dips, and to be able to provide better battery life to UEs in high CE, we propose to support of RRC re-configuration to another paging carrier than the one based on UE_ID. Even though we do not think it is a big issue, this could also be used if it is later shown that UE unfairness is indeed a problem. Or to other unforseen events in the future.

	Sequans

	We agree with Ericsson and support having some dedicated paging carrier mechanism to address the issue of UEs in high CE being stuck on a bad carrier.
In our view such mechanism may be based on the last known CE level, ensuring common knowledge of the paging carrier between UE and CN.

	Sequans

	We would like to consider the potential inefficiency of the SI change notification through paging in the context of NB-IoT with several paging carriers.

During eDRX / eMTC WIs, it was acknowledged that this procedure is resource consuming, however it was not considered an issue.
With NB-IoT, the following changes further increase the resource consumption of the procedure:

- eDRX acquisition period extended from 43m to 2.91h

- max NPDCCH repetitions increased (2048)

- non-anchor paging carriers
So far, this was considered a rare procedure but it might not be so rare with non-anchor paging carriers (e.g., some companies proposed to regularly update the power boost of each carrier, etc).

We have discussed this issue in [5].



	
	

	
	


3 Email discussion result
3.1 Summary
The following 8 companies participated to the e-mail discussion: Ericsson, Intel, Huawei, HiSilicon, Sequans, ZTE, CATT, Nokia.
3.1.1 Signalling aspects

Discussion point 1: configuration of the downlink carrier
· All companies agree that the existing IE DL-CarrierConfigDedicated-NB-r13 provides all the required configuration parameters for a downlink non-anchor carrier and already provides enough opportunity for delta configuration.

Proposal 1: Reuse IE DL-CarrierConfigDedicated-NB-r13 to provide all the configurations for a downlink non-anchor carrier.
Discussion point 2: Which SIB and how many downlink non-anchor carriers

· All companies agree that the same list of DL non-anchor carriers provide the carriers used for paging and the carriers used for random access.

Proposal 2.1: There is a single list of DL non-anchor carriers, these carriers can be used for paging and/ or RACH. 
· 4 companies prefer to provide the list of DL non-anchor carriers in SIB2 (either at the top level or within IE radioResourceConfigCommon), one company has no strong opinion, and three would prefer a new SIB considering the impact on power consumption for legacy UEs and also the increased size od SIB2.
Proposal 2.2: RAN2 to discuss further where the list of DL non-anchor carriers should be provided, SIB2 or a new SIB.
· 6 companies propose that the list can include up to 32 entries while two companies would prefer to limit to 16 entries to limit the amount of system information broadcast.
Proposal 2.3: Up to 32 DL non-anchor carriers can be signalled in system information.
Discussion point 3: Paging configuration for a non anchor carrier

· All companies think that the proposed example is OK as a baseline but there are some aspects should be discussed further. 
Proposal 3.1: IE npdcch-NumRepetitionPaging should be optional to allow delta configuration.
Proposal 3.2: RAN2 to discuss whether the maximum of paging carriers should be 16  or 32.

Proposal 3.3: RAN2 to discuss whether the list should contain the index of the DL carrier as in the example or replicate the list of DL carriers, with absence meaning that the carrier is not used for paging.
Proposal 3.4: RAN2 to discuss whether the weights should be signalled as a separate list, which could be made optional meaning ‘equal probability’, or with the configuration parameters of each paging carrier as proposed in the example.
Proposal 3.5: RAN2 to discuss the definition and granularity of the weights.
Discussion point 4: extension of UE-RadioPagingInfo-NB.
· All companies agree with the reporting of the capability to support paging on non-anchor PRB in IE UE-RadioPagingInfo-NB and with the proposed extension on the IE.
Proposal 4.1: IE UE-RadioPagingInfo-NB is extended to include an indication that the UE supports paging on non-anchor carrier.
· Some companies expressed views on whether the feature should be mandatory or optional but the question was not asked. So this should be further discussed.
Proposal 4.2: RAN2 to discuss the optionality of supporting paging on non-anchor PRB.
3.1.2 Remaining issues
Discussion point 5: Paging carrier selection formula

· A number of companies have provided proposals for the paging carrier selection formula. But as this is highly dependent on the definition of the weights, this should be discussed after we have discussed the weights.
Proposal 5: RAN2 to discuss the paging carrier selection formula after having agreed the definition of the weight definition.
Discussion point 6: Camping on anchor carrier or paging carrier
· 6 companies prefer to keep the current definition of camping and to perform the measurement on anchor carrier. One company prefer camping on the paging carrier. Two companies indicate that this is discussed in RAN1.
Our understanding is that the decision of where to camp and perform measurements is a RAN2 decision. Then, the feasibility may be checked with RAN1 

Proposal 6: RAN2 to agree that UE camps and performs measurement on the anchor carrier.
Discussion point 7: other issues
· 2 companies raise again the issue of stationary UEs being stuck on a bad carrier and would like to address the problem.

One company would like to consider the potential inefficiency of the SI change notification through paging in the context of NB-IoT with several paging carriers.

3.2 Recommendation

Based on the summary in the previous section, we have the following proposals

Proposal 1: Reuse IE DL-CarrierConfigDedicated-NB-r13 to provide all the configurations for a downlink non-anchor carrier.
Proposal 2.1: There is a single list of DL non-anchor carriers, these carriers can be used for paging and/ or RACH. 
Proposal 2.2: RAN2 to discuss further where the list of DL non-anchor carriers should be provided, SIB2 or a new SIB.
Proposal 2.3: Up to 32 DL non-anchor carriers can be signalled in system information.
Proposal 3.1: IE npdcch-NumRepetitionPaging should be optional to allow delta configuration.
Proposal 3.2: RAN2 to discuss whether the maximum of paging carriers should be 16  or 32.

Proposal 3.3: RAN2 to discuss whether the list should contain the index of the DL carrier as in the example or replicate the list of DL carriers, with absence meaning that the carrier is not used for paging.
Proposal 3.4: RAN2 to discuss whether the weights should be signalled as a separate list, which could be made optional meaning ‘equal probability’, or with the configuration parameters of each paging carrier as proposed in the example.

Proposal 3.5: RAN2 to discuss the definition and granularity of the weights.
Proposal 4.1: IE UE-RadioPagingInfo-NB is extended to include an indication that the UE supports paging on non-anchor carrier.
Proposal 4.2: RAN2 to discuss the optionality of supporting paging on non-anchor PRB.
Proposal 5: RAN2 to discuss the paging carrier selection formula after having agreed the definition of the weight definition.
Proposal 6: RAN2 to agree that UE camps and performs measurement on the anchor carrier.
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