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1
Introduction

This document presents a report for the following email discussion:
· [96#32][NR] RAN notification area definition (Samsung)


Consider alternatives for the RAN notification area and attempt to conclude a way forward

The document aims at covering possible options for configuring the RAN notification area, further specific details of each option, as well as initial view on which option, or a combination of options, will be further considered. 
2
RAN notification/tracking area 
2.1 Background information 

Referring to the RAN2 agreements presented in the document Annex, a UE in the INACTIVE can be configured with the RAN notification/tracking area, whereupon:

-
a notification area can cover a single or multiple cells, and can be smaller than TA area;

-
a UE does not send any "location update" indication when it stays within the boundaries of the area (except external triggers such as MO call); 
-
leaving the area a UE updates its location to the network.
Figure 1 below shows an exemplary area that comprises cells #1-5. As long as a UE stays within that area, a UE does not send any notification. If it moves to e.g. cell #6, then the corresponding notification will be sent. Next sub-section presents a summary of major options on how the RAN notification/tracking area can be defined. For the sake of further simplicity we will assume that regardless of how the RAN notification/tracking area is defined, a UE follows the same general principles as mentioned above.
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Figure 1: An example of RAN notification/tracking area.
2.2 Possible options for notification/tracking area
Based on contributions [2-15], there are several different options for the NR RAN notification/tracking area. Here we provide a short overview of different RAN notification/tracking area options elaborating on their key aspects and characteristics.
1.
Single cell. As follows from its name, this option assumes that the RAN notification/tracking area comprises a single cell. A UE updates its location every time it moves from one cell to another, and as a result the network knows in which cell the UE is.
2.
A list of cells. With this option a UE is provided an explicit list of cells that constitute the RAN notification/tracking area. 
NOTE: No assumption is made on the minimum/maximum list size (see also Q2 in section 2.3).
3.
RAN area. This option is logically similar to the solution 2 above in a sense that notification/tracking may comprise more than one cell. However, instead of a cell list, a UE is provided a so-called RAN area ID, while a cell broadcasts ID in the system information. 


NOTE: No assumption is made is whether a UE can be configured with one or several IDs, and whether a cell broadcasts only one ID (see also Q3 in section 2.3).

4.
CN area. This option is similar to option 3, but the notification/tracking area is same as the CN tracking area.  
2.3 Open questions/issues for possible options

As summarized in section 2.2 above, there are several different options for how the notification/tracking area can be defined and signaled to the UE. Assuming that the aforementioned solutions are not mutually exclusive, but rather can be combined or complement each other, one of the first questions is which option, or a combination of them, should be considered further for NR. As an example: option 2 can cover both option 1 and 2 if the list can contain just one entry; network can use either ID or a list of cells to configure the notification/tracking area; etc.  
Q1: Which option, or combination of options, should be considered for NR?
	Company 
	Comments

	Nokia
	RRC_INACTIVE in NR can consist of large and small areas and in different deployments different options are more optimal. Do we even now know what is CN area and does NAS require AS to provide in each cell e.g. CELL IDENTITY or will there be some new areas defined for CN in NR? Before we know answers to these it might be bit premature to drop any option out.  But assuming RAN paging area is controlled by RAN then only option we can consider not using is “CN area” at this point of time – other alternatives should be kept on table – in fact it might be better to define both option 1 and 2 in order to have flexible method for NRs various scenarios.

	Huawei
	We consider option 4 undesirable because it would be good to have RAN paging be able to cover a smaller area than the CN tracking area.  Option 1 is just a special case of option 2, and we don’t see that there should be any special requirement to force the area to be a single cell.  Thus we are open to options 2 and 3, which are functionally similar for the UE.  Of these, option 2 is somewhat higher complexity due to the need to formulate and retain the lists of cells, while option 3 is somewhat less flexible due to all UEs seeing the same RAN area boundaries.  We would like to restrict to options 2 and 3, and this tradeoff can be discussed further.

	ITRI
	Considering different deployments and the UE mobility, RAN notification/tracking area could be small in some cases and be large in others. For small RAN notification/tracking area, a list of cells would be sufficient to support Inactive state in NR. We also consider that Option 1 is the special case of Option 2. For large RAN notification/tracking area, it would be more reasonable to adopt Option 3. From our point of view, the purpose of CN area and RAN area are different. The RAN notification/tracking area is not necessary to be the same as the CN tracking area.

	LG
	Basically, we think that notification area is configured by network depending on the situation, e.g., traffic overload, traffic overload mitigation and the UE speed. From this perspective, the define of the notification also should be flexible so option 4 is rather unsuitable and option 3, to broadcast RAN area ID could be a burden to a UE not in the INACTIVE. Option 2 (list of cell IDs) provides a high degree of flexibility, while it would require so much configuration signalling if the RAN area consists of hundreds of cells. Therefore, we think that combination of option 2 (list of cell IDs) and 4 (list of CN area IDs) can be considered as a candidate solution. By using both cell ID and CN area ID for RAN area configuration, we can significantly reduce configuration signalling compared with option 2, while still maintaining high flexibility.

	ZTE
	Option 3 which is more signalling efficient should be included. Option 4 should be excluded, as we expect the RAN notification area is most likely larger than the CN tracking area. Option 1 can be considered as a sub-case of Option 2. No strong view on whether Option 2 should be included.

	OPPO
	Firstly, we agree that option 4 should be excluded as previous commented by companies. And we also agree that the option 1 is one special case for option 2. Regarding option 2 and option 3, we consider the cell list in option 2 could be per UE configured, while option 3 is more like a network configuration which may be static. Since option 2 could provide much more flexibility for the network to configure the notification area for the UE, we consider option 2 is the preferred solution.

	Coolpad
	We think option 1 and option 4 can be excluded as companies commented.  For option 2 and option 3, we think both of them have pros. and cons.  Option 2 could be more flexible in the sense that there is no need to configure an ID for the RAN node to broadcast.  Option 3 may be good at saving the # of bits because list of cells may occupy more bits than RAN area ID and also provide kind of per-UE control.  We think both option 2 and option 3 can be kept for further study.

	DOCOMO
	All options should be considered at this stage.

Option 1 is special case of option 2. Option 2 may be used to address small to medium RAN tracking/notification area. To address larger area, option 3 or 4 may be more overhead efficient  compared to option 2. Option 3 and 4 may be used to address large RAN tracking/notification area. 

It should be noted that in option 4, the CN area may be a TA and/or an area of TA List as defined in LTE. 
Although RAN tracking/notification area may not be the same (bigger or smaller) as the CN area, for a relatively large RAN tracking/notification area, option 4 is more signalling efficient compared to option 3 in terms of the necessary bits in the SIB and easier in network configuration.

	Intel
	Option 4 can be considered as baseline and option 2 can be introduced if considered necessary. The advantage of option 4 is primarily that only one area ID needs to be configured, maintained and broadcast. We think that the mechanisms developed for LTE EPC are likely to be re-used in Next Gen Core for tracking the UE and they are well optimised.  The motivation to define an additional RAN tracking area and optimise it beyond the enhancements already developed is not entirely clear. If companies desire RAN-based updates and a RAN notification area that is smaller than the TA, we wonder if smaller TAs could be defined and/or UE is configured with one TA for RAN based update and a list of TAs as per legacy for TA updates. 

	CATT
	We agree with Nokia and Huawei that Option 4 is undesirable. The UE should be able to move around in RAN based notification/tracking area and make fast connection if required. This means the Ue context is required to be fetched quickly which would require Xn interface. It is unrealistic to expect Xn between all the nodes within a CN TA. Option 1 is subset of Option2 hence doesn’t need to be discussed separately. Both Option2 and Option3 should be considered as candidates of Ran based notification/tracking area. 

	Sierra Wireless
	We prefer the flexibility offered by option 2, which as noted can include option 1 as a special case. For many (especially MTC/IoT) UEs there is a high probability of being consistently reachable in only one or a small number of locations. The exact locations will be specific to each UE. There is a potential to avoid notification/tracking area updating for all but exceptional movement. The number of cells in the notification/tracking area can be small for a static UE and could be a well-defined but irregular shape for a mobile UE operating in a predictable region, such as on a bus for example. Paging only where needed in smaller specific regions will improve paging capacity for addressing large numbers of UEs.

	Convida Wireless
	We agree with the observation of some of the companies above in that option 1 is a special case of option 2. In our view, option 4 is also a special case of option 3 since the RAN area can always be configured to be same as CN area.  Therefore options 2 and 3 should be considered for further study, no need to consider option 1 and option 4.

	GTO
	Besides considering different deployments also the UE mobility needs to be considered, i.e. especially for mMTC devices there may be a large population which is static or quasi-static. Hence having the possibility to configure smaller RAN notification/tracking area seems to be beneficial for handling large number of devices. Means option 2 and 3 seem to be desirable where option 1 is a special case of option 2. For static devices especially option 2 would be beneficial having the possibility to define it UE specific, whilst from network perspective option3 has advantages.  

	Sony
	We prefer option 2 as this allows less overhead in SIB broadcast (because no additional ID is needed) and it allows flexible configuration of the size of the RAN area to include any combination – 1 cell, multiple cells, tracking area/CN area, and it allows UE specific configuration if necessary.

	Qualcomm
	We agree with most the observation above. Option 1 is special case of option 2, and option 4 is undesirable, furthermore, RAN2 has agreed that RAN area shall be able to configure RAN Based notification area smaller than TA.

Option 2 is signalling overhead efficiency from system information point of view because no need to broadcast an area ID, option 3 is signalling efficiency from UE point of view because we need not to configure UE with a long cell list. Considering the number of UE configuration signalling is large, and there may lots of cell in one Area, the Area may be dynamically changed by adding or removing cell. Both Option 2 and option 3 can be included for further study, but option 3 is slightly preferred.

	InterDigital
	We think that to allow a flexible RAN area configuration approach Option 2 (and option 1) should at least be allowed.  Option 4 can also be allowed, but it would not be desirable to only have Option 4.   To allow for different deployment scenarios, we think that the RAN can configure RAN area to be equivalent to TA or configure it by providing a list of one or more cells.   

	Ericsson
	We agree with Intel and some others that solution 4 should be considered as baseline. Our understanding is that even if TAs are large smart paging can be applied (meaning fewer updates) while still keeping the paging load low.
We also agree that the need to define an additional RAN tracking area is not clear. However, if companies really believe that this can provide clear benefits, a configurable solution 2 could be acceptable (although operators should not be forbidden to fallback to option 4 if they want).

On the other hand, in our view solution 3 should not be considered. That seems more like an optimization of the signalling in solution 2 rather than a necessary concept at the cost of additional broadcast signalling and complexity to keep the broadcasted information up to date and consistent within/between the cells. Solution 3 will also provide less flexibility to align the notification area with the traffic and mobility pattern of the UE.

	Vodafone-SA2
	a) Care is needed to handle situations when the UE and RAN become unsynchronised e.g. RAN thinks the UE is idle, but the UE believes it is “light connected”. As Options 2 and 3 allow the RAN paging area to cross the boundary of the CN paging area, they probably impose the requirement that the UE does CN paging area updates while in both full and light RRC connected states. This requirement should be shared with SA2 (but is probably acceptable as it is how the PS domain specifications have worked ever since 2G’s connection-less NAS needed the UE to do this). 

b) the Tracking Area LIST concept was adopted in 4G to avoid the radio signalling load peaks that occur in the cells at 2G/3G Location Area boundaries (and also to reduce CN signalling load and UE battery drain). If Option 4 is interesting to RAN 2, then it would probably benefit from using the List of TAs allocated to that UE, and not just a single TA.

	Samsung
	Concerning option 1, our simulation results indicated that a small RAN paging area, as small as one cell, has a good performance for low speed UEs with high periodic activities, and thus our view is that it should be supported. However, it can be accomplished either explicitly through the corresponding configuration or implicitly (e.g. just one entry on the cell list of option 2). This is merely a stage3 detail.
Regarding option 2, it was instantiated during the LTE Light Connection discussion with the background assumption that a RAN paging area should ideally contain cells to which the anchor eNB has a direct X2 interface to be able to fetch the UE context (as the S1 UE context fetch procedure does not necessarily bring much gains). It should be noted that the final NR network architecture is not finalized yet. So, if it is decided that it follows the UMTS like approach with multiple DUs (cells) under the control of the same CU, then option 2 does not seem very attractive when compared to other solutions. Otherwise, if NR architecture follows the "flat" LTE approach, then same pros and cons will apply, as identified during the LTE Light Connection WI phase. 

Option 3 is a cost efficient way to build large RAN areas, much larger than option 2 can in principle allow. 

Finally, option 4 "CN area" can be viewed as a particular configuration of option 2 or option 3. In other words, if an operator wants to build a RAN paging area which is as large as the CN tracking area, why not. Whether option 4 is implemented explicitly in the specification or not, is a stage3 aspect (same view as for option1).


Assuming that the network can configure notification/tracking area by means of the explicit cell list, one of the questions are what the anticipated minimum/maximum cell list size is, and a way to identify each cell on that list. Even though these questions can be viewed as WI phase aspects, it is still beneficial to try to address them if possible at the SI stage.
Q2: With regards to option 2, what are the expected minimum/maximum list size and a way to identify each cell on the list?

	Company 
	Comments

	Nokia
	In some scenarios (we are talking very small cells in high frequencies) list could be of tens/hundreds of cells but in lower bands probably much smaller. Thus, the scheme needs to be flexible to avoid unnecessary deviation in higher layers due to various designs in lower layers. As pointed earlier at this point of time we do not even know what are requirements from NAS to identify cell, if any. If NAS requires some level of cell identification (on top of already agreed global cell identity) that may be used for cell identification in RAN.
Technically this option would be nice in case of small areas with only few cells but if a area consists of e.g. hundreds of cells then the signalling is bit cumbersome and in this kind of scenario option 3 would be probably better.

	Huawei
	The specifications should be flexible on the list size, but we anticipate that list sizes would normally be smaller than a CN tracking area.  Vendors/operators should be able to vary the list size as a way of deciding the tradeoff between higher paging load (larger list) and higher registration load (shorter list).

In principle cells could be identified with a regionally unique ID e.g. PCI.  However, this would create a constraint on the area that the list could cover.  Since the list would probably be sent by dedicated signalling, we think it should be acceptable to use a long, globally unique ID similar to the CGI in LTE.

	ITRI
	Option 2 would be sufficient to support small RAN notification/tracking area. However, we have to decide which kind of cell ID to be used first before we pick the maximum list size and this is more like a stage-3 issue.

	LG
	We think that the minimum notification area could be only one cell. In some cases, the network would not send a list to a UE upon entering INACTIVE state, then serving cell which command to enter INACTIVE state will be a notification area. 

In terms of maximum size, we do not have strong opinion. However, we also understand that there are concerns on size when notification area is largely composed as Nokia said. Therefore, it is necessary an optimization for cell list information and this issue needs further discussion.

	ZTE
	To uniquely identify each cell in the RAN notification area, the ECGI-alike ID which is probably more than 50bits is required. Considering the small coverage of the high-frequency cells, the number of cells within a RAN notification area could be hundreds. 

	OPPO
	Generally, we agree that the cell ID included in the cell list in option 2 should be unique. Regarding the size of the list, maybe the only thing we need to discuss is how much flexibility we should leave for infrastructure vendor and operator to configure, and the exact number could be determined in WI phase.

	Coolpad
	No strong view on the exact number for the moment.  If we select option 3, this would not be rather complex because the major concern is SI capacity.

	DOCOMO
	For stationary UE use cases, it would be beneficial if the cell list can be set with 1 cell for minimum number. However, we agree that the maximum number can be discussed in WI phase.

	Intel
	The minimum list size can be single cell covering option 1. The maximum list size allowed can be up to 64 cells or 32 cells. The cells on the list can be identified using global cell identity or similar identity if defined for NR with optimisation such as removing redundant PLMN id to keep the size small.

	CATT
	Size of the cell list: we think it needs to be flexible enough for the operator to configure a small or large RAN based notification/tracking area. It may be as small as 1 cell or as large as hundreds of small cells. 

How to provide the cell list to the UE: we think dedicated signalling should be used

How to identify the cell: the cell identification should be unique. Which ID to be used FFS and depends on the cell Id definition in NR.

	Sierra Wireless
	For MTC/IoT uses the Cell ID list could reasonably be limited to quite a small number, certainly smaller than the CN tracking area of option 4. If a UE is sufficiently unpredictable and mobile it might not need to use a specified smaller notification/tracking area, making the use of a list an optional configuration. If a UE is not reachable within a listed set of Cell IDs we expect the paging area to widen as in legacy implementation.

	Convida Wireless
	We agree with DOCOMO that it would be beneficial to support a cell list size of 1 for stationary UE use cases and that the maximum number can be discussed in the WI phase.  We also agree with the comments from Huawei that the cell ID should be globally unique and could be identified using an ID similar to the ECGI.

	GTO
	According our understanding the list size depends on two circumstances. Mobility of the UE and cell density. If option 2 is intended to cope for high mobility devices being served by small cells (high frequency range) the list size needs to rather long. Whilst for low mobility (static) devices being served for coverage reasons on lower frequencies the list can be smaller. As a consequence there should be the flexibility to configure it accordingly, exact number is FFS.

	Sony
	We assume cell IDs can be re-used. 

	Qualcomm
	Size of the cell list: the minimum number should be 1. For the maximum number of cells in the list, we think it needs to be flexible enough for operator to configure the RAN area. There may be scenarios of hundreds of cells in one Area.

The cell list shall be configured to UE via dedicated signalling.

Cell ID shall be global unique.

	InterDigital
	Minimum size should be 1.  Maximum size needs to be flexible, however, it should be decided during WI phase once we have better knowledge on what identifiers are needed and available.  

	Ericsson
	Given that the total RAN configured area is smaller than the TA, there should not be a need to have more than e.g. 32 cells (assuming that there is the fallback to use TA when no RAN area is configured). However, as we expressed earlier, the gain of tightly optimizing the RAN paging area is not obvious.

Most UEs are stationary during a reasonable amount of time. For those that move, the load of RAN area updates may not be significant. And, as said in the previous response, additional smart paging can allow the configuration of larger areas without expanding paging load in any significant way.

	Vodafone-SA2
	Within one sector of a site, will the different frequency bands be different cells? This would lead to a large list of cells -> 5G-nodeB ID might be a useful additional alternative.

	Samsung
	If option 2 is adopted then our preference would be to keep this list within a reasonably small size. It will of course impact the resulting maximum RAN paging area size, but this is the price for being able to build RAN paging area dynamically for a particular UE instead of the semi-static configuration as in option 3 or option 4.

As for the way to identify a particular cell, a global cell ID is the most straightforward way as the UE can compare this value to ID broadcast by another cell. However, if NR cell ID is larger when compared to LTE (which can be the case if we assume more cells at higher frequencies), then we should assess properly resulting overhead. 


Assuming that the network can configure notification/tracking area by providing an area ID, several sub-options are envisioned: a) the network broadcasts only one ID in the system information and a UE is configured only with one ID; b) the network can broadcast several IDs in the system information, but the UE can be configured only with one ID; c) the network broadcasts only one ID in the system information, but the UE can be configured with several IDs; d) the network can broadcast several IDs and the UE can be signaled the list of IDs. As in case of option 2, companies are also welcome to provide additional input of the maximum list size and area ID size. 
Q3: With regards to option 3, can a UE be configured with more than one ID and/or whether a cell can broadcast more than one ID; and what is the expected area ID size?

	Company 
	Comments

	Nokia
	Logical is to do similarly as for TA in LTE – cell broadcasts a identity and UE may be given multiple identities as RAN paging area. This way one can even out the load of locations updates at paging area borders.
Generally this option is more suitable (than option 1) in scenarios of lots of cells in a RAN paging area but with drawback of requiring more system information signalling. 

	Huawei
	In our understanding, the reason to have a list of IDs is to give option 3 some of the flexibility of option 2, i.e. to keep from all UEs having the same regional boundaries and causing dense clusters of registration signalling.  We think either (b) or (c) can accomplish this while (d) seems more flexibility than is needed.  We don’t have a strong preference between the two, but (c) seems possibly simpler to specify and doesn’t have obvious disadvantages.

	ITRI
	Option 3 would be sufficient to support large RAN notification/tracking area. For the forward compatibility, we could allow a UE be configured with more than one ID and a cell can broadcast more than one ID.

	LG
	We have same view with Nokia.

	ZTE
	To allow a flexible network implementation and UE configuration, we slightly prefer Option d). From our understanding, Option d) also allows the configuration as a)/b)/c). The ID size of can be left to stage-3 discussion.

	OPPO
	We also consider Option c) which is similar as the mechanism of TA operation in LTE should be sufficient for the network configuration flexibility.

	Coolpad
	For option 3, ID size could leave to stage-3.  The baseline could be TA in LTE as Nokia proposed.

	NTT DOCOMO
	We think that the assumption of the options for Q3 should be clarified first. It is the assumption that the if RAN area ID is defined, it would consist of several cells. The motivation of configuring UE with several RAN area ID (i.e., similar with TA List concept) needs to be clarified first.

For the case that allows for a cell(s) belonging to several RAN area ID,  the use cases also need to be clarified, i.e., it might be needed for different configuration of PLMN, etc.

So we may need to support all of the options above, but some clarification on the use case and motivation is needed.

	CATT
	We think at least option C) should be supported where the Ue is configured with a list of IDs. As Nokia commented, this follows the legacy CN TA signalling and allows for flexibility. We don’t have a strong view whether to support option d) or not on top of option C).

	Sierra Wireless
	If we have to choose from these, we prefer the flexibility of d)

	Convida Wireless
	We are in agreement with Huawei that supporting a list of IDs gives Option 3 some of the flexibility of Option 2.  We are also in agreement that sub-option c) is the preferred approach.  The ID size can be left to stage-3 discussions.

	GTO
	Not sure whether the full flexibility provided by option d) is really needed.  Underlying assumptions should be clarified further.

	Sony
	It’s simpler to use a list of cells, then no need to broadcast one or more additional IDs in SIBs.

	Qualcomm
	We propose option c). One cell only belongs to one area and that Area ID is the ID broadcast in the system information. But UE can have its specific Area list, similar to TA list of UE, a UE can be configured with several RAN area IDs.

	InterDigital
	Option 3c is preferable, it provides flexibility to the network while keep broadcast overhead at a minimum.   

	Ericsson
	

	Vodafone-SA2
	This question was addressed during 4G core network design. I don’t recall any killing argument, but 4G’s “UE-TAI-List with one TAC per cell” seems to work, so why not reuse it? 

	Samsung
	It seems natural that the network should have a possibility to construct smaller or larger RAN paging areas without changing actual system information. In that sense, either sub-option b) or sub-option c) is needed. The final functional outcome will be the same, even though one can claim that option c) is more friendly for the final system information size as a cell will broadcast just one ID.

As for the ID size and the number of entries on the list, we can take UMTS/LTE as a starting point and check whether these numbers should be adjusted. UMTS URA area ID size is 16 bits, whereupon the list can contain up to 8 entries. The LTE tracking area code is also 16 bits and the list size is also 8.


Q4: With regards to option 4, any further comments/questions? 

	Company 
	Comments

	Nokia
	We do not yet know NAS level identities – thus bit premature to consider this in great details

	ITRI
	From our point of view, the purpose of CN area and RAN area are different. The RAN notification/tracking area is not necessary to be the same as the CN tracking area.

	LG
	We have same view with Nokia. In addition, we think that option 4 has less flexibility and gain compared to other option. For example, from a paging perspective, if the paging scheme in NR is based on a scheme in LTE, paging signal reduction may not be beneficial at all if the notification area is the same as the CN tracking area. Thus, we think that the notification area could be configured same as CN area but it would not be the same.

	ZTE
	We consider that in most cases, the size of CN tracking area and the RAN notification area would be different.

	OPPO
	As agreed in previous meeting, the RAN notification area could be smaller than CN tracking area, therefore, those two could be totally independent from each other.

	DOCOMO
	Please see our response for Q1.

	Intel
	We think that the CN location area (which is defined for CN idle mode) can be re-utilized as the RAN notification area (assuming these mechanisms are continued in NG Core).  It should be noted that CN location/tracking area update procedure requires UE to execute a Resume procedure and hence RAN area cannot be outside of CN location area boundary. 

	CATT
	As commented in Q1, Xn interface support for context fetch should be considered for fast connection establishment within a RAN based notification/tracking area. It is unrealistic to expect Xn interface between all the nodes within a CN tracking area as a requirement in order to support Option 4.

	Sierra Wireless
	This is not our preferred option, as noted in our response to Q1.

	Convida Wireless
	The CN and RAN notification areas are likely to be different but as we indicated in our feedback to Question 1, in our opinion option 4 is also a special case of option 3 since the RAN area can always be configured to be same as CN area.

	GTO
	Agree with previous comments RAN and CN area can be different.

	Sony
	Option 4 does not allow for flexible configuration of RACH notification areas (or mobility zones in case of UL mobility)

	Qualcomm
	RAN2 has already agreed that RAN notification area can be smaller than TA area so the sizes of CN tracking area and RAN notification area should be different.

	InterDigital
	Option 4 only is not desirable as the purpose of RAN area was to allow for smaller area that can be configured by RAN.  CN area is configured by the CN and the criteria and dimensioning of these areas are not necessarily the same as for RAN.  

	Ericsson
	We agree with Intel that CN location area shall be possibly re-utilized. See further comments in the response of Q1.

	Vodafone-SA2
	See response to Q1.

	Samsung
	No specific comments, see Q1 above.


3 Summary and conclusion
This section contains a summary of the email discussion.

-
In total, 19 companies took part in the email discussion.

-
With regards to "Q1: Which option, or combination of options, should be considered for NR?"
-
2 companies (Nokia, DoCoMo) expressed an opinion that all options can/should be considered at this stage.
-
9 companies (Huawei, ITRI, ZTE, Coolpad, CATT, Convida, Gemalto, Qualcomm, Samsung) indicated preference to keep option 2 and option 3 for further studies and/or view them as the baseline solutions (whereupon some of the aforementioned companies assume that they do not exclude other solutions, see below).

-
10 companies noted that option 1 can be construed as a special case of option 2.
-
3 companies (Sony, SierraWireless, Oppo) have expressed explicitly strong interest in option 2. 

-
5 companies (Huawei, ZTE, Oppo, CATT, Qualcomm) expressed an opinion that option 4 is not desirable 
-
2 companies (Ericsson, Intel) think that option 4 is a baseline, which in principle can be complemented by option 2. 

-
2 companies (LG, InterDigital) favor combination of option 2 and 4.
-
Concerning the second question, "Q2: With regards to option 2, what are the expected minimum/maximum list size and a way to identify each cell on the list?", company opinions are as follows:
-
7 companies emphasized that the minimum list size can be as small as 1.
-
As for the maximum size, 5 companies indicated that there can be hundreds of cells while 4 companies think that the maximum size should be reasonably small (one proponent indicated 32…64 cells). 7 companies noted that it is stage3 issue and can be discussed during the WI phase.
-
To identify a particular cell on the list, 8 companies mentioned "global cell identity" while others think that it is FFS and can be tackled at the WI phase.
-
Concerning the third question, "Q3: With regards to option 3, can a UE be configured with more than one ID and/or whether a cell can broadcast more than one ID; and what is the expected area ID size?", the following opinions were expressed:

-
10 companies indicated preferred solution when a cell broadcasts one ID, but the UE can be configured with several IDs. 2 companies also noted that it can be construed as a baseline on top of which we can explore full flexible solution when the network can broadcast several IDs and the UE can be configured with several IDs.

-
3 companies indicated that to be future-proof and forward compatible, a full flexible solution can be considered, i.e. the network can broadcast several IDs and the UE can be configured with several IDs.

-
2 companies questioned the use case and the applicability of the whole approach. 
-
As for the minimum/maximum list size and the ID size, no strong opinions were expressed. 1 company suggested taking LTE/UMTS as a starting point, i.e. the list size of 8 and the ID size of 16bits.

-
For the fourth question, "Q4: With regards to option 4, any further comments/questions?":

-
Most companies repeated their views already provided for Q1.

-
10 companies emphasized that RAN and CN areas are different (in most cases RAN area smaller than CN), whereupon 3 companies have acknowledged that CN area can be a special case of the RAN paging area. 

-
2 companies noted that CN location area can be re-utilized as the RAN notification area.

-
3 companies explicitly noted that it is not their preferred solution (for various reasons such as X2 connection availability etc.)

Based on the presented summary of the email discussion the following conclusions could be made:
-
Opinions of companies varied and there is no strong majority in favour or against a particular solution or combination of solutions.

-
Nevertheless, since 2 companies want to continue to study all options and 9 out of 19 companies are clearly interested in solution 2 and 3, they can be viewed as a common denominator for further studies. 

NOTE: This observation does not exclude option 1 and option 4 as many companies assume that they can be accomplished with solution 2 and 3, respectively. 
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Annex: RAN notification/tracking related agreements 

Agreements from RAN2#94

Agreements:

1
Study the introduction of a RAN controlled “state” characterised by, at least:

a/ -
UEs in RAN controlled state should incur minimum signalling, minimise power consumption, minimise resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and benefiting from) this state

b/
Able to start data transfer with low delay (as required by RAN requirements)

FFS whether data transfer is by leaving the "state" or data transfer can occur within the " state"

FFS whether " state" translates to an RRC state

Potential characteristics of the RAN controlled “state” for study:


a/ the CN/RAN connection is maintained


b/ AS context stored in RAN


c/ Network knows the UE's location within an area and UE performs mobility within that area without notifying the network.


d/ RAN can trigger paging of UEs which are in the RAN controlled "inactive state"


e/ No dedicated resources

Agreements from RAN#95 meeting:

Agreement

1
One UE has only one NR RRC state at one time.

2
The connection (both CP and UP) between RAN and Core should be maintained in the “new state”


FFS whether the “new state” can be transparent to Core.

3
For the UE in the “new state”, a RAN initiated notification procedure should be used to reach UE. And the notification related parameters should be configured by RAN itself.


FFS how the notification will be transmitted (e.g. via a beam, broadcast, etc.)

4:. 
For the UE in the “new state”, RAN should be aware whenever the UE moves from one “RAN-based notification area” to another. 


FFS how CN location updates and RAN updates interact, if needed

Agreements from RAN2#96 meeting:
Agreement

1.
RAN2 assumes that UE performs CN level location update when crossing a TA boundary when in inactive (in addition to RAN updates based on RAN areas). 

2. 
There will be NG Core/CN Location Area code (similar to Tracking Area code) broadcast in system information of an NR Cell.
Agreement

1. 
RAN based notification area is UE-specific and configurable by the gNB via dedicated signalling

2 
There will be a unique global Cell ID broadcast in system information of NR Cell.

Agreement
1
For the inactive state there will be a way to configure the UE with a RAN based notification area that is smaller than a TA.

2
A RAN notification area can cover a single cell or multiple cells

