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Introduction
RAN2 agreed to study a RAN controlled "state" which minimizes UE power consumption, UE/network resource usage and allows sending data with low delay. One of the possible characteristics is to have the UE do cell reselection and have the network page the UE around the area where the UE was last connected upon DL data arrival.
In this contribution, we discuss issues with this possibility and propose an alternative based on tracking the UE with UL beacon.
Discussion
UE controlled mobility
The LTE UE in RRC_IDLE does not send any signal to network within the configured tracking area during mobility. When the network has downlink data for UE, a paging message will be send to UE. Each UE is configured with a tracking area (TA) list and location update message is send to the network only when UE moves beyond TA coverage. The purpose of TA configuration is to reduce the volume of location update message. But the consequence is it increases the volume of paging for each nodeB in the TA coverage when UE moves to another nodeB in TA list during idle state. If the coverage of TA is too big, the paging message will increase. On the contrary, if TA is too small, location update message will increase.
According to NR requirements, NR should support a user density higher than LTE. As paging is associated with a processing load in the base station, we believe that the paging load in an NR site should be maintained to a similar level than the one of an LTE site. This certainly requires scaling down the coverage of NR sites, which is consistent with the densification of the network. Nevertheless, signalling for TAU should also be considered as it has impact on the radio interface but also on the CN processing load.
In the following, we try to do a simple calculation assuming a user density ratio of k between NR and LTE. Also, we consider a network behaviour where UEs are moving very slowly and the network first attempts to transmit DL data in the LTE or NR site where the UE was last identified, so that paging is avoided if the UE is still in the same "cell".
We define the following notations:
· 
: the radius of LTE TA, which may e.g. be the coverage of 100 eNBs,
· 
: the radius of NR TA,
· 
: the radius of LTE eNB, which is typically such as 2km,
· 
: the radius of NR,
· 

: number of eNBs in LTE TA, it is ,
· 

: number of TRPs in NR, it is ,
· 
: the user density in LTE network,
· 



: the user density in NR, we suppose , where is the times of user density in NR than LTE and  ,
· 
: the probability of user mobility in unit time in LTE,
· 
: the probability of user mobility in unit time in NR,
· 
: probability of DL data arrival
· 

: the total number of user being paged in unit time in LTE, and it is ,
· 

[bookmark: OLE_LINK15][bookmark: OLE_LINK16]: the total number of user being paged in unit time in NR, and it is ,
· 

: the total number of paging messages in LTE TA coverage, it is ,
· 

[bookmark: OLE_LINK17]: the total number of paging messages in NR TA coverage, it is .

If we want to keep the total paging number the same as LTE in NR, we have, i.e.,

																(1)
Assuming the UEs are slowly moving, we can assume that the probability of UE mobility is proportional to the number of UEs at the edge of an LTE/NR site coverage:


Figure 1: Users which may move are assumed to be in a ring around the LTE/NR "cell"


According to (1), we have:


[bookmark: OLE_LINK4][bookmark: OLE_LINK5], i.e., ,



If considering  is much smaller than and, we have:

														(2)

Similarly, considering location update, we suppose the probability of location update of each user near TA edge is , as figure below:


Figure 2 mobility in a TA

[bookmark: OLE_LINK10][bookmark: OLE_LINK11]We have the user number of possible sending location update in LTE TA is:, and

the user number of possible sending location update in NR TA is .
If we consider the total number of users which sends location update in the coverage of LTE with NR deployment, the total number is:

,
We have the times of NR to LTE location update within the same coverage is:

,



Considering  is much small than and, we have:

															(3)
According to equal (2) and (3), we can have some example value as in the table below:
	k
	
(km)
	
(km)
	NR TA coverage
	Times of NR to LTE location update (mLU)

	2
	2
	2
	

	4

	2
	2
	0.5
	

	8

	2
	2
	0.2
	

	12.5

	3
	2
	1
	

	13

	3
	2
	0.5
	

	17.6

	3
	2
	0.2
	

	27.3

	5
	2
	1
	

	35.7

	5
	2
	0.5
	

	50

	5
	2
	0.2
	

	83.3

	8
	2
	0.5
	

	133

	8
	2
	0.2
	

	200

	10
	2
	0.5
	

	200

	10
	2
	0.2
	

	333

	10
	2
	0.1
	

	500



We can see that, with the increasing of user density, keeping the paging load to a reasonable level in each NR site requires smaller coverage of each site but that would increase the amount of location updating, which also creates some burden to a central node, whether it is the core network of a RAN node.
 and the shrink of “cell” coverage of NR, the volume of location update message is much larger than legacy network within the same coverage.
Observation 1: with an increased density of users in NR as compared to LTE, using UE controlled mobility it is difficult to balance the volume of paging and the volume of location update messages.
Uplink measurement
One solution of UE tracking in idle or power saving state is UE keeps sending uplink signal to network which can be measured by network. The uplink signal not only makes network position the location of UE but also help NR to decide the TRPs which can be used for data transmission.
The key consideration of uplink signal is the power consumption. In LTE, DL measurement is used to detect cell reselection should be done or not. During the DL measurement process, UE firstly needs to synchronize to the eNB and checks the PCI changed or not, if changed, UE needs to further read MIB, SIB1 and SIB2 in order to get CGI in order to check UE is still in the TA or not.
This LTE-like approach relies on the expectation that DL measurements would consume less power than uplink data transmissions due to several factors, e.g. the uplink path loss (depends on cell size) and corresponding power usage for the PA, the need to power on and then off the baseband processing unit, etc. For "normal" cellular scenarios this is often right, i.e. uplink transmission is typically seen as more power demand than downlink reception when comparing use of the same baseband, for the same amount of operation time. The exact tradeoffs are different depending on device architecture and choice of components, as well as on link conditions and on the uplink transmission. 
However, in the case of a UE which is already known throughout the multi-TRP "cell", the UE would not need to send an actual message to identify itself to the network. Instead it could use a short time allocation, narrow band and low power signal which can be detected by one or more TRPs in the "cell" in order to track the UE. Similar to SRS configuration in LTE, the radio resources used could identify the involved UE, instead of having to send any identifier explicitly. For a narrow band signal that does not carry any upper layer data (e.g. a reference signal carrying a signature sequence), the transmission can be very power efficient.  For example it should be possible to transmit without powering on a full wide bandwidth baseband Tx unit, and the transmission time could be very short as compared to the long reception window for downlink measurements (allowing for filtering etc.). It could actually be more power efficient to make regular "light" transmissions in the uplink, compared to using the regular baseband Rx chain for DL measurement/reception, as suggested in Figure 3 (orange components are powered on).  The "mini Tx" chain for the uplink signal could have smaller bandwidth, smaller PA, etc. as compared to the baseband Tx chain, there are many possibilities for an implementation to conserve power in such a design.



[bookmark: _Ref450470562]Figure 3  Powered on components for DL measurement and "light" UL transmission
If network measurements of the uplink signal can be used to locate the UE in "power saving state", it would allow the UE to avoid performing any DL measurement and only listen to paging or even directly DL data transmission. If the UE only has a few data to send and receive, UL and DL transmissions could occur while the UE remains in the "power saving state". Note that for these low activity states, the measurements do not need to be accurate enough for link adaptation, they are needed only to decide which TRPs are closest to the UE.  Link imbalance should not be a serious problem in this case. In dense network deployments, due to a smaller pathloss, this approach is likely to be far more power efficient than using DL measurements.
In addition, the network could maintain rather accurate UE positioning, even in "power saving" state, which could be useful both to reduce paging area and for other types of services.
Proposal 1: For power saving UEs, consider maintaining a "light connection" that could include sending a light periodic signal tracked by the network (reduced or eliminated UE measurements). 
Maintaining the NR/CN interference connection in power saving state is a feasible way to reduce the CN signalling [3]. In case the UE in power saving state has moved to a different NR (not anchor NR with NR/CN connection), when UE needs to transfer data, if relocated this NR as the new anchor NR by modifying NR/CN connection through path switch procedure, it will cause some CN signalling even with small data transfer. For the network performance, it is better to keep transparent for the CN in this type of mobility.
Proposal 2: It should be possible to minimize or in some cases eliminate the CN signalling caused by power saving state UE mobility.
Conclusion
[bookmark: OLE_LINK3]This contribution analysis the signalling impact to the coverage of TA based on a mathematic model and proposes an UL beacon tracking solution for NR mobility to reduce the signalling with similar or less power consumption compared to legacy mechanism depends on the number of configured TRPs for UE UL tracking signal detection. Based on the UL beacon tracking solution, we propose:
Observation 1: with an increased density of users in NR as compared to LTE, using UE controlled mobility it is difficult to balance the volume of paging and the volume of location update messages.
Proposal 1: For power saving UEs, consider maintaining a "light connection" that could include sending a light periodic signal tracked by the network (reduced or eliminated UE measurements). 
Proposal 2: It should be possible to minimize or in some cases eliminate the CN signalling caused by power saving state UE mobility.
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