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1 Introduction 
RRM measurements for the purpose of mobility and beam management are essential parts of NR [1]-[6]. In this contribution, we consider some potential enhancements with UL based RRM measurement for mobility purposes in both active and the RAN Controlled State that RAN2 has discussed in RAN2#94 meeting. This controlled state is characterized by the following: 

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

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

·  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

In [6], we identified the various scenarios where UL based measurements are advantageous compared to DL based measurements. In this contribution, we focus on these different uplink measurements.  

2 Discussion

While RRM measurement and mobility is DL-based in LTE, there have been a number of studies and analysis that support UL-based RRM measurement and mobility as a more suitable approach to satisfy stringent latency and energy-efficiency requirement in NR [1]-[5]. Unlike DL-based mobility that requires both measurement and feedback at the UE side, UL-based mobility is based on a single step measurement of UL transmission(s). This facilitates both power saving at the UE and reducing the mobility latency. The advantage of UL-based mobility can be more prominent in scenarios where the ratio of TRPs to UEs is large such as ultra dense network (UDN) deployment. In UDN, the conventional DL-based mobility approach may require an overwhelming amount of DL RS measurements and feedback at every UE. When compared with LTE DL-based cell reselection, it has been shown in [2] that a considerable UE power saving is possible if UE sends a simple beacon for the purpose of UE tracking. 
As mentioned above in the introduction, the new RAN controlled state possesses energy efficient properties. In LTE, UE requires to transit from idle state to active state every time it needs to send or receive a data packet. When network (NW) intends to send data to a UE, the access procedure is comprised of 1) paging initiation; 2) UE contention-based RA; 3) RRC connection; and 4) Security/authentication. The UE-initiated initial access is comprised of the steps 2-4 above. Hence, the process of the UE or NW-initiated access is a major latency and energy consumption bottleneck in LTE. The overhead associated with initial access is more significant when only a short data packet needs to be communicated between UE and NW. This problem can even be more severe in NR with a higher UE and TRP density in the network and a larger number of short data packets that are required to be communicated between terminals and NW. 

Unlike in LTE idle state where UE’s location is only known within a large Tracking Area (TA) that may include many cell coverage regions, UE in this RAN Controlled State can be closely tracked by NW and NW typically knows which one or multiple TRPs are the most suitable choice to communicate with the UE. The purpose of closely tracking the UE in this RAN Controlled State is threefold: 1) sending paging message from the most suitable TRP when DL short data packets need to be communicated in this RAN Controlled State or UE requires to transition to the active mode; 2) efficient transmission of DL short data packets from the serving TRP to the UE in this RAN Controlled State; and 3) efficient direct transmission of UL short data packets to the serving TP by maintaining UL time alignment and possibly providing the UE with a proper UL power.  

To address these overhead and latency issues, it is proposed that in this new ‘state’, the network maintains UE context and keeps track of the location of the UE. This enables efficient UE paging and re-entry, maintaining UL time alignment, and determining the best TRP(s) to communicate with UE when UE transits to the active mode. These functionalities can be achieved through the following:
· An uplink tracking signal for the new RAN controlled state. To further reduce the energy consumption, the tracking signal transmission can be narrowband with reduced coding/modulation capability [3].
·  Tracking in active mode may be performed using a UL RS such as a SRS-like signal or measurement and feedback of a DL RS.
UL-based tracking energy consumption has been studied in [2] and it has been shown that it can reduce the UE total energy consumption compared to the LTE-based DL measurement feedback cell re-selection. A brief investigation on the resource consumption for the UL tracking signals is provided in the Annex.
It should be noted that the above new signals do not need to be dedicated only to UE tracking. Their other functionalities should be further studied. Moreover, we suggest that while NR should use UL measurement-based mobility it may still support DL-based mobility for legacy purposes or scenarios such as beam management (L1/L2 mobility) or NR cell selection (NR Cell mobility) in idle mode [1], [6]. 
3 Conclusion 

Based on the above discussions, we propose the following:

Proposal 1: NR should target on supporting UL based measurements for both the Active and the proposed RAN Controlled State.

Proposal 2: Study of UL tracking signals for the RAN Controlled State.
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Annex: Brief study on the UL tracking signal
UL tracking measurement accuracy will depend on how often the UL tracking signal is being transmitted. We provide some simple calculations in order to grasp the required UL tracking rates.

For the purpose of TRP selection, we must ensure that the UE transmits UL tracking signals often enough so that measurements over these UL tracking signals provide reliable information on which is the best TRP to communicate with this UE. The definition of “best TRP” is left FFS.

We consider that the UE should transmit a number of NULtracking,TRP UL tracking signals within each TRP coverage area [signals/TRP/user]. The average TRP coverage area  dwell time assuming a circular TRP coverage with radius r can be expressed as tdwell = πr/2v [s/TRP] with r [m] the TRP coverage  radius and v [m/s] the user speed. The resulting UL tracking rate can be then expressed as
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We may further assume that some required or target UL tracking signal detection probability is given by p (e.g. p=0.99).  Then, the average number of UL tracking signals to be sent (NULtracking,TRP) in order to have NULtrackingOK,TRP successfully received tracking signals is given by NULtracking,TRP= NULtrackingOK,TRP/p (which follows from the negative binomial distribution). Then, replacing NULtracking,TRP in (1) we obtain
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The case NULtrackingOK,TRP =1 is the minimum so that at least the network knows the coarse location of the UE (i.e. which TRP should be used for paging/communication). However if some measurement averaging/filtering is needed, then we would require NULtrackingOK,TRP >1.

The following table provides some illustrative results on the required tracking signal rates, with the assumption that NULtracking,TRP = 5 and p = 0.9.

 RULtracking,TRP  in [signals/s/UE] as a function of velocity and cell radius
	
	r [m]

	v [km/h]
	100
	300
	1500

	3
	0.029
	0.010
	0.002

	30
	0.295
	0.098
	0.020

	60
	0.589
	0.196
	0.039

	120
	1.179
	0.393
	0.079
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