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1 Introduction
In the last RAN2#95 meeting the document on the benefits of UL beacon tracking for power saving state, [1], was discussed. The current document clarifies the issues raised during the discussion of [1] and provides further details.
2 Discussion
2.1 NR mobility based on UL Tracking Signals
For UE in ECO state, after initial access to the network, NR and UE will maintain a context of UE which can be fetched when UE is moving in the “RAN-based notification area”. We propose using UL tracking as an alternative to DL pilot measurements, measurement reports and TAUs. In particular, such UL tracking signals (TS) are transmitted by the UEs that are in the power saving “new state” and allow the network to estimate the approximate, or in some cases, more accurate locations of the UEs. The UL TS are narrowband, for power efficiency, and the corresponding time-frequency resources are allocated by the gNB. Different UEs can be distinguished by their configurations of UL TS, e.g. using different radio resources (the details would be for RAN1 to design).

The UL TS may be transmitted periodically or triggered by the UE. These parameters can be configured by the network. For UE-triggered UL TS, the UEs can monitor a DL control channel such as the PDCCH to manage the configuration for paging notification, etc. However, the UEs do not need to request for an RRC connection establishment before transmitting the UL TS. The time-frequency allocations and the sequence to be used for UL TS are provided by the gNB.
It is important to note that the UL-based tracking is not proposed to replace DL-based mobility. It is especially useful in environments where the TRP ISD is a few hundred meters or less. This paper focuses on such environments. In large cells, such as rural macro cells where cell size is measured in kilometers, UL TS becomes somewhat problematic because of the high UL transmission power needed as well as the propagation time differences to different TRPs. However, one should still note that MMIMO techniques in large cells are likely to need UL tracking.
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Figure 1. UL tracking signal process and TRP configuration.
The UL tracking signalling in the “new state” would not be similar to TAU in LTE idle mode mobility, where the UE sends a message in connected mode to RAN and CN when changing tracking area. To keep track of the UE on a TRP basis using TAU, would be almost the same as being in connected mode. Either the UE would need to measure several TRPs and then send these measurements in uplink for the RAN to decide which TRP should be used, or the UE would make the decision and send this info to NW. The UL tracking signal will of course have to be transmitted more often than the TAU solution, but the transmission is more effective as little or no info needs to be coded in the UL beacon and a single beacon takes care of several measurements.
Proposal 1: UEs in “new state” should transmit UL tracking signals for network based mobility.

Proposal 2: UEs in “new state” should transmit UL tracking signals without requesting for RRC connection establishment/resume.
To periodically track the UE, the NR would configure periodical UL tracking resource to the UE. With the aim to reduce the power consumption of the UE the periodicity would be as long as possible, but since the periodicity will be depending on the required tracking accuracy it will depend on a combination of UE velocity and TRP density. An adaptation mechanism might be needed to handle UE changes in velocity In order to support different scenarios, periodical UL tracking transmission and event-triggered UL tracking transmission should be considered.
Proposal 3: Both periodic and event-triggered UL tracking signal transmissions can be supported.
2.2 Advantages

Latency
In LTE we have two different mobility handling methods defined: Network controlled mobility, where the service continuity is prioritized and the UE’s position on a cell basis would be known to the network at the cost of increased power consumption for both network and UE and signalling load; and
UE controlled mobility, where the UE power consumption is prioritized and the UE position is only known on a TA level at the cost of latency for the first packets in a flow. 

These two methods are associated to an RRC state each (CONNECTED and IDLE) and changing between these states requires signalling between the UE and the network to avoid misalignment of states. Since the UE’s location is not known on a cell basis for RRC_IDLE, a transition to RRC_CONNECTED state is needed before being able to transmit the data. This will increase the latency in the system. 
Due to the emerging of smart phones, with numerous applications requiring small packet exchange between the UE clients and respective cloud server, the number of transitions between the states has increased and thus the signalling load. We do not expect this type of small data communication to be reduced in the future, rather the opposite, and therefore we are expecting the periods when the UE would be able to spend in idle mode to be shorter, and more frequent transitions between the states will increase the latency for the packets that cause the transitions. Keeping all these UEs in connected state and performing continuous measurements of TRPs as well as measurement reports for handover signalling, as a solution for this, will become power intensive, especially when the networks become denser. It also increases signalling load in the form of measurement reports and handovers.
If we can have a state where we always know where the UE is at a TRP level, there is actually no need to change between idle and connected states. UL tracking makes such a new state possible at low power consumption for the UE, as shown in [2]. The main advantage of this in latency is the avoidance of the RACH procedure which is needed to find untracked UEs.  Figure 2 compares the needed procedures to deliver DL data to the UE in the cases of downlink based measurement and uplink tracking.
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Figure 2: DL data transmission for DL and UL based tracking.

The effect on latency for the packets has been presented in more details in [3], showing that UL tracking can enable even low latency services to make use of the power savings in “new state”. 
Observation 1:
UL tracking signals in inactive state reduces the need for state transition signalling and decreases the latency for packets.

Signalling load
The signalling load of UL beacon based mobility tracking in the Power Saving State was studied for different rates of incoming DL packets. The comparison was based on the number of resource elements per second used in each TRP (on average) by the control signalling (user plane was not included). Resource element is one symbol times one subcarrier. Three cases for the mobility tracking were compared:
DL tracking. The light connection mode where context is maintained in the network was assumed. PSS/SSS signalling was included in the analysis, but not the phase reference signals. All the control signals in Figure 2 (left) were included. In addition TA updates and HO signalling (including measurement reports) were included. It was assumed that the UE returns to the idle state after a timer expires. If a new DL packet arrives before that time, UE will remain in RRC connected state.
UL tracking option A. This is according to Figure 2 (right side). LTE PSS/SSS signals were assumed to be broadcast and used for time synchronization similarly to the DL tracking case (and included in the analysis). The UE remains in the power saving state continuously regardless of the incoming DL packet rate. It was assumed that mobile users (10% of all users; moving 30 km/h) beacon at each DRX cycle. The static users beaconed once per second.
UL tracking option B. This option is otherwise similar to option A, but here it was assumed that the narrowband UL beacon allowed the downlink physical control channel for DCI to be beamformed, as discussed below. The DL transmissions were assumed to occur at every DRX cycle for each user with a beam that covered 10% of the TRP serving area. This can be considered as a very conservative assumption, so the practical performance can be assumed to be better. In addition, the PSS/SSS was only sent with a 50ms interval, instead of the 5ms in LTE.
In order to understand UL option B, one should note that UL TS can be transmitted in such a way that it covers the frequency range used for DL control signal, e.g. the PSS/SSS and physical control channels (the subcarriers used by the UL beacon do not have to be adjacent). If the UL TS is transmitted in the beginning of each DRX cycle this allows the CSI to be determined for the physical control channel. The lowering of the PSS/SSS rate would become possible if there would not be handovers based on DL measurement and the RACH procedure. Of course this would be used when ISD is less than a few hundred meters.
Figure 3 shows the consumption of resource elements per second per TRP. Both DL tracking and UL tracking option A are heavily dominated by the load of PSS/SSS downlink reference. This can be clearly seen from Figure 4. Only at higher incoming data rates, the DCI signalling starts becoming significant. Other signalling, including paging or RACH do not consume much bandwidth. The reason why UL tracking outperforms DL tracking is the fact that UL tracking consumes very little signalling resources and allows avoiding the paging, RACH and RRC reconnect signalling. With the assumptions in Table 1 (below), the UL tracking consumed only 2 percent of the resource consumption of PSS/SSS. Note that UL TS do not carry any information and therefore can be sent in a small shared resource, 586 resource elements per second per TRP with the parameters used in the study (21 UL TS resource blocks were needed per second per TRP, each 2 symbols long and 14 subcarriers wide). For example, PSS/SSS consumed 28800 resource elements per second per TRP (200/s x 2 symbols x 72 SC).
If the UL TS is used to beamform DCI information and lower the PSS/SSS frequency, dramatic decrease in signalling load can be obtained, as seen from Figure 5 (UL tracking option B). Still the beamformed DCI signalling dominates the load of the UL TS –based scheme. This tells about the importance of optimizing DCI transmissions, especially in future when the expected traffic from sporadic messages between UE clients and cloud servers is likely to increase.
One should note that the main results of this study were not at all sensitive to the input parameters: they are quite similar if the DRX period is increased to 1 second, the TRP serving radius is increased to 250 meters or user density increased to 100,000 users per square kilometre. The main difference in the last case is that DCI message load will dominate.
Observation 2: UL tracking messages consume insignificant amount of radio resources. 

Observation 3: Significant savings in mobility, DCI and time synchronization related signalling can be obtained if the UL beacon is used to allow beamforming of DL control channels and avoidance of RACH in HO.
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Figure 3. Signalling load of different mobility tracking options.
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Figure 4. The components of the DL tracking signalling load, including DCI.
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Figure 5. Signalling load components for optimized UL tracking option B together with the difference to DL tracking (red).
	Parameter
	Values

	User density
	10 000 users / km2

	Fraction of mobile users
	10%

	Mobile user speed
	30 km/h

	TRP radius (~1/2 x ISD)
	100 m

	DRX cycle
	200 ms (incoming DL packets buffered when needed)

	Incoming user plane DL message rate per user
	0.1, 0.2, 0.4, 0.8, 1.6, 3.2, 6.4, 12.8 msg/s/user

	Time in RRC connected
	5 s

	Size of tracking area
	3 TRPs

	UL beacon rate for mobile users
	5 beacons/s = DRX rate

	UL beacon rate for static users
	1 beacons/s

	UL beacon length and bandwidth
	2 symbols, 14 subcarriers

	UL beacon format
	Zadoff-Chu sequence

	Beam area for beamformed DL control transmissions
	0.1 cells

	Frequency of UE-specific DL ctrl transmissions
	DRX rate


Table 1. Parameters for the signalling load study.
Power consumption

As shown in [5] the power consumption for the UE can be reduced using UL tracking signalling in the new state compared to UE controlled mobility in a RAN controlled area. The main reason for the reduced power consumption in the UE comes from the removal of DL pilot measurements and the avoidance of the RACH procedure and other signalling required for state changes. 
The power from the UL tracking signals has an insignificant effect on the UE power consumption 
Observation 4: UL tracking can reduce the power consumption for the UE.

From a network perspective the power can also be reduced, since the need for the mobility related signalling is reduced. Quantizing this requires further studies. 
Complexity

If UL TS is used for geographic positioning of the user, it is clear that TRPs need to be under common control in the gNB. This will add to the complexity of the network, but will, on the other hand yield gains in the form of more proactive control of mobility and radio resources. However, if the UL TS is used for estimating only the rough position in terms of network topology (the TRP to use for a particular UE) or to measure the CSI to the user for the DL control channel, no coordination is needed between the TRPs. The gains shown in this paper do not assume that the TRPs would be coordinated.
To fully realize the potential capacity of TDD operation, it is necessary to time synchronize the TRPs with an accuracy that is a fraction of the cyclic prefix. This requirement is independent from UL mobility tracking. UL tracking will not require higher synchronization accuracy than that of efficient TDD operation.
The detection of the UL TS at the gNB does not add much to the computational load. For example, if we use Zadoff-Chu sequences that have been extensively used in LTE in both DL (e.g. sync signals) and UL (e.g. RACH, DM-RS, SRS), the detection requires a number of complex multiplications equal to [5]
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where NZ is the ZC length. NZ = 13 was used in the analysis. A mature body of knowledge addressing efficient architectures [4] and low complexity implementations [5] exists. Note that the gNB is aware of the possible UL TS for each TRP in its area.
Observation 5: Mobility based on UL tracking does not require coordination of the TRPs.

Observation 6: The inter-TRP time synchronization accuracy required by efficient TDD operation is sufficient for all forms of UL tracking.
Observation 7: The detection complexity for the UL TS is low.
3 Conclusion

This contribution has clarified the issues raised at the last RAN2#95 meeting concerning the document R2-165449 Benefit of UL Beacon Tracking for “Power Saving State” and provided further details of the proposed solution for UL RS based mobility handling of “idle-state” UEs.
In particular, the following observations have been made:
Observation 1:
UL tracking signals in inactive state removes the need for state transition signalling and decreases the latency for packets.

Observation 2: 
UL tracking messages consume insignificant amount of radio resources. 

Observation 3: 
Significant savings in mobility, DCI and time synchronization related signalling can be obtained if the UL beacon is used to allow beam forming of DL control channels and avoidance of RACH in HO.

Observation 4: 
UL tracking can reduce the power consumption for the UE.
Observation 5: 
Mobility based on UL tracking does not require coordination of the TRPs.

Observation 6: 
The inter-TRP time synchronization accuracy required for efficient TDD operation is sufficient for all forms of UL tracking.
Observation 7: The detection complexity for the UL TS is low.
Moreover, the following proposals have been made: 

Proposal 1: UEs in “new state” should transmit UL tracking signal for network based mobility.

Proposal 2: UEs in “new state” should transmit UL tracking signal without requesting for RRC-connection establishment/resume.

Proposal 3: Both periodic and event-triggered UL tracking signal transmissions can be supported.
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