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1
Introduction

In this document, we consider possible schemes for UE mobility in "active state" (connected to RAN with active data transmission) and "power saving" state (without active data transmission, connected to RAN or not) in order to address the challenges discussed in [1].
2
Discussion
2.1
Mobility in NR "active state"
For LTE UEs in RRC_CONNECTED, the term "mobility" refers to handover, i.e. change of PCell. Every time the UE is moving out of the coverage of the PCell, it is necessary to do a RRC connection reconfiguration to change to another PCell and move RRC signalling there and provide the UE with an identifier allocated by the target cell. If the target cell is controlled by a different eNB, there is also the need to move the CN connection for the UE from the source to the target eNB.

From the physical layer perspective of LTE, UL and DL transmissions towards the UE are different during handover. This means e.g. that the UE cannot simultaneously receive transmissions from the source and from the target cell and that uplink transmissions from the UE can only be received from one cell. . To avoid interruption of the transmission of data and control signalling upon change of PCell, each cell must provide an area of good coverage overlapping within the coverage of each of its neighbours and the change of PCell must occur exactly when the UE is the relevant overlapping area. 
With the introduction of CoMP, mobility between different TRPs is a smoother process than handover where transmissions may go uninterrupted as the UE is moving without the need to do RRC signalling in a time critical manner.
In LTE, dual-connectivity was also introduced as a way to maintain the RRC connection to a larger cell while using smaller cells to reach higher data rates for user data. Dual-connectivity relies on separate nodes with independent L1/L2 configurations and scheduling functions in MeNB and SeNB, while L3 control is only in the PCell, and does not address the continuity of the RRC connection when moving out of the PCell.

Given the interest of CoMP and dual-connectivity, it is likely that network deployment will increasingly consider the coordination of multiple TRPs and this could be an opportunity for smoother mobility wider areas.

In order to take advantage of such a possibility, it would be beneficial to consider - from the beginning of the design of NR - the use of areas with coordinated TRPs (possibly with different levels of coordination, e.g. it could be considered to have tight physical layer synchronisation between some TRPs similar to MBSFN transmission, and/or a different level of coordination with different PHY data streams in different TRPs – similar to current CoMP scenarios) which from the UE are seen as a single "cell” from the RRC protocol perspective, e.g. the UE has an identity valid in the whole area, there is a single access procedure and the RRC connection is maintained without the need of any interruption at the physical layer. 

Note that there has been interest in changing or even removing "cell" concept for NR.  This is a complex topic and we do not try to resolve it in this paper, it should be considered the term "cell" is read very broadly to mean an area where the UE has a seamless view of the network at least in layer 3. In the end this concept could be specified with some other term.

Proposal 1: Consider the use of areas with a group of TRPs which are seen as a single "cell" from RRC protocol perspective (e.g. with a UE ID valid in a whole area) in which some TRPs in the group can do coordinated transmission for a specific UE.
This type of coordinated scenario is shown in Figure 1.  The UE physically moves between the shaded TRPs, but because they are seen in RRC as a single "cell”, this is transparent to layer 3 and no handover or similar procedure is needed.
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Figure 1  TRPs coordinating to appear as one "cell"
Notice in Figure 1 the change of involved TRPs when the UE moves, even though this change is not visible to layer 3.  The "cell” area contains a group of TRPs, and one or multiple TRPs can serve the UE for UL/DL.  As the UE is moving, the serving TRP(s) in the "cell" area will change dynamically TRPs in the "cell” area could join or leave the "cell” possibly transparently to the UE.
When the UE is moving towards the edge of an area with coordinated TRPs, say "cell" A, towards an area covered with another set of TRPs, say "cell" B, there will be the need at some point to switch transmissions between the two "cells", and possibly also change the UE ID which is valid in one "cell" area (at least, to confirm that the UE will have an ID valid in the new "cell" area). If the UE establishes the transmission with "cell" B at a time where it has become challenging to maintain the transmission to "cell" A, there is a significant risk of failure.
However, as the "cells" consist in multiple TRPs potentially covering a wide area, there may be the possibility to have significant overlap between "cells", e.g. by having some TRPs at the border to two "cells" capable of participating to both cells. In such a scenario, the RRC connection of the UE could be moved to "cell" B while still in "cell" A, to allow handover without service interruption. Scheduling in the overlap area needs to be careful designed to allow smooth handover. 
Proposal 2: Consider the use of overlapping (multi-TRP) "cells" in order to allow handovers while in very good radio conditions towards both the source and the target "cell".
2.2
Selection of TRPs within a "cell"
When the UE is moving within one (multi-TRPs) "cell", there is the need to select the most appropriate set of TRP(s).  Traditionally, to select TRPs, LTE is using DL measurements from the UE which are filtered based on network configuration and reported to the network after an event is triggered. This method could allow accurate information for the selection of TRPs for DL transmissions. However, it involves significant UE measurements and extra signalling and there is a difficult trade off between measurements/signalling and efficiency/reliability.
As the UE is active, there are uplink data transmission and possibly some kind of SRS. Since the UE has a unique identity in the whole "cell", there should be the possibility for neighbour TRPs to detect the UE and evaluate the quality of UL transmissions, which can allow the network to select the proper set of TRPs.  See Figure 2.
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Figure 2  Use of UL reference signals for TRP selection
For TDD, this could be fully sufficient while for FDD, some link imbalance would need to be considered. In this case some additional information DL measurements could still be needed but they may not need to take the form of RRC signalling. Still, at least for LoS scenarios, comparing TRPs to each other based on UL measurements would not be a problem, i.e. link imbalance would affect the absolute signal strength measured, but it should not change which TRPs receive the best signal.
In addition, it may be possible for the network to accurately determine UE position at any time based on network side analysis of the uplink signals, allow predicting UE mobility and anticipate the TRPs to be used in the future.
Proposal 3: Consider the use of uplink measurements, possibly as the primary tool both for intra- (multi-TRP) "cell" mobility (TRP selection) and for inter- (multi-TRP) "cell" mobility.
In the case of inter- (multi-TRP) "cell" mobility, if some overlap between cells is possible, the UE can also be measured by TRPs shared with a neighbour "cell" to support mobility. Even without any detection of the UE from the target cell, knowledge of UE position and speed in the source cell could be sufficient to make accurate decision to move the RRC connection to the target.

In some cases, it may not be possible to have overlap between neighbour "cells", e.g. in case of "cells" from different network vendors.  For these cases it could still be possible to use UL measurements to assist mobility, but the level of coordination could be different and it should be studied as a separate case.
Proposal 4: Consider as a second step the optimization of mobility between non-overlapping (multi-TRP) "cells".

2.3
Mobility in NR "power saving state"
In the "power saving state" there would not be reliable uplink transmissions available to measure as in section 2.2, so no "free" way for the network to tell which are the UE’s nearest TRPs. Mobility in these conditions might not be able to use the same approach as "active".

One possibility is to adopt an approach similar to the "light connection" currently discussed for LTE, i.e. to consider a state where the UE is still connected to the RAN but with reduced power consumption and signalling. In the case of LTE, what is proposed is that the UE does DL measurement and cell reselection, the UE is paged by the RAN when new DL data arrive and the UE does a random access upon new UL data arrival and provides a kind of "resume ID" similar to NB-IoT.
For NR, intra-(multi-TRP) "cell" mobility in a power saving condition would be transparent to the UE, i.e. the UE would only see that it is still in the same cell. In case of DL data arrival, there will be the need to initially use multiple (possibly all) TRPs of the "cell" to contact the UE, in a similar manner like paging, since the UE location within the cell is not known by the network.
For inter-(multi-TRP) "cell", the UE could perform cell reselection within a region without any signalling messages exchanged with the network, which would require to page the UE on all TRPs in the region in case of DL data arrival. This is a generally similar approach to how idle mode mobility works at the tracking area level in LTE and could be seen as a natural baseline for a "power saving state" in NR. It has the disadvantage of increased paging load, however.
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.
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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 accurate UE positioning, even in "power saving" state, which could be useful both to reduce paging area and for other types of services.

Proposal 5: 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). 
2.4 Mobility in NR in "idle state"
As discussed above, the "power saving state" could be a "light connected" state with UE mobility ensured by sending a light periodic signal tracked by the network. If it is considered preferable for some UEs to not maintain any UE context in the RAN, the corresponding "idle state" could be similar to idle in LTE, using cell reselection and signalling when the UE moves out of the current Tracking Area.

Proposal 6: If an "idle state" (i.e. without UE context in RAN) is supported, "cell" reselection and tracking area update can be used like for LTE.
2.5
High frequencies and non-standalone operation
The sort of mobility tracking approach discussed here could be applied also to multi layer deployments, e.g. high frequency TRPs with a macro anchor layer, or NR overlay on an LTE anchor.  This section is speculative since many details would have to be decided before a proper analysis, but the general concept can be viewed at a high level.

In the high frequency case, there is a significant problem to determine what HF TRP(s) should serve the UE.  Especially, if HF is used as a very high bandwidth layer to support quick transmissions (large volume of data in one or a few TTI, before the radio link has time to degrade), it is important for the anchor layer to select TRP(s) as fast as possible and direct the UE to them.  In addition, efficient beam pointing is difficult without extra supporting information, because of the time needed for a search of all directions.

However, if the anchor layer is tracking the UE position (approximately) based on uplink, it has a good idea already of the closest HF TRPs to the UE and can assign them directly, Figure 4.
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Figure 4  Localising a UE for high frequency TRP selection

If the UE position is accurate enough, it could also be used to support beam pointing/tracking in the HF layer.  Even an approximate position could help to reduce the beam search time. Details would need to be examined with RAN1.
Considering the multi layer deployments above, the mobility of UE can based on anchor layer and high frequency layer has no impact on it.
For non standalone NR operation, where NR provides a data layer overlay on LTE macro deployment, uplink tracking would allow the NR layer to maintain a multi-TRP "cell" even while the UE is active only on the LTE layer.  When not in use for data the NR baseband/RF could be powered off, or used for other purposes e.g. diversity on the LTE side, but still tracking the UE by light uplink signals.  When a data transmission is needed on the NR layer, it already knows the TRP configuration to serve the UE as shown in Figure 5.
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Figure 5  Selecting NR overlay TRPs
It seems too soon to pursue concrete proposals on these aspects, but they give some general idea as to how mobility tracking with network measurements could apply to various deployment scenarios.
3
Conclusion
This document proposes:
Proposal 1: Consider the use of areas with a group of TRPs which are seen as a single "cell" from RRC protocol perspective (e.g. with a UE ID valid in a whole area) in which some TRPs in the group can do coordinated transmission for a specific UE.
Proposal 2: Consider the use of overlapping (multi-TRP) "cells" in order to allow handovers while in very good radio conditions towards both the source and the target "cell".

Proposal 3: Consider the use of uplink measurements, possibly as the primary tool both for intra- (multi-TRP) "cell" mobility (TRP selection) and for inter- (multi-TRP) "cell" mobility.

Proposal 4: Consider as a second step the optimization of mobility between non-overlapping (multi-TRP) "cells".

Proposal 5: 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 6: If an "idle state" (i.e. without UE context in RAN) is supported, "cell" reselection and tracking area update can be used like for LTE.
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