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1 Introduction

At RAN#71 the study item “Further Enhancements LTE Device to Device, UE to Network Relays for Wearables” was approved [1]. The study item has a single objective for RAN2:


Until RAN#72, evaluate scenarios in RAN2 considering progress in SA WGs, and refine objectives accordingly.
SA#71 approved the work item “Wearable device using LTE” which would develop the requirements for RAN to take into account [2]. In this paper we discuss the concept of wearables from the aspects of RAN architecture, coverage scenarios, user plane/control plane split and traffic models. Our findings are summarized in a text proposal for updating the objectives of the study item.

It can be discussed whether RAN2 should discuss this topic at all in RAN2#93bis given that there is no progress in SA WGs to consider, which is something RAN2 should do according to the study item objective. However, we note that this topic is on the agenda for the meeting and in this contribution we present various scenarios RAN2 could consider in a potential future work or study item. We also present an updated list of objectives. Still, we do believe that RAN2 should not settle on any objectives before SA1 has progressed their work.
2 Discussion
2.1 Gap Analysis

The purpose of this section is to establish which interfaces and technologies are available in Rel-13 and use this to identify the gaps which need to be studied in Rel-14 to fulfil wearables use cases.

2.1.1 Architecture

For the sake of this discussion we depict a simplified architecture in Figure 1. It shows the eNB and two UEs, the “rUE” which is the Relay UE, and the “wUE” which is the Wearable UE. We do not propose to introduce some new UE variants in the specifications, we merely introduce these temporary labels to simplify the discussion.


[image: image16.png]eNB

IF1

rUE

IF2

wUE





Figure 1 – Schematic architecture showing the considered nodes and interfaces.
The figure also shows three interfaces between the nodes. Again, these are to be used as temporary names to simplify the discussion. The gap analysis will show various ways to realize these interfaces, i.e., which technique to use for them.

Current state of the art shows that the rUE is typically a normal smart phone (i.e. a UE of some higher category), the wUE is a watch, headset, fitness monitor etc. IF1 is realized through LTE-Uu and IF3 is most often realized through Bluetooth, but there are also cases where WiFi is used. IF2 is usually not realized at all, i.e. the wearable device has no direct connectivity to the network, but there is a push from the industry to have this possibility which is one of the reasons behind this work. By realizing IF2, the wUE becomes known to the network, something which is typically not seen today. This also implies that there would need to be some form of identification in the wUE (e.g. a SIM) the network can use.
Observation 1 A problem with current deployments is that the wUE is not known to the network.

2.1.2 Realization of IF1
IF1 is the interface between the rUE and the eNB. Even though multiple options exist (LTE-Uu with and without eMTC, NB-IoT) we think we should assume this to be the common LTE-Uu for mobile broadband, i.e. not restricted to NB-IoT or eMTC. Making a restriction would only make the work harder, and we do not know of any requirements that the rUE should be very low-power or low-complex. In current scenarios, the rUE is a standard smart phone and that is probably sufficient for our use cases.
Observation 2 It is assumed that IF1 is realized through LTE-Uu of some higher category.

Observation 3 It is assumed that the rUE is a standard smartphone, i.e. a UE supporting LTE-Uu of some higher category.

2.1.3 Realization of IF2

IF2 is the interface between the wUE and the eNB. Rel-13 provides multiple choices, depending on the capabilities of the wUE. The options are LTE-Uu of some higher category, eMTC, or NB-IoT. The two latter ones reduce the power consumption and complexity of the wUE, while the first one gives the best performance in terms of bitrate. Which one is the best one depends on the capabilities of the wUE. Contrary to the realization of IF1 we do not think we can make an assumption of a single realization on IF2.
Observation 4 It is assumed that IF2 can be realized through LTE-Uu of some higher category, eMTC, or NB-IoT.
2.1.4 Realization of IF3

IF3 is the interface between the rUE and the wUE. Rel-13 provides two choices and it is the LTE-D2D sidelink and the Rel-10 Relay node. However, we think we should also include the possibility of a non-3GPP access (i.e. BT or Wifi) as that is commonly used today.

Observation 5 It is assumed that IF3 can be realized through LTE-D2D sidelink, Rel-10 Relay node, or a non-3GPP access (i.e. Bluetooth or WiFi).
2.1.5 Assumptions on the wUE

As the area of wearables is still in its infancy it is very hard to predict how it will develop. What we can see today is that it seems there are two development tracks based on the usual trade-off between battery life and bit rate. For some wearables (e.g. sensors, fitness trackers, actuators), long battery life appears to be more important than high bitrate. We call this group of wearables power-efficient wearables. For some wearables (e.g. VR-goggles), high bitrate is more important than long battery life and we call this group of wearables high-bitrate wearables. 
2.1.5.1 Power-efficient wearables

For this group we can additionally expect that low complexity and small form factor is important. Maybe a wearable in this group has only one receiver antenna. That would restrict IF2 to be realized by Rel-12 MTC, Rel-13 eMTC or NB-IoT. Due to the requirement on low complexity, it is probably beneficial to use a 3GPP technology on both interfaces IF2 and IF3. As neither Rel-10 Relay Node (assuming we use a full-blown LTE Uu) nor LTE-D2D Sidelink is exceptionally power-efficient, some development on IF3 is needed for the power-efficient wearables.

Observation 6 For power-efficient wearables the realization options for IF3 (Rel-10 Relay Node, LTE-D2D Sidelink or non-3GPP) in Rel-13 are not sufficient.
2.1.5.2 High-bitrate wearables
For this group we generally assume that the devices would be high-performance. They should be able to receive and transmit with high-bitrates, and maybe there are some fancy screens involved as well (in the case of VR-goggles). To be able to deliver a high-quality experience to the user when there is no relay UE to rely on, these devices need to support LTE-Uu of some higher category on IF2. Similar requirements on bitrate would be put on IF3. Trying to fulfil this requirement with LTE-D2D Sidelink would require some studies as LTE-D2D Sidelink was not designed with high-bitrate services in mind. As the requirement on low complexity is not as strong for this group of wearables, it should be possible to use WiFi for IF3. If the UE supports LTE-Uu on IF2, it can of course also support it on IF3, in case of the Rel-10 Relay Node.
Observation 7 For high-bitrate wearables realizing IF3 through LTE-D2D Sidelink study of the LTE-D2D Sidelink to ensure the support of higher bitrates is required.

2.1.5.3 Prioritization of work

As shown above, the interfaces IF2 and IF3 can be implemented with WiFi for the high-bitrate wearables using existing technology. Such a device cannot be paged or reached by the network, but from a user perspective, maybe that is of less importance. Thus, we think the study of power-efficient wearables should be prioritized over the study of high-bitrate wearables. We think it should be assumed that with respect to capabilities of the wUE, a baseline should be that the wUE is a Cat-0, Cat-M1, or NB-IoT UE. 

Proposal 1 A potential future work or study item should prioritize work related to power-efficient wearables over work related to high-bitrate wearables.
Proposal 2 A potential future work or study item should assume (as a baseline) that with respect to capabilities, the wearable is Cat-0, Cat-M1, or NB-IoT UE.

2.2 Coverage scenarios
In this section we analyse the situation of wearables from the perspective of coverage.

2.2.1 In coverage
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Figure 2 – Coverage scenario 1 
In Scenario 1 the rUE is in eNB coverage while the wUE is in eNB coverage extension. Signals such as SIB, PSS and SSS are assumed to always be available to the wUE from the eNB. The interfaces have the same naming as before. In this example, IF1 is realized by LTE-Uu, and IF2 by eMTC or NB-IoT. IF3 in this case is realized by “enhanced D2D” which for this discussion does not need to be further detailed. From Figure 2 we see that rUE is in “normal” eNB coverage and wUE is in extended coverage. In this scenario, improvements are sought to improve the wUE situation. This scenario may occur more often than a first glance indicates due to aspects such as: 
-
larger wUE coupling loss due to less antenna gain and higher body loss compared to the rUE; 
-
less wUE transmission power; 
-
wUE may be placed in less-favourable geographical locations in terms of signal quality, e.g. a sensor in a basement.
Proposal 3 A potential future work or study item should include a coverage scenario where the rUE is in eNB coverage and the wUE is in extended coverage.
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Figure 3 – Coverage scenario 2
In Scenario 2 both the rUE and the wUE are in eNB coverage extension. Signals such as SIB, PSS and SSS are assumed to always be available to the wUE from the eNB. The IF1 is realized by LTE R13 CE, NB-IoT or eMTC and IF2 is NB-IoT or eMTC. The Sidelink is “enhanced D2D”. We think this scenario is not the main scenario of the study. The power consumption of the rUE may be too high to justify the use of the IF3 link, but this decision may depend on the ownership of the rUE. Also, if the battery capacity of the wUE is severely restricted, this scenario may become more important. However, for both scenarios, the communication over IF3 should be identical, but the behaviour of the rUE can differ.
Proposal 4 A potential future work or study item should not include a coverage scenario where the rUE and wUE both are in extended coverage.
2.2.2 Out of coverage

Public Safety UEs out of coverage can connect to the network using the ProSe UE-to-Network Relay as developed in Rel-13. As the majority of the work in this area in both Rel-12 and Rel-13 was on supporting scenarios and requirements for public safety, we think the focus in Rel-14 should be on commercial use cases, but this should primarily be decided by SA1 when they set the requirements. Based on this, we think that a potential future work or study item should not include scenarios where UEs are out of eNB coverage.

Observation 8 It is up to SA1 to decide upon the requirements of Public Safety operation (e.g. whether to include scenarios for UEs out of coverage).

2.3 How to route the user/control plane
It may be beneficial to study how to route the control and user plane in a relaying scenario. With the introduction of the relay there are various ways how to route control and user plane traffic and some can be used as a way to save power and/or reduce complexity. A current non-relaying situation is shown in Figure 4 as a reference. In this scenario both rUE and wUE get both control plane and user plane from the eNB. Here we can assume eMTC or NB-IoT is used over IF2 which may result in a high number of repetitions which consumes power and reduces battery life.
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Figure 4 – Baseline for UP/CP routing without using IF3.
If IF3 is taken into use, it is possible to come up with better ways on how to carry the user and control plane respectively. We will briefly present a couple of options from the perspective of the wUE hence leaving out control plane and user plane arrows which terminates in the rUE.
2.3.1 Least change
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Figure 5 – Least change
In this option, the wUE receives the DL user plane from the eNB, but transmits UL user plane to the rUE. The control plane is directly transmitted to the eNB. With this option, the number of repetitions used to transmit user data can be reduced. As the control plane is not improved, this option would have the most benefit if the amount of user plane traffic is higher than the amount of control plane traffic. This option implies that control plane procedures (e.g. paging and random access) would not need to be changed.

2.3.2 Uplink D2D
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Figure 6 – Uplink D2D
In this option, the wUE transmits all its uplink traffic (both user plane and control plane traffic) via the rUE and it receives both user plane and control plane on the downlink directly from the eNB. With this option, the wUE can save even more power, as the number of repetitions needed to transmit the control plane is also reduced. This option implies that control plane procedures like random access when going via the rUE in UL only needs to be developed. A benefit with this option is that the wUE does not need to be able to receive Sidelink traffic. Hence only one receiver chain is required and it does not need to be retuned between Sidelink and downlink subframes in case of FDD.
2.3.3 User plane D2D
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Figure 7 – User plane D2D
In this option the wUE transmits and receives the user plane via the rUE and the control plane goes directly to and from the eNB. With this option, the power efficiency of the control plane procedures would be reduced compared to Uplink D2D and multiple repetitions may be necessary. Existing control plane procedures can be mostly reused, but the wUE would need to be able to receive both on DL and UL spectrum.
2.3.4 Energy saver
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Figure 8 – Energy saver
In this option we explore the possibility of power saving to maximum by using IF3 for both control plane and user plane for the wUE. With this option we can make full use of the (often) better radio channel to the rUE compared to the radio channel to the eNB. In this scenario the eNB controls the radio resources of IF3 through rUE. We still think the wUE should receive the broadcast signalling from the eNB. Otherwise if that is also sent via the rUE, we get a solution which is very similar to a Rel-10 relay, at least from the perspective of the wUE. 
We think this option is the most promising one from the perspective of power saving, but it is probably also the one which may require the biggest changes to the specifications. Careful analysis is needed in particular related to the control plane.
Proposal 5 A potential future work or study item should study various ways to route the control and user plane in relaying scenarios in order to improve power efficiency and reduce the complexity in the wearable UE.
2.4 Traffic models
It is important to study wearables using proper traffic models as they may affect which solutions are pursued and standardized. Based on current market trends we think one type of wearables (e.g. pulse meters, GPS) would make a single UL transmission every other minute. The size of the transmission would vary from a few kilo bytes to tens of kilo bytes. Another group of wearables (e.g. headphones) would be more DL-heavy to be able to receive a music stream (e.g. 128 kbit/s). However, this is by no means an exhaustive analysis.
All in all, the amount of traffic for power-efficient wearables is probably quite low. If there are no capacity requirements, no elaborate system simulations should be needed.

Proposal 6 A potential future work or study item should develop and study relevant traffic models which accurately reflect current and future market needs.

2.5 Text proposal
Based on the objectives in the WID and the observations in this paper, we would like to propose the following refined objectives.
The objective of this study item is to study enhancements to E-UTRAN targeting wearables use cases and requirements as developed by SA1. It is assumed that a wearable UE supports uplink, downlink, and sidelink, and that it has 3GPP subscription credentials. With respect to the capabilities in uplink and downlink of the wearable UE, they correspond to the capabilities of UEs of Category 0, M1, or NB-IoT UEs. For scenarios using a relay, the study item can assume that the connection between the relay and wearable UE is realized by either LTE sidelink or non-3GPP technology. Following is the list of objectives.
1.
Study and define a generic UE-to-Network Relay architecture, including methods for the network to identify, address, and reach a remote UE via a relay UE. [RAN2]

a.
Study the possibility of a common solution supporting the following use cases:[RAN2]
i.
UE to network relaying over non-3GPP access (Bluetooth/WiFi), where E2E QoS may not be guaranteed. 

ii.
UE to network relaying over LTE sidelink. Assess standard impact of E2E QoS. 

iii.
Unidirectional and bidirectional UE to network relay.
b.
Investigate potential impacts to protocol stack, procedure and signalling mechanisms, such as authorization, connection setup, UE mobility, parameter configuration and security, allowing multiple remote UEs via a relay UE.[RAN2, RAN3] 

c.
Path selection/switch between the cellular link (Uu air interface) and relay link and provide service continuity [RAN2, RAN3]. 
d.
Study of a coverage scenario where the remote UE is in extended coverage and relay UE is in “normal” eNB coverage is prioritized over a coverage scenario where the remote UE and relay UE both are in extended coverage.
e.
Study of scenarios for power-efficient (low-power, low-complexity) wearable UEs is prioritized over the study of wearable UEs which do not have the requirement on low power or complexity.
f.
In relaying scenarios, study various ways to route the user plane and control plane in order to improve power efficiency and reduce complexity in the remote UE.
2.
Study necessary LTE sidelink enhancements.
a.
Introduce additional evaluation assumptions to the sidelink evaluation methodology defined in TR 36.843 focussing on analysis of wearable use cases [RAN1].

b.
Identify mechanisms to enable more efficient, reliable, and/or low complexity/cost & low energy sidelink [RAN1, RAN2, RAN4].
c.
Study additional co-existence issues with adjacent carrier frequencies that may arise due to the new mechanisms identified [RAN4].
FDD, H-FDD and TDD should be considered for this work. The impact of sidelink operation on cellular traffic, spectrum and QoS of other cellular services are assumed to be fully controlled by the network. 
The study will consider the outcome of potential SA1 work on the related requirements. SA WGs will be consulted if deemed necessary in the study. Some parts of the objectives can be concluded earlier than the SI completion date.
3 Conclusion

In section 2 we made the following observations:
Observation 1
A problem with current deployments is that the wUE is not known to the network.
Observation 2
It is assumed that IF1 is realized through LTE-Uu of some higher category.
Observation 3
It is assumed that the rUE is a standard smartphone, i.e. a UE supporting LTE-Uu of some higher category.
Observation 4
It is assumed that IF2 can be realized through LTE-Uu of some higher category, eMTC, or NB-IoT.
Observation 5
It is assumed that IF3 can be realized through LTE-D2D sidelink, Rel-10 Relay node, or a non-3GPP access (i.e. Bluetooth or WiFi).
Observation 6
For power-efficient wearables the realization options for IF3 (Rel-10 Relay Node, LTE-D2D Sidelink or non-3GPP) in Rel-13 are not sufficient.
Observation 7
For high-bitrate wearables realizing IF3 through LTE-D2D Sidelink study of the LTE-D2D Sidelink to ensure the support of higher bitrates is required.
Observation 8
It is up to SA1 to decide upon the requirements of Public Safety operation (e.g. whether to include scenarios for UEs out of coverage).


Based on the discussion in section 2 we propose the following:
Proposal 1
A potential future work or study item should prioritize work related to power-efficient wearables over work related to high-bitrate wearables.
Proposal 2
A potential future work or study item should assume (as a baseline) that with respect to capabilities, the wearable is Cat-0, Cat-M1, or NB-IoT UE.
Proposal 3
A potential future work or study item should include a coverage scenario where the rUE is in eNB coverage and the wUE is in extended coverage.
Proposal 4
A potential future work or study item should not include a coverage scenario where the rUE and wUE both are in extended coverage.
Proposal 5
A potential future work or study item should study various ways to route the control and user plane in relaying scenarios in order to improve power efficiency and reduce the complexity in the wearable UE.
Proposal 6
A potential future work or study item should develop and study relevant traffic models which accurately reflect current and future market needs.
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