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1	Introduction
During RAN#72 meeting a revised SI for “Further Enhancements to LTE Device to Device, UE to Network Relays for IoT and Wearables” was approved in [1]. Its goal is to “study enhancements to Prose UE-to-network relaying and to the LTE D2D framework for commercial and public safety applications such as wearable devices”. ProSe UE-to-Network Relay framework in Rel-13 was created for Public Safety use case and the focus was on the most important functionalities to allow for the feature to be finalized in a limited timeframe. The main objective of Rel-13 relay functionality was therefore to provide network connectivity for the UEs, which are not able to use direct 3GPP connectivity due to, for example being out of coverage. On the other hand Rel-14 SI’s essential theme is to optimize battery consumption by the Remote UEs. Other limitations of Rel-13 solutions are also to be addressed. In this contribution we analyze Rel-13 UE-to-Network Relay framework and try to identify where the enhancements are of highest importance and which parts could be potentially reused or only adjusted or optimized to meet the requirements of commercial and public safety use cases considered in the Rel-14 feD2D SI. 
2	Conditions for sidelink relay related operation
In order to perform relay related sidelink communications Remote UE has to be authorized for such operation by ProSe Function. Also Relay UE needs to be authorized and eNB is able to allow or disallow relay operation for the Relay UE based on the information it receives from MME in the UE Context of the Relay UE. Additionally there are also AS layer conditions, which need to be met in order for the UE to engage in relay related sidelink discovery. First of all there are thresholds of the Uu link’s measured RSRP defining whether certain UE is allowed to act as a Relay UE or Remote UE respectively. The conditions are:
· For the Relay UE – measured RSRP is above (threshLow + hystMin) and below (threshHigh – hystMax)
· For the Remote UE – measured RSRP is below (threshHigh – hystMax)
The parameters are signaled by the eNB in SIB19 and are different for the Relay UE and Remote UE. The parameters signaled by eNB concern only UEs, which are in coverage and Remote UE, which is out of coverage may initiate relay related discovery transmission if it is authorized by higher layers and configured with proper set of radio resources. The values, which can currently be configured for thresholds are in the range of -130 dBm and -34 dBm. It is also possible to set threshHigh to +infinity to allow Remote UE to always communicate via Relay UE if higher layer criterion is also met. Using the thresholds operator is able to configure the area of the cell where relay operation is allowed.
Observation 1: Using currently specified threshold condition for relay related sidelink discovery it is possible to set the area in the cell in which relay discovery is allowed. It is also possible to allow/disallow relay operation in the whole cell.
Proposal 1: The threshold conditions can be reused to allow/disallow relay operation in certain area of the cell for Rel-14 UE-to-Network relay framework.
The possibility to allow relay discovery in the whole cell is especially important in the context of wearable devices, for which coverage extension provided by the relay is not as important as potential power consumption savings, which may be achieved even when measured RSRP is high. This leads also to a conclusion that such threshold for commercial use cases should be different from that of the coverage-driven Public Safety use cases as in Rel-13.
Observation 2: Separate thresholds to allow/disallow sidelink relay related operation are needed for coverage driven Public Safety use cases and for commercial use cases, which are power consumption driven.
The second and last condition, which needs to be met before the UE can engage in relay related sidelink discovery, is for the UE to be configured with the proper set of resources. As mentioned above, out-of-coverage UE needs to be preconfigured with such resources while in-coverage UEs (both Relay and Remote) can obtain them either from SIB19 or via dedicated signaling (when UE is in RRC Connected or when resources configuration is missing from SIB19). We think that the same rules for relay discovery may apply to commercial use cases considered in the Rel-14 feD2D SI. However, it is noted that since the current Rel-13 relay discovery is limited only to PS use case there is a special resource pool reserved for this purpose only and commercial UEs should have a separate resource pool defined so as not to interfere with Public Safety UEs. 
Proposal 2: AS layer criteria for sidelink related relay discovery specified in Rel-13 should be reused for Rel-14 framework. There should be separate set of thresholds and resource pools defined for commercial and Public Safety use cases.
3	Relay Discovery
After the conditions discussed in the previous section are met and before the relay related sidelink communications can take place, Remote UE needs to find a Relay UE, which provides the required service identified by the Relay Service Code. The code is sent in Discovery Announcement or Discovery Response messages (higher layer messages) depending on whether Model A or Model B discovery is used as described in [2]. There is also a Discovery Solicitation message which is sent by the Remote UE when Model B discovery is used. All these messages can optionally include also ProSe Relay UE ID and when Solicitation message is sent with this field included then the response message is sent only by the Relay UE, which is the owner of this identifier. This is particularly important for the use case of wearable devices, which usually will have some pre-configured set of relay devices, which they should connect to, e.g. user’s smartwatch should usually connect to the same user’s smartphone and not to other potential Relay UEs. This higher layer mechanism can be used to achieve that goal when properly configured. For other use cases like IoT or Public Safety on the other hand it can be more beneficial to choose the best Relay UE available, which provides a particular service, which is also possible with the current relay discovery procedure. Similarly Relay UE may accept only particular Remote UEs by reading their Remote User ID, which is a part of User Info sent within discovery messages. 
Observation 3: Using current relay discovery procedure it is possible to limit the set of eligible Relay UE candidates for a particular Remote UE. It is possible for the Relay UE to accept connection requests only from particular Remote UEs.
From radio perspective, the criterion, which is used in Rel-13 for Relay UE selection or reselection, is PC-5 link quality measurements, which are performed using discovery messages sent by the Relay UE. Remote UE performs SD-RSRP measurements and chooses Relay UE, which satisfies higher layer criterion and has the best PC5 link quality among all suitable ProSe UE-to-Network Relays. Suitable Relay UEs are the ones, for which the measured SD-RSRP is above a threshold level, which is signalled as part of SIB19 (in-coverage) or pre-configured (out of coverage). The same measurement can be used in Rel-14 framework to compile a list of suitable relay candidates or to verify whether chosen Relay UE meets minimum quality requirement.
Proposal 3: Reuse SD-RSRP measurement defined in Rel-13 to choose the best Relay UE from the suitable candidates or verify the suitability of the chosen Relay UE.
Based on the above observation we think that current discovery mechanism suits well the use cases on which the Rel’14 feD2D SI focuses and could be reused as a baseline. On the other hand taking into consideration the fact that Remote UE in wearables use case is likely to have a single Relay UE and that the main objective of the SI is to optimize power consumption of the Remote UE we believe that some optimizations could be targeted here. Therefore, we propose the following:
Proposal 4: Relay discovery mechanisms defined in Rel-13 are taken as the baseline for Rel-14 relay discovery including PC-5 link quality measurements and Relay UE selection and reselection rules. Optimizations in terms of Remote UEs power consumption during relay discovery should be studied.
4	Resource allocation for sidelink communications
According to current specifications it is up to Remote UE when to start discovery of ProSe UE-to-Network Relay as long as the aforementioned conditions are met. After successful relay discovery procedure, the next condition, which needs to be met before relaying is possible from UE’s AS layer perspective, is to be configured with the resources, which may be used for relay related sidelink communications. This is the point when the UE, which is supposed to be acting as a relay needs to establish RRC Connection (if not already in Connected state) and ask for the resources using SidelinkUEInformation message. Remote UE on the other hand can engage in relay related sidelink communication also when it is in RRC Idle state if a common resource pool is signalled in SIB18 and allowed for use for relay related communications. Otherwise Remote UE can establish RRC Connection and request the resources using the same procedure as a Relay UE (it does so also when it is already RRC Connected). While being out of coverage Remote UE may also use pre-configured resources. We believe that the same procedures can be in general reused for Rel-14 relaying framework. On the other hand we should once again keep in mind the main goal of the study, which is to enhance power efficiency of Remote UEs and should not exclude optimizations in this area. It has to be also noted that currently the signalled sidelink communication resource pools are destined only for Public Safety use and separate pools should be available for commercial use cases (this refers to broadcast sidelink communication resources).
Proposal 5: Currently specified resource allocation and usage rules for relay related sidelink communications should be reused for Rel-14 relay framework as a baseline.
5	Start of relaying operation
Up to this moment it seems that existing relaying related procedures are in general sufficient and can be reused for Rel-14 framework without major modifications. However at this point in time, i.e. when going from relay discovery to actual communications is where all the gaps of the current relaying framework seem to emerge. After selecting the Relay UE the Remote UE sends it a request to establish one-to-one direct communications link. If authentication between peer UEs is successful Relay UE goes into RRC Connected mode (if it had not been already connected) and Layer 3 relaying can begin using a dedicated PDN connection. However from eNB perspective the source of the traffic is not Remote UE, but Relay UE, so the number of useful features is currently not supported, namely end to end QoS, path switching with service continuity between direct and indirect communications or Remote UE reachability by the network as mentioned in the SI objectives. We believe that completely new Control Plane design is needed for slidelink if we focus on Layer 2 relaying, since there will be actual connection established between eNB and Remote UE as opposed to Layer 3 relaying specified in Rel-13. This should be the main focus of RAN2 effort in the SI while discovery part of the relaying framework specified in Rel-13 can be, to a large extent, reused for the evolved UE-to-Network Relaying framework as described above. 
Proposal 6: As far as Control Plane is concerned RAN2 should focus on enhancements allowing for Layer 2 UE-to-network relaying.
6	Summary
In this contribution we analyzed the current relaying framework in an attempt to identify parts, which could be reused for Rel-14 solution as well as the parts, which on the contrary need to be redesigned or optimized. We observed the following:
Observation 1: Using currently specified threshold condition for relay related sidelink discovery it is possible to set the area in the cell in which relay discovery is allowed. It is also possible to allow/disallow relay operation in the whole cell.
Observation 2: Separate thresholds to allow/disallow sidelink relay related operation are needed for coverage driven Public Safety use cases and for commercial use cases, which are power consumption driven.
Observation 3: Using current relay discovery procedure it is possible to limit the set of eligible Relay UE candidates for a particular Remote UE. It is possible for the Relay UE to accept connection requests only from particular Remote UEs.
Based on these observations and the considerations presented in the paper we propose to agree on the following:
Proposal 1: The threshold conditions can be reused to allow/disallow relay operation in certain area of the cell for Rel-14 UE-to-Network relay framework.
Proposal 2: AS layer criteria for sidelink related relay discovery specified in Rel-13 should be reused for Rel-14 framework. There should be separate set of thresholds and resource pools defined for commercial and Public Safety use cases.
Proposal 3: Reuse SD-RSRP measurement defined in Rel-13 to choose the best Relay UE from the suitable candidates or verify the suitability of the chosen Relay UE.
Proposal 4: Relay discovery mechanisms defined in Rel-13 are taken as the baseline for Rel-14 relay discovery including PC-5 link quality measurements and Relay UE selection and reselection rules. Optimizations in terms of Remote UEs power consumption during relay discovery should be studied.
Proposal 5: Currently specified resource allocation and usage rules for relay related sidelink communications should be reused for Rel-14 relay framework as a baseline.
Proposal 6: As far as Control Plane is concerned RAN2 should focus on enhancements allowing for Layer 2 UE-to-network relaying.
References
[1] [bookmark: _Ref75086397]RP-161303, Revision of SI: Further Enhancements LTE Device to Device, UE to Network Relays for IoT and Wearables, Qualcomm Incorporated, Intel, Huawei, HiSilicon, LG Electronics Inc.
[2] 3GPP TS 23.303, Proximity-based services (ProSe); Stage 2
