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1 Introduction

With the beginning of the FeD2D study item technical work from RAN#72 [1], it needs to understand what coverage scenarios are supported.  This document looks at some coverage scenarios, and what procedures could be supported for each case.
2 Discussion
2.1 Scenario identification and nomenclature
Scenarios are shown in Figure 1.  The “box” object is the wearable device.  Below, “connected” to a relay means that the short range link e.g. PC5 has been established between the WD and relay UE.  And permission for the relaying service is already granted, configured etc. so that data can be sent back and forth between WD and relay UE.  In all cases, “in coverage” could include extended coverage as indicated in [1].
For this discussion, we assume the WD was already attached to the core network, i.e. we aren’t considering in this document the procedure for initial attach “through the relay”.  This is an important issue and can be discussed elsewhere e.g. [2], the coverage analysis for this document is related only to after the attach.  And we don’t consider here the different cases for public safety and commercial UEs, because if a UE is allowed by the network to operate OOC, the technical analysis is the same for PS and commercial.
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Figure 1  Coverage scenarios
Note that scenario 1 could mean that the connection to the relay was established while in coverage (scenario 3) or while out of coverage (scenario 2).  Once the connection is there, it doesn’t appear to matter how or when it was established.  Scenario 4 has no coverage issues, but we include it for completeness in relation to identifying the supported procedures.
The figure doesn’t address the question of whether the relay UE is idle or connected.    Similarly, it has to be considered whether a WD in idle mode would ever be paired with a relay UE.  This is a complex question and can be discussed separately.

Proposal 1: To capture the coverage scenarios of Figure 1 in the study item TR.

For each scenario above, we need to understand what functions would be supported.
2.2 Connection establishment (between WD and relay)
In scenario 2, the WD might be able to establish a connection to the relay on its own initiative.  Different ways to do this could be imagined, but there is no fundamental obstacle.  For a WD that has already attached to the core network, it should know its service constraints and profile, so it knows if it is allowed or not to radiate when out of coverage.

Of course the same WD initiated connection to the relay UE can be supported in scenario 3, we assume this is not an issue.

On the other hand, in scenario 2, if the network wants to trigger a connection establishment between the WD and relay UE, it is very difficult to see how this could be achieved without some prior information in the network.  The MME would have to first page all relay UEs in its coverage, then instruct them to transmit some special version of discovery signaling that would compel the WD to pair with whatever relay it saw.  This is obviously wasteful towards the relay UEs, but unavoidable since the eNB does not have prior knowledge of which relays might be physically close to the WD.  (In fact it has no idea if the WD is still nearby or not, so it seems very likely that these high-intensity pages would often be wasted effort.)  Further, it would mean that OOC WDs had to search perpetually for these “discovery paging” signals.

However, if the network has knowledge of specific WD/UE pairs, it should be possible to exploit this knowledge for network-initiated pairing, e.g. by contacting a specific relay UE that is expected to relay the WD’s traffic.  As a natural example, the network could contact the user’s own smartphone instead of sending Uu paging for the same user’s watch.  This case could be studied separately, using signaling within the UE’s serving eNB rather than core network paging.
During offline discussion in RAN#72, two criteria were suggested:

1. In scenario 2, we only support WD-initiated connection establishment.  (I.e., there is no way for the network to initiate a connection between the OOC WD and the relay UE in this scenario.)

2. In scenario 2, we don’t support any connection establishment.  (I.e., to establish connection with the relay, the WD has to start in coverage.)
The stronger restriction of criterion 2 could be unacceptable for some cases where OOC is needed, e.g. for PS.  So we suggest criterion 1.  However, there could be cases where the network side has advance knowledge of which relay UE may be expected to be near a particular WD, e.g. the same user’s smartphone and smartwatch, and in this case it could make sense to page the specific relay UE to trigger a connection with the WD.
Proposal 2: In scenario 2, the WD can initiate establishing a connection to the relay UE (MO establishment).  The network can initiate establishing a connection (MT case) when it has prior knowledge about particular relay UEs that could serve the desired WD.
On the other hand in scenario 3, the figure shows the WD served directly by the eNB (it could be valid either in RRC_CONNECTED or camped in idle mode).  Here it seems natural that the WD or the NW can trigger the connection establishment.

Proposal 3: In at least scenario 3, either the WD or the network can initiate establishing a connection to the relay UE.
3 Conclusion

This document promulgates the following proposals.
Proposal 1: To capture the coverage scenarios of Figure 1 in the study item TR.

Proposal 2: In scenario 2, the WD can initiate establishing a connection to the relay UE (MO establishment).  The network can initiate establishing a connection (MT case) when it has prior knowledge about particular relay UEs that could serve the desired WD.

Proposal 3: In at least scenario 3, either the WD or the network can initiate establishing a connection to the relay UE.
A corresponding text proposal can be provided once a skeleton TR is available.
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