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1. Introduction
At RAN1 #56, type-1 relaying functionality was agreed to be included as one of the technology components of LTE-Advanced. According to [1], a type-I relay node creates new cells, separate from the cells of the donor-eNB, and will, at least to a release-8 UE, appear as an eNB. 

Subsequent discussions within RAN2 have concluded that, for a type-I relay node, all AS control- and user-plane protocols on the Uu (RN(UE) interface are terminated at the relay node
. Based on this, a type-1 relay node is, in essence, an eNB being wirelessly backhauled by means of the LTE-Advanced radio-access technology within the IMT spectrum and the inclusion of type-1 relaying functionality can thus be seen as introducing support for self-backhauling in LTE-Advanced. This is well inline with the LTE-Advanced requirements “E-UTRA and E-UTRAN should allow for backhauling using LTE spectrum” [2].

At RAN1 #56bis, a framework for a type-II relay node, to be considered as a complement to type-I relaying, was defined [3]. The intention of defining this framework was to narrow-down the scope of type-II-relaying discussions. Such discussions and corresponding studies should, among other things, aim at assessing the potential approaches to and benefits of type-II relaying. 

According to [3], the defining high-level characteristics of a type-II relay node are as follows:

· A type-II relay should not create any new cells

· A type-II relay should be accessible by release-8 UEs (i.e. be backwards compatibility)

· A type-II relay should be invisible to a release-8 UE (i.e. be”transparent”) 
This paper provides some further discussions on type-II relaying functionality based on the above characteristics,. It also discusses some aspects that needs to be taken into account when assessing the benefits of type-II relaying.
2. Implications of the characteristics

2.1. Transparency

According to the frame-work definition [3], a type-II relay should be transparent to release-8 UEs. It is also stated in [3] that transparency also to beyond-release-8 UEs is preferred. We believe that such general transparency would be a highly desirable property for a possible type-II relay, a property which should only be compromised if substantial performance or other benefits can be shown.

2.2. Downlink forwarding

The fact that a type-II relay does not create any new cells implies that a type-II relay should not transmit any cell-specific reference signals (CRS) that differ from those of the donor-cell. Thus, a type-II relay should either not transmit any CRS at all or transmit the same CRS as, and time-aligned with, the donor cell. 

However, as each cell-specific reference signal defines a cell-specific antenna port, in the later case the relay node would provide a direct extension of the cell-specific antenna port(s) of the donor-cell. As a consequence, the relay node would need to forward all physical channels that are transmitted using cell-specific antenna ports within a cell, including PBCH, PDCCH, etc. Also, this forwarding must be time-aligned with the corresponding transmissions from the donor-cell. We do not see that as being possible for a decode-and-forward relay functionality. Thus, we conclude that a type-II relay should not transmit any cell-specific reference signals.
A direct consequence of this is that a type-II relay should only forward PDSCH relying on UE-specific reference signals for demodulation. It should be noted though that the use of UE-specific reference signals for PDSCH demodulation can anyway be expected to be more common for LTE release 10.

The basic principle for the type-II relaying approach outlined e.g. in [4] is that the initial PDSCH transmission is only carried out from the eNB of the donor cell. Regarding the retransmissions, two alternatives are outlined in [4]:

· Alternative #1: The PDSCH retransmission is only carried out from the relay node, with the eNB not transmitting anything within the corresponding resource (set of resource elements). In this case, the PDSCH resource can be reused by multiple relay nodes being part of the same donor cell, similar to type-I relaying. On the other hand, in this case there is no “SFN-like” soft-combining of eNB and relay transmissions at the UE.

· Alternative #2: The PDSCH retransmission is jointly carried out from the eNB and the relay node, with the possibility for “SFN-like” soft combining at the UE. However, in this case, the PDSCH resource can not be reused by multiple relay nodes, preventing any “cell-splitting”-like gain from the introduction of type-II relaying.

It is currently not clear to us which of these two alternatives would be the preferred approach.

Uplink forwarding

Similar to the downlink, it is difficult to see how it would be possible for a decode-and-forward type-II relay node to forward uplink L1/L2 control information. Thus we do not think that a type-II relay should/could forward PUCCH. 

However, L1/L2 control information may also be multiplexed onto the PUSCH, more specifically in case of simultaneous transmission in the same subframe of data (uplink shared channel) and L1/L2 control. It has been suggested in [4] that the relay node should, in such a case, only transmit resource elements (REs) onto which data is mapped, leaving the REs used for L1/L2 control empty (punctured). At the same time, uplink reference signals identical to those of the UE, should be transmitted also from the relay node. However, that would imply that the L1/L2 control signaling (received only directly from the UE) would not experience the same overall channel as the uplink reference signals (received in parallel from the UE and the relay node), providing an open question how to carry out channel-estimation for demodulation of the L1/L2 control signaling. 

Thus we see some general problems with uplink type-II relaying. One possible solution would be to simply limit type-II relaying to the downlink direction. This would also avoid other identified uplink-related open issues with type-II relaying such as how to carry out proper uplink power control.

It is also important to understand that limiting type-II relaying to only the downlink direction would not necessarily imply a severe constraint as it may very well be so that the downlink will anyway be the limiting link.

3. Assessment type-II relay

When assessing the benefits of type-II relaying it is important to have some things in mind in order to ensure that one arrives at a relevant assessment conclusion

3.1. Difference to repeater functionality

It is obvious that a transparent type-II relay, from a UE point-of-view, has many characteristics in common with a (amplify-and-forward) repeater with the main differences being

· A repeater may forward any physical channel, including BCH, PDCCH, etc. Thus, in contrast to a type-II relay, a repeater can enhance the basic system coverage (determined e.g. by BCH and PDCCH coverage), while a type-II relay would only improve the high-data rate (PDSCH) coverage.

· In contrast to a straightforward repeater, a type-II relay can carry out selective forwarding of a subset of the downlink PDSCH transmissions.

Thus, as part of the assessment of a type-II relay, it is important to include also the possible alternative use of repeaters within an LTE-Advanced radio-access network. Comparison vs. already agreed type-I relaying functionality is obviously also important.

3.2. Scheduling restrictions

The LTE downlink allows for adaptive asynchronous Hybrid-ARQ, providing the possibility for additional flexibility in the downlink scheduling. However, according to [4], this would not be possible with a type-II relay. This would in no way prevent the use of type-II relaying for the LTE-Advanced downlink, as nothing prevents from operating the downlink HARQ non-adaptive and synchronously. However, the impact from such scheduling constraints needs to be taken into account in an assessment.

4. Conclusions

It should be considered if type-II relaying as defined in the framework [3] is applicable to both downlink and uplink or mainly to the downlink direction

In case of downlink, type-II relying would imply forwarding of PDSCH based on UE-specific RS only

In terms of assessment of type-II relaying, the following should be considered:

· Comparison with outside-the-specification relaying solutions

· Impact of downlink scheduling restrictions due to the need for synchronous and/or pre-scheduled retransmissions.
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