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1
Scope

In the last RAN plenary meeting a new work item was proposed addressing the improvement for relay backhaul including MIMO [1]. Improved support for MIMO on the Un is considered as part of the more general scope for the R11 DL MIMO and UL MIMO enhancements SI’s [2]
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[3].
In this contribution, we discuss candidate areas for MIMO improvements on the Un backhaul and provide our view on this topic.

2
Background
Relays were introduced as part of Rel-10. In Rel-10, the main focus was on the functionality and the basic design rather than optimization. Consequently, it is expected that there are several areas for optimization and/or improvement to be considered for Rel-11 and beyond.

For example, one of the main promising avenues for possible improvement is to revise/update MIMO functionality for the Un Relay backhaul.
The Un backhaul channel of the relays is different than that typically expected for UEs. For example, in Rel-10, only fixed relays were considered, i.e., once a relay location is determined and it is connected to a DeNB, it will not move nor be handed over to another DeNB. Consequently, the operator may optimize the initial relay deployment by placing the relay at a location with a relatively good channel condition towards the designated DeNB in the area of interest. This process is referred to as the relay site planning [5]. Due to this relay site planning the probability of LOS channel conditions for the relay backhaul is considerably higher than that of the regular UEs (obviously, the relay site planning is not applicable to mobile scenarios which may be considered in Rel-11 and beyond).
Another important difference between relays and UEs is that one of the antenna configuration options for the relay backhaul is to use directional antennas directed towards the DeNB. Moreover, the RF components used for relays are less restricted in terms of cost, form factor and power consumption, compared to those used for UEs. These factors as well as the relay site planning for fixed relays, make the relay backhaul channel to be statistically more reliable than the channel of a typical UE. However, the channel diversity of the relay backhaul is lower than that of a UE, due to the higher probability of LOS.

Considering the above discussion, it is observed that the channel condition of the relay backhaul is considerably different than that of the UEs. However, the MIMO techniques within the Rel-10 framework were mainly designed for a typical UE mobility pattern and channel condition. Therefore, such techniques may be further optimized and modified for the relay backhaul in order to achieve a better performance and/or throughput for relays, and the UEs they serve.

4
Discussion
Un Data Channel Enhancements
As discussed earlier, the relay backhaul channel is statistically better than that of the UEs, e.g., it has a higher SINR. Generally speaking, one of the most viable methods to take advantage of such high SINR and good channel condition is to use SU-MIMO multiplexing gain which improves the overall throughput of the relay and increases the spectral efficiency of the relay backhaul channel. However, the application of SU-MIMO multiplexing gain is limited for the fixed relays; this is mainly due to the high probability of LOS for backhaul relay which in turn, results in low channel diversity between different antennas of the same relay (i.e., high correlation). Another option to benefit from such strong channel condition is to apply MU-MIMO for data channel. This is possible due to the fact that the relays are located at different locations and consequently, their backhaul channels are not correlated. In order to use MU-MIMO between relays (or relays and mUEs), different aspects of MU-MIMO should be investigated for the special case of the relay backhaul channel.
Proposal 1: Study the use of MU-MIMO for data channels between relays or relays and mUEs.
Un Control Channel Enhancements
For Relay Type 1, the control channel shares the physical resources with the data channel. As a result, optimizing and reducing the resource allocation for the control channel results in providing more resources for data channel which eventually increases the system throughput and/or the capacity. Moreover, a DMRS-based control channel was introduced for Relay Type-1 within the Rel-10 framework. Such DMRS-based approach can be further used to enhance the Relay control channel for both MU-MIMO and SU-MIMO as briefly explained in the following;

Within the Rel-10 framework, MU-MIMO is only used for data channels since the use of MU-MIMO effectively reduces the SINR and consequently the coverage. However, due to the good channel condition of the relay backhaul, there might be an extra SINR margin for the use of MU-MIMO for control channel which consequently reduces the resources occupied by the control channel. Another possibility, however less probable, is to use MU-MIMO between the relay control channel and mUEs data channel. In order to use MU-MIMO between relays (or relays and mUEs) different aspects of DMRS-based relay control channel with respect to MU-MIMO should be investigated.

Proposal 2: Study the use of MU-MIMO for control channels between relays or relays and mUEs data channel.

In Rel-10, there is only one transmission layer for the DMRS-based relay control channel. The strong relay backhaul channel condition may be used to transmit more than one layer on the control channel. The use of such SU-MIMO multiplexing gain can decrease the resources allocated to the relay control channel and improve the spectral efficiency. In order to use SU-MIMO for relay control channel, different aspect of the DMRS-based relay control channel with respect to SU-MIMO should be investigated.

Proposal 3: Study the use of SU-MIMO for relay control channel.
5
Conclusion

In this contribution, different aspects of the application of the MIMO for relay backhaul channel were briefly discussed and possible MIMO improvements in that context of the backhaul relay were considered.

In summary, we recommend the following priorities to be given for Un backhaul improvements, with highest priority given to the first and lower priority given to the last proposal:

Proposal 1: Study the use of MU-MIMO for data channels between relays or relays and mUEs.

Proposal 2: Study the use of MU-MIMO for control channels between relays-relay and mUEs data channels.

Proposal 3: Study the use of SU-MIMO for relay control channel.
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