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1. Introduction

This contribution investigates the options for UE Uu multiplexing over the Un radio interface between the relay and the eNB.  For the 4 alternatives [1] previously described, the multiplexing of different radio bearers for 3 UEs is described.
2. Relay Architecture
Figure 1 shows the assumed radio architecture where three UEs are connected by the Uu interface to a relay which is connected by the Un interface to an eNB.
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Figure 1 Assumed Relay Architecture
3. UE Multiplexing Options

There are 4 alternative options [1] for the multiplexing of the Uu streams on the Un interface:
1. One to One Mapping. In this case there is one RB for every RB for every UE. RRC Semi static configuration can be used to identify the RBs. For the UL-SCH there are only 25 possible LCIds to identify the logical channels, whilst in the DL there are 28 possible LCIDs to identify RBs. When many UEs are connected to a relay with potentially several RBs each then it is likely that the number of bits used for LCID will have to be increased. For example, to serve as many UEs as can be identified by the 16 bit CRNTI then the increase in the LCID field will be about 16 bits. This increase in LCID will be required for every MAC subheader. 
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Figure 2 One to One Mapping
In this case the extra multiplexing overhead is:

(total number of multiplexed RBs)*(Extra LCID field length)
2. All to One Mapping. In this case all radio bearers are mapped to one RB (using one LCID value, in the Un interface. Here the Un MAC header has been modified so that for each multiplexed RB from each UE there is an identification of the UE (CRNTI is used in this example) and the RB identity. 
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Figure 3 All to One Mapping
In this case the extra multiplexing overhead is:

(total number of multiplexed RBs)*(CRNTI+RB Identity)
3. Per UE mapping. In this case all the RBs from a UE are mapped onto one RB in the Un radio interface. For this mapping it not necessary to identify the UE in the Un, as this information in the Un MAC header by the LCID. However, identification by the LCID of the UE ID would restrict the number of UEs that could be served by the relay as there are only 28/25 values available for LCID in LTE Rel-8. 
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Figure 4 Per UE Mapping
In this case the extra multiplexing overhead is:

(total number of multiplexed RBs)*(RB Identity) + (total number of UEs)*(increase in LCID)

4. Per QoS mapping. In this case all the same priority RBs from several US are combined together and identified in the MAC header with an indication of UE identity (CRNTI). For this multiplexing there is no additional overhead to identify the RBs from each UE as this is already given in the MAC Un header.
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Figure 5 Per QoS Mapping
In this case the extra multiplexing overhead is:

(total number of multiplexed RBs)*(CRNTI)
4. Conclusions
For different options to multiplex UE radio bearers over the Un interface, the additional overhead will be as follows:
1. One to One Mapping: 
(total number of multiplexed RBs)*(Extra LCID field length)
2. All to One Mapping: 
(total number of multiplexed RBs)*(CRNTI+RB Identity)
3. Per UE Mapping: 
(total number of multiplexed RBs)*(RB Identity) + (total number of UEs)*(increase in LCID)
4. Per QoS Mapping: 
(total number of multiplexed RBs)*(CRNTI)
From this analysis, options 1 and 4 would have the lowest overhead if the increase in the LCID field for option 1 was the same as supporting the number of UEs that is possible by using the CRNTI in option 4. 

The advantage of options 1 (One to One Mapping) and 4 (Per QoS mapping) is that high priority traffic (e.g. signalling) can be prioritised over the Un interface, which may suffer short term variations in available bandwidth.
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