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1. Introduction 
In RAN1#56bis, it was agreed that Type II relay should be studied and the framework is defined as follows [1]:

· Type II relay should not have a separate cell ID and thus would not 
create any new cell(s)

· The type II relay should be able to relay also to/from Release 8 UEs  

· At least a Release 8 UE should not be aware of the presence of a 
type II relay

· Transparency also for Release >8 UEs is preferred
In this paper, we discussed the reference signal issue and the UE association issue for the Type-II relay.  
2. Reference Signal for Type-II Relay 
To satisfy the requirements that type II relays should be transparent to Rel 8 UEs, the reference signal transmission from the RN should be carefully considered. The following options are discussed. 
2.1. Option 1 – RN transmits the CRS   
In this option, the RN transmits the same CRS as the eNB, i.e., both the allocated resource and the actual signal sequence. Therefore, from the UE perspective, it only observes the single composite CRS from the eNB and RN on each antenna port. This also applies to the case that the eNB and RN have different antenna configurations. For example, the eNB has 4 TX, and the RN has only two TX. On the first two TX, the composite CRS is observed from the UE side, while on the remaining two TXs, only the CRS from the eNB is observed. In this option, the RN may also transmit the same DRS as the eNB. The CRS interference to the direct-linked UEs should be carefully studied/ considered especially on the control channel in this case.   
The intermittent RN CRS transmission issue should be investigated in this case [2]. Note that the RN can not transmit and receive simultaneously on the same frequency band. MBSFN subframes are used by the eNB for relaying information to the RN (shown in Figure 1). During those MBSFN subframes, the RN will not be able to transmit the CRS during the PDSCH region of the subframe. In the control region, the RN will still transmit the CRS. Therefore, the UE will receive the composite CRS from the eNB and the RN during those non-MBSFN subframes and will receive only the CRS from the eNB during the PDSCH region of MBSFN subframes. This intermittent relay CRS transmission will lead to inaccurate channel estimation and channel quality measurement if UE performs temporal filtering across multiple subframes. 
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Figure 1. Relay MBSFN subframe

There are several possible solutions to resolve the above issue:
1) One possible solution to this problem is that the eNB signals the relay MBSFN configuration to the UEs that are associated with a particular RN via dedicated signalling. Therefore, the UEs will not estimate the channel during the PDSCH region of the relay MBSFN subframes, and there will be no problem for channel estimation with the relay transmitting CRS. The purpose of using dedicated signalling is to only inform the UEs within the coverage region of the RN while still allowing other UEs (which are within eNB-only coverage) to operate as usual during the relay MBSFN subframes. The current RRC signalling can support the MBSFN configuration signaling via the broadcast signalling, SIB-2. However, the RRC spec does not support the dedicated signalling of the MBSFN configurations (some minor spec changes are required). 
2) Another possible solution is that the eNB broadcasts the relay MBSFN configuration to all the UEs through SIB-2. All the RNs in the donor cell will use the same MBSFN configuration as advertised in SIB-2. No Rel 8 spec changes are needed but obviously the spectrum efficiency may be reduced since MBSFN sub-frames are exclusively used by the eNB to multicast data or control signalling to the RNs. The MBSFN allocation could be semi-static. 
3) A 3rd solution is that the eNB broadcasts the relay MBSFN configuration to all the UEs through SIB-2, as in solution #2 above. The eNB also sends additional signalling to Rel-10 UEs who are attached to the eNB directly, to inform these UEs the specific MBSFN subframes used for transmission to RN on the Un interface. Therefore, the spectrum efficiency reduction can be avoided for Rel 10 UEs. 
2.2. Option 2 – RN only transmits the DRS  
In this option, the RN only transmits the DRS the same as the eNB. Therefore, from the UE perspective, it only observes the single composite DRS from the eNB and RN on antenna port 5. In this option, the RN will not transmit the control channel such as the PDCCH and the UE only receives the control channel from the eNB. Only transmission mode 7 in Rel 8 and the dual layer BF in Rel 9 are supported. The RN may not be able to transmit system information, paging information, the PDCCH, and Random Access Responses (RAR) to the UEs since the transmission of such control information cannot use transmission mode 7.  

The above two options may apply in different scenarios. For example, when the Type-II relay is used to extend the eNB coverage, the option 1 may apply while when the Type-II relay is used to increase the data throughput within the eNB coverage, the option 2 may apply for its simplicity. 
3. Type-II Relay UE Association 
UE association with the Type-II RN is another important procedure for the Type II relay since this type of relay may not transmit its own CRS and does not have its own cell ID. The UE association should be performed between the eNB and the RN. Due to UE mobility, the association should be updated from time to time to guarantee that it is always associated with the best RN or RNs.  In some cases, the UE may be associated with multiple RNs to further improve the performances. 
3.1. Association based on the UE uplink SRS Signal
In LTE-A, the UE may continue to transmit uplink SRS for the channel quality measurement and uplink timing estimation purposes. Each UE in the donor cell has a unique SRS transmission configuration, e.g. transmission comb, SRS duration, SRS bandwidth, etc. The eNB could forward these SRS configurations to all the RNs in the donor cell. Then the RN can monitor the transmissions in the SRS “channel” and determine which UEs are close by. The DRX configuration of the UE should be forwarded to the RN as well, since the Rel 8 UEs will not transmit the SRS during the DRX off duration. So the relay node can perform the suitable measurements of the UE. 

When a UE with relatively strong SRS signal is detected, the RN should report to the eNB for the association request together with the average received SRS signal strength. When the SRS signal of an existing associated UE becomes weak as determined by a preconfigured level threshold and hysteresis, the RN should report to the eNB for the disassociation from the RN. The association/disassociation should be updated at a predefined periodicity due to the mobility feature of the UEs. The periodicity could be signalled by the eNB. Based on the corresponding measurements, the eNB can make the following types of associations: 

(1) UE is associated with the eNB only,

(2) UE is associated with the RNs, or

(3) UE is associated with the eNB and RNs.

For case 1, the RN cannot transmit to or receive from the UE any data or signalling. 

For case 2, over the air transmission is scheduled at the eNB and information is transparently relayed to the UE through RNs.

For case 3, the over the air transmission is from eNB and the RNs (coordinated multipoint transmissions). 

As depicted in Figure 2, UE0 is only associated with the eNB (i.e. case 1). UE3 and UE4 are associated with both the eNB and RNs. UE1 and UE2 are only associated with the RNs.

The UE association is updated continuously as the UE traverses across the network.
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Figure 2. UE association rules with eNB and RNs

3.2. Association based on the initial random access Signal 

During the random access procedure (initial access or PDCCH order), the RACH preamble is received by the eNB and all the close-by RNs. Based the quality of the signal received directly from the UE and the relayed RACH preamble channel quality indicator from the RN, the eNB could associate the UE to RNs. The eNB could send the PDCCH order to request the UE perform the uplink random access for the association. Note that the UE may not need to perform the full random access procedure for this purpose.  

4. Conclusions
In this paper, we discussed the reference signal transmission and the UE association aspects for the Type-II relay. On the reference signal transmission, both the CRS and the DRS options are considered and the solutions for the intermittent CRS transmission issue are suggested. On the UE association aspect, we consider the SRS-based solution and the random access based solution. 
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