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1 Introduction
Type-1 RN has the functionality of both UE (“UE operation”) and eNB (“RN operation”). During “UE operation” the RN works as an UE. After the initial access and backhaul link configuration, the RN switches to “RN operation”. In RAN2 68bis meeting, requirements for random access procedure by a RN are briefly discussed. It was argued that a random access procedure is required by a RN during its “UE operation” as well as “RN operation”. It is understood that random access by RN during “UE operation” could base on the Rel-8 random access procedure. However, random access by a RN during “RN operation” requires further study.

In this contribution, random access by a RN is further investigated and a possible solution for random access procedure by a RN during “RN operation” is presented.
2 Background
The following criteria may trigger a random access procedure in Rel-8 UE. 

1) Initial access from RRC_IDLE.
2) DL or UL data arrival during RRC_CONNECTED when UL is unsynchronised.

3) UL data arrival while no dedicated PUCCH resources available for D-SR transmission.
4) Handover.
5) The maximum number of transmission is reached for the D-SR transmission. 

6) RRC Connection re-establishment procedure.
It is assumed that there are only a small number of RNs (up to 30) that are connected to the network at a time. The RN serves a number of UEs connected to it, hence the RN experiences a large traffic volume compared to that of a normal UE.  No mobility of the RN is considered at least during the Rel.10 time frame. Also no severe power limitation problem is seen for the fixed RNs.
The RN may be in RRC_IDLE either in “UE operation” or in “RN operation”. After initial power up, initial access from RRC_IDLE is performed while RN is in “UE operation”. After a successful initial access to the DeNB, the backhaul (Un) link of the RN is configured. The initial access by the RN in “UE operation” can be based on the Rel-8 RA procedure. Other possibility is that the connection status of the RN has been changed by the network from RRC_CONNECTED to RRC_IDLE. In this situation, there may a number of UEs which are attached to the RN, hence the RN is considered to be in “RN operation”. The RN should perform initial access from RRC_IDLE to regain the connection to the network while the RN is in “RN operation”. Considering the properties of RN described above, the changed of RRC status by the network can be considered as a rare case. 

Given the properties of Type-1 RN, the RN is assumed to be kept always synchronised to the DeNB. Also it is possible to allocate PUCCH resources for D-SR by the RN. Therefore, we don’t see a need for random access by the RN based on the criteria 2 and 3 above.

The procedure to support mobility of RN including the inter-cell handover is not seen as an immediate necessity. However, it is possible for RN handover due to macro cell deployment changes. We see this as an exceptional case and a special handling is not seen as necessary. Thus, we don’t see a need to support RA procedure based on Criteria 4 above for RN at least during the Rel.10 time frame.
Random access after the maximum number of transmission is reached for the D-SR transmission, random access for RRC connection re-establishment due to radio link failure and the status of the RN to be changed to RRC_IDLE during the “RN operation” can be considered as rare cases. However, there should be appropriate mechanisms in place to resume the RN operation in case if these occurred. 
3 Discussion
There are two possibilities for RN to regain RN operation after the reach of maximum D-SR transmission and/or radio link failure. One is to allow the RN to move to RRC_IDLE. The RN regains RN operation by performing initial access from RRC_IDLE. Other method is to follow the Rel.8 procedures: RA procedure after reaching maximum D-SR and RRC connection re-establishment procedure after the radio link failure. Compared to the regaining RN operation via RRC_IDLE, the Rel-8 procedures provide fast solution. Both solutions require the RN to perform RA procedure.

Due to the requirement to suppress self-interference, the RN cannot transmit to UEs on Uu interface while it is receiving data on Un interface. Like vice, the RN cannot transmit data to the DeNB on Un interface while it is receiving data from UEs on Uu interface. While the RN is in “RN operation”, some resources in time-frequency space are set aside for communication on the backhaul link (Un). These resources are not used for the access link, Uu, on the respective RN. Un and Uu links are time division multiplexed in a single frequency band (ie. Only one is active at any time).

Rel-8 RA procedure starts with transmission of a selected preamble on PRACH resource and ends with successful contention resolution. The selected preamble is transmitted on PRACH resource which is indicated in SIB2. RA response message (Message 2) is transmitted to the UE within a flexible time window configured by the eNB. Message 3 is transmitted on the granted UL resources communicated via RAR. Message 4 is transmitted on DL-SCH. Even though, the time of preamble transmission is fixed by the location of PRACH, the UE should expect reception of message 2 and 4 in any PDCCH subframes and transmission of message 3 in any UL subframes as granted by the eNB. 

If the Rel-8 RA procedure is followed by a RN, the RN has no prior knowledge of subframes for transmission/reception of message 2, 3 and 4. Therefore, to avoid self-interference, the RN should stop any Uu communication or let the Uu communication to time out prior to RA procedure. In order to resume the communication by UEs, Uu communication should be re-configured after the successful RA procedure to the DeNB. This causes additional interruption to the end user communication. 

On the other hand, if the Uu communication continues during the RN RA procedure, the RN could store the user data and transmit the stored data immediately upon the completion of the RA procedure. The continuation of Uu communication also results in simplifying the RN operation.
It is possible to avoid self-interference during RA procedure by directing all RA messages to the configured Un resources of the RN.  The UEs connected to the RN can continue Uu communication while the RN is performing RA procedure on Un interface. As configured Un and Uu resources are time multiplexed no self-interference is seen by the RN. 

It has been agreed that a subset of MBSFN subframes is configured as Un DL subframes. It is assumed that HARQ timing as in Rel-8 is applicable to Un interface. HARQ feedback is synchronous in Rel-8 and HARQ feedback is sent in subframe n+4 where the corresponding data is received in nth subframe. This relationship defines Un UL subframes that are corresponding to the configured Un DL subframes. 
To avoid self-interference during the RA procedure by the RN, all RA messages are directed to the configured Un resources of the RN or group of RNs. For the correct resource scheduling, the DeNB should identify the RN or group of RNs accessing on RA resources. This is simply allowed by allocating pre-assigned RACH resources (a preamble +PRACH-Mask Index) to be used by the RN or group of RNs for RA procedure. The pre-assigned RACH resources can be signalled to the RN after the initial access from RRC_IDLE or can be configured via OAM. 
The pre-assigned RACH resources can also be used for access control and priority handling for RN access as discussed in [1]. The RN access can be prioritised over normal user access based on pre-assigned RACH resources. This is especially necessary for access prioritisation in a scenario where use of RN operation after a natural disaster like earthquake. 
The RA procedure by a RN during “RN operation” is depicted in Figure 1.
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Figure 1: The proposed RA procedure by RN in RN operation
Random Access Response message is sent on MBSFN subframe using RA-RNTI on PDCCH. RA-RNTI is the identity corresponding to the PRACH which the preamble is transmitted. As the Rel-8 UEs are not expected to receive data on MBSFN subframes, no impact on the Rel-8 UEs is identified. This scheme allows for re-use of Rel-8 RA procedure.  Note that Rel-8 UEs are allowed to receive data on the control region (first 1-2 symbols) of a MBSFN subframe. If the RN is expecting a RAR message in a MBSFN subframe, any transmission to a UE on Uu interface on the control region of MBSFN subframes should be stopped to avoid any possible self-interference. Alternative to above is to transmit the RAR message on Un DL resources of the corresponding RN or group of RNs.
4 Conclusion and proposal
We analysed the requirements for a random access by a RN during “UE operation” as well as “RN operation”. There is no issue is identified for RN in “UE operation” which follows the Rel-8 RA procedure for random access. The possible self-interface due to simultaneous transmission on Uu and Un interfaces should be considered in case of random access by a RN during “RN operation”. The self-interference during RA procedure can be avoided by directing RA messages on the configured Un resources. In order to do so, the DeNB should be able to distinguish access by an RN from normal UE access. It is shown that pre-assigned RACH resources can be used to identify RN access from normal UE access. The same can be used for access control and prioritisation of RN access [1] where the RN access prioritisation is especially important in use of RNs after a natural disaster such as earthquake. The RN can either be informed of pre-assigned RACH resources via OAM or via signalling (SIB signalling or dedicated signalling).  
It is proposed that RAN 2 considers the following proposals:
Proposal#1: During “UE operation”, Random Access by RN should be based on Rel-8 RA procedure.
Proposal#2: During “RN operation”, Random Access by RN can be based on pre-assigned RACH resources. The RA messages (RAR and message 3 of RA procedure) can be directed on the configured Un resources to avoid possible self-interference at the RN. 
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