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1. Introduction
In RAN2#70, the random access (RA) procedure over Un in connected mode was discussed [1]. There were no agreements on the topic and this contribution is an attempt to take the discussion forward. 
Further, in RAN2#70, the procedure for handling RLF on Un was discussed. The outcome was that in order to recover from RLF on Un, the RN falls back to UE mode and performs normal contention based RA. Hence, re-establishment following RLF is not a scenario related to the RA procedure on Un. However, there are some aspects that still need to be clarified related to the RA procedure on Un and the purpose of this contribution is to gather and discuss these aspects.

First, it should be clear that for RNs that do not use time multiplexing to separate the Un and Uu resources, the RA procedure on Un can reuse the functionality of Rel. 8/9, i.e. no further specification of the behaviour is needed. The rest of this contribution is hence only related to the RA procedure for RNs where resource partitioning between the Un and Uu interfaces is applied. The aim is to reuse as much as possible of existing Rel-8/9 procedures and avoiding specification of unnecessary additional functionality.

This paper describes how the RA procedure, both contention based and with dedicated preambles, could work for RNs requiring resource partitioning between Un and Uu interfaces. Use cases applicable for the different types of RACH accesses are brought up and discussed and the final section summarizes the conclusions and proposals.
2. Random Access – contention based
Functionality

When an RN performs contention-based RA, there is an issue with the fact that the DeNB cannot distinguish the RN from a regular UE. Hence, the DeNB may not address the RN in a way certain to be received by the RN. One example is that the RN only decodes a potential R-PDCCH, hence any attempt to reach the RN on the PDCCH will be unsuccessful.  In this case we find it appropriate that the RN is responsible for monitoring the PDCCH for the RA response. During the RA response window, which is configurable and between 2 and 10 ms long, the RN may not be able to serve the UEs connected to the RN nor to transmit all broadcast symbols (e.g. cell-specific RS). However, during such a short period of time and because of the averaging of measurements performed in UEs, the UEs in the RN cell will not suffer noticeably and the experience will be similar to a fading dip. We believe that the mobility measurements will be slightly skewed but not that the number of triggered handovers will change noticeably. No RLF triggering is expected due to the short interruption, and for additional control of RLF, RLF-related timers can be set to appropriate values.

Use cases
The RN can use a contention-based RA to request UL resources if no SR resource is assigned to the RN. Likely, this is not a typical configuration, since it seems obvious that the RN would benefit from a SR resource allocation for this purpose.
Another potential use case is to use contention-based RA upon D-SR failure. Although the Un link is expected to be a reliable link from a radio propagation perspective, there is still a risk that the maximum number of D-SR is reached. In RAN2#70 (see [1]), this was briefly discussed without reaching any conclusion, but contention based RACH was listed as one of three candidate alternatives.

Further, the contention based RA procedure could also be a fallback in case the RA with dedicated preamble for some reason is not possible, e.g. if all the dedicated preambles are occupied.

Our conclusion is that even though the use cases for a contention based RA are not that important, there are no strong reasons not to allow a contention-based RA procedure. The system, or more specifically the DeNB, can prevent the RN from triggering contention based RA attempts but it is still a useful fallback mechanism.
Proposal 1: Support RA procedure with random preambles for RNs. Further, if an RN transmits a random preamble on the RACH, it is the responsibility of the RN to listen to and decode the RA response on the regular PDCCH irrespective of possible subframe resource partitioning.
3. Random Access – dedicated preambles
Functionality
When the RN uses a dedicated preamble on the RACH, the DeNB can distinguish the RN identity from regular UEs. This implies that the DeNB can reach the RN on the correct resources (e.g. on a potential R-PDCCH and/or during a subframe configured for Un downlink). Hence, the RN is not required to decode PDCCH to receive the RA response. 

Use cases
One important use case for performing RA with dedicated preambles is to support smooth intracell handover for RNs requiring a resource partitioning between Un and Uu. In [2], an issue was highlighted related to relays, namely that there is a risk of potential wraparound of the counter COUNT used for ciphering and integrity protection in PDCP. In Rel-8, it is the responsibility of the eNB to make sure that this counter does not wrap around during the life time of the KeNB. A simple way to prevent this wrap around is to trigger a handover since KeNB will be refreshed in the eNB and UE at every handover. It was proposed in [2] that intracell handover should be used also for RNs to make it possible for the DeNB to refresh the KeNB. This was deemed a good option, if the RACH procedure required in the handover procedure could be solved for RNs [1]. With a dedicated preamble provided for the RA procedure in the intracell handover (reusing Rel-8/9 functionality), the intracell handover could be done in a very smooth way without interruption in the RN cell. 

Another use case for dedicated preambles is that the DeNB can use PDCCH orders to initiate a RA procedure with a dedicated preamble from the RN. This could be useful to keep the UL time alignment of the RN. Alternatives to this could be that the DeNB makes sure that the RN is kept time aligned in the UL, e.g. by scheduling the RN in the UL at certain intervals
Our conclusion is that the use cases motivate supporting a RA procedure with a dedicated preamble, and we do not see any issues with RNs supporting a RA procedure with a dedicated preamble.

Proposal 2: Support RA procedure with dedicated preambles for RNs. Further, if an RN transmits a dedicated preamble on the RACH, it can rely on that the RA response can be found on a resource that is received by the RN given its current configuration (e.g. during a Un subframe and/or on the R-PDCCH). 

Hence, the RN does not need to decode the regular PDCCH to receive the RA response, nor listen to non-Un subframes.
4. Conclusions and Proposals
This contribution discusses the RA procedure on Un, for RNs that use resource partitioning between the Un and Uu interfaces. For RNs without the need of this resource partitioning, the RA procedure from Rel 8/9 can be reused without any changes. 
Further, we have not seen strong reasons not to allow the use of RA for RNs. Hence, the focus has been to go through the procedures and see if something is needed to enable smooth RA also for RNs configured with a subframe partitioning. 
Proposal 1: Support RA procedure with random preambles for RNs. Further, if an RN transmits a random preamble on the RACH, it is the responsibility of the RN to listen to and decode the RA response on the regular PDCCH irrespective of possible subframe partitioning.
Proposal 2: Support RA procedure with dedicated preambles for RNs. Further, if an RN transmits a dedicated preamble on the RACH, it can rely on that the RA response can be found on a resource that is received by the RN given its current configuration (e.g. during a Un subframe and/or on the R-PDCCH).
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