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1
Introduction

After RAN#71 in March 2016, a new WI was approved [1], which aims at further LTE mobility enhancements to minimize data transmission interruptions when a UE moves from one cell to another. One of the solutions for the mobility enhancements is so-called RACH-less approach (captured in TR 36.881 [2]) minimizes data transmission gaps and handover latencies by means of eliminating the whole RACH procedure.
With regards to the RACH-less solution, during the RAN2#94 meeting several functional aspects of this solution were considered. In particular, RAN WG2 has discussed and agreed that the UL grant can be allocated either by the RRC signalling or through the PDCCH channel in target eNB. However, regardless of the how a UE receives information on the UL grant, there should be a criterion for stopping the T304 timer, expiry of which means that the handover procedure has failed. During the RAN2#95bis meeting, companies discussed [3-7] but have not agreed when the T304 timer should be stopped; furthermore, it seems that opinions also varied during the email discussion 95bis#21. After the RAN2#96 meeting, RAN2 made a preliminary agreement that the T304 timer can be stopped upon reception of PDCCH with the UE C-RNTI. However, this approach does not cover all the use cases and scenarios.
In this discussion paper we present our view on how it is possible to construct triggering conditions for the MAC layer to cover all the major scenarios and use cases by re-using existing functional blocks and principles.
2
T304 timer with the RACH-less handover
2.1
Interaction between the RRC and MAC layers

In case of the legacy handover procedure, once the UE receives the RRC re-configuration message that includes the MobilityControlInfo IE, a UE immediately starts the T304 timer (TS 36.331 sub-clause 5.3.5.4), which effectively governs how long the handover procedure can last. If this timer expires before successful completion of the handover procedure, then it indicates handover failure and a UE takes actions as defined in sub-clause 5.3.5.6 of TS 36.331. It was already discussed and agreed by RAN WG2 that it is necessary to keep the T304 timer even for the RACH-less handover procedure as there could be various error cases, recovery from which would anyway need a presence of mechanism similar to the T304 timer. However, as mentioned in the Introduction part, RAN WG2 did not finalize the discussion on when this timer can/should be stopped.
According to TS 36.331 sub-clause 5.3.5.4, the T304 timer is stopped when "MAC successfully completes the random access procedure". In other words, the T304 timer is running at the RRC layer and is stopped upon reception of the corresponding indication from the MAC layer. For the RACH-less handover, even though there is no contention resolution process in case of the RACH-less handover, it is somewhat transparent to the upper RRC layer and as it acts upon an indication from the MAC layer. The later version of the stage3 running CRs for the RRC and MAC already follow the same principle, according to which MAC layer will send an indication "xxx" to RRC, and the latter will stop the T304 timer as if it were an indication for the successful contention resolution.
Observation 1a: From the viewpoint of interaction between the RRC and MAC layer, the RRC layer receives indication from MAC even when the RACH-less handover is configured following the same principle as in the legacy procedure. 

Observation 1b: Conditions for triggering that indication from MAC to RRC should be encapsulated within the MAC specification.

2.2 Conditions to trigger the MAC indication to RRC
At the moment, all conditions and criteria for the successful completion of the contention resolution process are captured in TS 36.321, sub-clause 5.1.5. In other words, this sub-clause defines conditions when the MAC layer sends the corresponding indication to RRC. Referring to that sub-clause, there are several major cases:

1.
A UE does not have C-RNTI. The most typical situation is when a UE moves from IDLE and CONNECTED, and as a first step it needs to get a valid C-RNTI. The criteria for the successful completion of the contention resolution comprise two parts: a) a UE receives PDCCH addressed to its temporary C-RNTI, and b) the UE receives contention resolution identity MAC CE with a copy of MSG3.
2.
A UE has C-RNTI. There are several use cases for this scenario, one of which is actually the legacy handover. When a UE enters the target cell, it already has a valid C-RNTI assigned by the target eNB, so a UE just piggy-backs the assigned C-RNTI value to the MAC PDU conveying MSG3, i.e. RRC Reconfiguration Complete. The UE MAC layer considers the contention resolution as successful when when the following conditions are met: a) the UE receives PDCCH addressed to its C-RNTI (which was piggy-backed to MSG3), and b) the UE receives the UL grant. The second condition serves multiple purposes, one of which is to allow the network to send proactively some data, transmission of which on the UE C-RNTI should not be confused with the contention resolution process.
The RACH-less handover is conceptually very similar to the legacy handover with the only difference is how a UE obtains information for the initial UL grant (either from RRC or PDCCH). Nevertheless, the UE MAC layer still needs some criteria to generate the indication to RRC saying that a UE has successfully entered the target cell. The most straightforward solution would be to adopt exactly the same condition as for the legacy handover, i.e. reception of PDCCH with C-RNTI and UL grant, but it logically conflicts with the fact that the network can use UE’s C-RNTI and PDCCH to announce the initial UL grant. In other words, there is no way for UE to differentiate between the initial UL grant and the UL grant allocated in response to the reception of MSG3 (unless we put a requirement  on the network side that it has to ensure that these grants must be different). 
One potential approach for this problem is to introduce a slightly modified set of conditions that may look as follows: a) the UE receives PDCCH addressed to its C-RNTI, and b) the UE receives contention resolution identity MAC CE with a copy of MSG3. Since a UE will anyway send MSG3, the network can echo it back to the UE which will allow the UE to understand that the network has successfully received the UE message. Of course, we can introduce a new MAC control element just for this particular purpose, but for our understanding it is easier to reuse an existing functionality.

Proposal 1: For the RACH-less handover, MAC sends an indication to RRC when the following conditions are met: a) the UE receives PDCCH addressed to its C-RNTI, and b) the UE receives contention resolution identity MAC CE with a copy of MSG3. 

Figure 1 below presents overview of UE actions and conditions for different cases.
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Figure 1: Overview of actions and conditions for different contention resolution cases.
2.3 Other considerations

As a related question, RAN2 should discuss and decide whether a UE needs to piggy-back its C-RNTI while sending MSG3 over the initial UL grant. In the legacy handover, it is absolutely needed because the network needs to identify the UE. In the RACH-less handover, a particular UL grant is pre-allocated to a particular UE with a particular C-RNTI, so in principle it can be avoided. Nevertheless, for the sake of robustness we still think that it is beneficial for the UE to send its C-RNTI to avoid and handle correctly error cases when the network unintentionally allocates same grant to different UEs and/or when the UE uses a wrong UL grant.
Proposal 2: For the RACH-less handover, a UE appends its C-RNTI to MSG3 as in the legacy handover.
3 Conclusion
In this discussion paper we have presented the full picture for the RRC and MAC layer interactions, including a set of conditions for the MAC layer to send indication to RRC. As a summary of our paper, we suggest:
Proposal 1: For the RACH-less handover, MAC sends an indication to RRC when the following conditions are met: a) the UE receives PDCCH addressed to its C-RNTI, and b) the UE receives contention resolution identity MAC CE with a copy of MSG3.
Proposal 2: For the RACH-less handover, a UE appends its C-RNTI to MSG3 as in the legacy handover.
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