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1. Introduction
Random access procedure has been discussed many times , but not concluded yet. In this contribution we present our understanding of the random access procedures.

2. Discussion
2.1.  Possible random access procedures
Random access procedure could be synchronized or non-synchronized. And it really relate to UE’s RRC state. Table 1 depicts these possible cases:
	RRC state
	None synch access
	Synch access 
	CP
	UP

	IDLE
	Y
	　-
	Y
	　-

	DETACHED
	Y
	　-
	Y
	　-

	ACTIVE
	TX/RX
	　-
	Y
	Y
	Y

	
	DTX/DRX
	　-
	Y
	Y
	Y

	
	Loss synch
	Y
	　-
	Y
	Y

	
	HANDOVER
	Y 
	　-
	Y
	　-


Table 1
It is of no doubt that UE shall use a non-synchronized random access when its RRC state is IDLE or DETACHED. 
UE in ACTIVE state may lose uplink synchronization in passive or active way. And if inter eNBs handover happens non-synchronized random access is also needed to get uplink synchronization and send handover complete message. Compared with UE in IDLE or DETACHED state, these UEs have been authorized and had context at the MAC layer.
In TX/RX case UE will keep uplink synchroniztion with eNB based on some sort of TA refreshing mechanism by using in band or out band signalling. It may need synchronized random access procedure to get scheduled uplink radio resource if schedule request can not be piggybacked in time e.g. during the phase when UE has no data to send or receive but DTX/DRX has not began yet.
In DRX/DTX case UE can also be kept synchronized with eNB. In section 4.1 of [1] one possible way to maintain uplink synchronization is provided. In order to maintian uplink synchronization delta TA between adjustment occasion must be less than minimum uplink CP i.e. 3.65(s. if UE moves at 200km/h, the max adjustment period could be 9.8s (3.65/6.7*1000/200*3.6). If UE moves slower the max period could be longer. Since UE has no scheduled uplink radio resource when TX occasion reachs, synchronized random access is needed.
2.2. non-synchronized random access procedure
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Figure 1  from IDLE/DETACHED to ACTIVE state
Two steps is needed for the non-synchronized random access procedure from IDLE or DETACHED state to ACTIVE state.
Step 1 is used to obtain uplink synchronization , identify UE at MAC layer as well as to assign uplink radio resource. UE first send an access preamble whose access type is “random”. That means UE has not been identified in cell level. So eNB will assign a MAC ID instead of C-RNTI for the UE in MAC layer. C-RNTI is not used because it is allocated in RRC layer while step 1 is a procedure happens between MAC entity. And even C-RNTI is fetched by the MAC entity from RRC layer for scheduling purpose it still can not be used for multicast service e.g. MBMS. UL access grant message will also carry TA(timing advance) , uplink radio resource and echoed random ID.
Step 2 is used to send L3 signalling and resolve the possible contention remained after step 1. contention could happen if different UE send same access preamble at same time. in order to distinguisher itself from others UE will send a L3 signalling message containing a NAS ID which will be echoed by the eNB. Because only one L3 signalling will be decoded sucessfully, contention will be resolved completely after step2. by the way eNB will allocate a C-RNTI at RRC layer which will be carried in the L3 signalling to UE. MAC ID will be used both in uplink and downlink MAC head on shared channel.
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Figure 2  to resume uplink synchronization in ACTIVE state
Two steps also needed for the UE to resume uplink synchronization in ACTIVE state. Step 1 is the same as in figure1. in step2 C-RNTI instead of NAS ID is used to resolve possible contention. 
Though a MAC ID is allocated before, in step1 a random ID instead of a MAC ID is used . This is because a cell specific MAC ID is too long to fit into the random access which may have a message payload of 4~8bits. Since a random ID can not be used to identify a UE at MAC layer and the access type is also “random”, a new MAC ID will be allocated. The legacy MAC ID allocated before will be not valid any more after losing synchronization.
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Figure 3  handover access procedure
When inter-eNB handover happens UE will receive handover command message from source eNB including C-RNTI , HO_REF and MAC ID which are allocated by target eNB. HO_REF is used for identifying a UE during inter-eNB handover temporarily. Generally speaking, compared with the communicating UEs , the number of UEs which are getting access to the same cell at same time is much smaller [3]. HO_REF has such s short length that it can be included in an access preamble. 
In step 1 immediately after receiving handover command message UE sends an access preamble whose access type is “handover”. HO_REF is also included in the access preamble which helps identify the UE. After identifying UE target eNB sends handover access grant message inluding TA and uplink radio resource. Because MAC ID is known already by UE and eNB, this message is sent on downlink share channel. and then UE response handover complete message. By using HO_REF only 1 step is needed to resolve the contention. So handover interruption time is reduced greatly. and because downlink shared channel instead of a common physical grant channel is used to bear the handover access grant message it is more reliable for the UE to receive the message because retransmission mechanism in physical layer i.e. HARQ could be used. radio resource is also saved because a shared channel is more efficiency than a common physical grant channel.
2.3. synchronized random access procedure
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Figure4 synchronized random access
MAC ID will be kept when UE keep uplink synchronization with eNB. So in synchronized random access procedure MAC ID could be used in access preamble to identify UE at MAC layer. eNB will send L2 scheduling grant on downlin shared channel by setting MAC ID in MAC head.
3. conclusion

In this contribution all possible random access procedures are analysed. And following viewpoints are proposed:

1. 2 step is needed for non-synchronized random procedure to resolve contention except for handover access procedure which need only 1 step by using HO_REF within access preamble
2. 1 step is needed for synchronized random procedure to resolve contention
3. MAC ID is allocated by MAC layer and used for scheduling purpose and identifying UE at MAC layer. it will be kept by UE and eNB only if uplink synchronization is maintained.
4. C-RNTI is allocated by RRC and used for identify UE at RRC layer.
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