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1. Introduction

In this document, we discuss the control information transmitted on random access burst and the random access procedure (1-step/2-step approach). We discuss only non-synchronized random procedure. The other document [10] discusses random access burst signature design.
2. Discussion
2.1. Control information transmitted on random access burst

In the last Shanghai RAN1 meeting, it was agreed that a message payload (if any) of 4-8 bits is implicitly transmitted on non-synchronized random access burst [1] . We propose the following control information is transmitted on random access burst.
· Access type
     :  4 access types, which indicates C-RNTI request and buffer status
· Channel quality :  2 to 4 level channel quality indication
Access type

Access type indicates one of following types listed in Table 1. Table 1 also shows use cases. The procedures for each access type are illustrated in Figure 1. The four types are classified according to 
- whether or not UE requests new C-RNTI
- UE buffer status, i.e. data size to be transmitted (large, small, none). 
Access type 1 indicates UE requests C-RNTI allocation. Therefore, the network allocates C-RNTI as the response to random access burst. The UE buffer status is not explicitly reported but we assume usually large.
Access type 2, 3 and 4 are classified according to the UE buffer size. The large data size means the data size as such that immediate transmission after UL resource allocation is not always recommended especially in full load of the uplink. The small data size means the data size as such that immediate transmission after UL resource allocation is not harmful from radio efficiency perspective. None means UE itself does not have data to be transmitted at this moment. The evaluation criteria between large or small could be broadcasted in BCH. 
Table 1  Access type

	Access type
	C-RNTI request
	UE buffer status (data size to be transmitted)
	1-step/2-step approach
	Use case

	Type 1
	Yes
	Arbitrary
(but usually large)
	1 or 2-step
	Use case (1), (2) and (3)

	Type 2
	No
	Large 
	1 or 2-step
	Use case (5) but data size is large

	Type 3
	No
	Small
	1-step
	Use case (5) but data size is small
Use case (6): Handover in ACTIVE state

	Type 4
	No
	None
	1-step
	Use case (4)
Use case (5) but only downlink data
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Figure 1  Classified access types using non-synchronized random burst.
Use cases of the above access types are following. 
(1) When UE requests association to the network after power on or moved form outside range.
· State transition: 
from LTE_DETACHED to LTE_ACTIVE
· C-RNTI: 
not allocated before random access attempt
· UE transmits “RRC connection open request” message
· This L3 message would contain IMSI, UE capability information, Attach request (NAS message) and so on.
· Data size to be transmitted: a few hundred bits
(2) When UE requires the network to provide service connection
· State transition: 
from LTE_IDLE to LTE_ACTIVE
· C-RNTI: 
not allocated before random access attempt
· UE transmits “RRC connection open request” message
· This L3 message would contain IMSI or TMSI, Service request (NAS message) and so on.
· Data size to be transmitted: a few hundred bits
(3) When UE moves to a new tracking area and it accesses network to update location
· State transition: 
from LTE_IDLE to LTE_ACTIVE
· C-RNTI: 
not allocated before random access attempt
· UE transmits “Tracking Area update” message.
· Data size to be transmitted: around a hundred bits to a few hundred bits
(4) After UE is paged by network which has downlink data to be transmitted in queue.
· State transition: 
within LTE_ACTIVE (LTE_ACTEVE(DRX) to LTE_ACTIVE)
· C-RNTI: 
already allocated to UE
· UE has no data to be transmitted
· Only timing information is necessary
· Data size to be transmitted: No uplink data

Note: If the network can implicitly know the relation between C-RNTI according to the paging procedure and used random access burst sequence,  this procedure may be also possible to use in case of not to have C-RNTI.
(5) When UE, which is connected to eNodeB, has uplink data to be transmitted, but uplink is not synchronized
· State transition: 
within LTE_ACTIVE (LTE_ACTEVE(DRX) to LTE_ACTIVE)
· C-RNTI: 
already allocated to UE
· UE transmits “Resource request (buffer size, service type, etc)” message and uplink user data
· Data size to be transmitted: some tens of bits for control message, user data size depends on service.

(6) When UE moves to other cell during uplink/downlink data transmission (Handover) 
· State transition: 
within LTE_ACTIVE
· C-RNTI: 
already allocated to UE
· Both C-RNTIs of serving eNodeB and target eNodeB have been allocated
· UE transmits “Handover complete” message or “Handover revert” message
· Data size to be transmitted: some tens of bits to around hundred bits
Channel quality
Open-loop transmission power control for the non-synchronized random access burst has been agreed. eNodeB cannot estimate channel quality between eNodeB and UE only from received signal power. Therefore, to know the channel quality requires supplementary information. Without such information, link adaptation and/or transmission power control to the first DL/UL S-CH just after random access attempt is not possible. Then, the first DL/UL S-SCH consumes radio resources. To transmit with too much high power would also interfere with the neighbor cells.
From above reasons, we propose to have 1 or 2 bits channel quality information in random access burst. As channel quality information, we think path-loss level information would be suitable which would be also used for open-loop transmission power control.
Mapping to signature sequence
We propose above access type and channel quality is mapped to signature sequence one-to-one.

If it is necessary to avoid collisions and to distinguish random access attempt to the same random access time-frequency slot from different UEs simultaneously, multiple signature sequences are allocated to one access type/channel quality combination. Then UE selects one signature randomly from allocated signatures. The allocated number of signature would be adjusted by the probability of collision. If more number of transmissions is expected, more number of signatures is allocated. Note also that channel quality is not necessary always signalled in all access type. We assume this mapping table is broadcasted in BCH. Therefore, the number of sequence can be controllable based on eNodeB's receiver capability and expected random access burst usage in this cell.
Table 2 shows one of possible example in case of 8 signature sequence. Note that the number of signature sequence is discussed in [10]. 
Table 2 Signature sequence mapping example
	Access type
	Channel quality
	Sequence

	Type 1
	-
	1, 2,

	Type 2
	Good
	3, 

	
	Bad
	4,

	Type 3
	-
	5, 6, 7

	Type 4
	-
	8


2.2. 1-step/2-step approach
We propose eNodeB selects 1 or 2-step approach according to UE's transmitted access type, channel quality and the traffic load of cell. 
As discussed before, access type 3 means the data size to be transmitted is small enough in all cell traffic load and all channel condition in DL/UL S-CH. Therefore, access type 3 is always 1-step approach.
Access type 4 means no data to be transmitted in the uplink. Therefore, this is also 1-step approach.

In case of access type 1 and 2, if cell load is not high and/or channel quality is good, 1-step approach is taken by the eNodeB. This corresponds to large resource is allocated as the reply to random access burst. If cell load is high and/or channel quality is not good, 2-step approach is taken by eNodeB. This corresponds to small resource is allocated as the reply to random access burst. One example of these two cases is shown in Figure 2.
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Figure 2  Example of selection of 1 and 2-step approach 
(Access type 1: from LTE_DETACH/IDLE to LTE_ACTIVE).
3. Conclusion
We propose the followings in non-synchronized random access burst:
· Random access burst contains access types and channel quality. Access type indicates the request of C-RNTI and the data size to be transmitted. Channel quality indicates the path loss level information.
· ENodeB selects 1-step approach or 2-step approach according to access type, channel quality from UE and the cell load.
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