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1 Introduction

The physical Layer structure and access procedure for TDD in LTE have been proposed by CATT in [1] and [2] respectively. This contribution analyzes the latency of transition from LTE_IDLE to LTE_ACTIVE for TDD, and gives the key stages that will influence the C-plane Latency performance for TDD in LTE.
2 Discussion

2. 1   TDD frame structure for co-existence with LCR-TDD

The fixed frame structure captured in [1] is shown in Figure 1.
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Figure1. Frame Structure of one pair of switching points between DL and UL traffic timeslot
Assuming that a 10 ms frame is divided into 2 equally sized 5 ms Radio Sub-frames, one Radio Sub-frame consists of seven time slots (TS0~TS6). The synchronization and guard period is between TS0 and TS1, whose duration is 0.275ms including DwPTS, GP and UpPTS. The TTI of E-UTRA TDD can be 0.675ms, as same as one timeslot. The minimum TTI for uplink transmission is equal to the uplink traffic timeslot duration (0.675ms). 

A guard period is required at a DL/UL or UL/DL switching point. Each traffic timeslot should contain a small idle period (Timeslot Interval) which can be used for switching guard period from UL to DL traffic timeslot.
The setting of switching points in Figure 1 is similar to default case in UTRAN LCR-TDD.  It may dramatically reduce the latency by employing additional switching points in E-UTRA TDD. Figure 2 depicts one kind of configuration with more switching points.
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Figure2. Frame Structure of two pair of switching points between DL and UL traffic timeslot
In Figure 2, four switching points are located in TS0/TS1, TS2/TS3, TS4/TS5 and TS5/TS6 respectively. The interaction in UL/DL will be accelerated in this situation because of the reduction of exchange time in UL/DL. 
2. 2   The access procedure for TDD

The access procedure proposed for transition from LTE_IDLE to LTE_ACTIVE in non-synchronization state for TDD described in Figure 3 below.

[image: image3.emf]UE eNodeB aGW

1). UE transmit preamble

(signature ID)

3). Preamble response

(signature ID, TA, TP, C-RNTI)

4). RACH

(Random ID, C-RNTI, Access cause)

11). Other NAS message or data

6). RACH response

(Random ID, Scheduling information)

UE read the

Broadcast

2). AssignC-RNTI

7). RRC Connection Request

(L3 and NAS message)

5). Assignresource

9). RRC Connection  Setup

10). RRC Connection Complete

8). Authorization and transfer UE Context

A

c

c

e

s

s

 

P

r

o

c

e

d

u

r

e

 

L

a

t

e

n

c

y


Figure3. Access Procedure for transition from LTE_IDLE to LTE_ACTIVE
Each UE that attempt to access the E-UTRAN transmits a preamble in the UpPTS firstly after synchronizing to the eNodeB and reading the cell broadcast information. Then the preamble response which includes Timing Advance, Transmission Power information is sent from eNodeB, and a C-RNTI allocated is also carried to UE at the same time. 

The C-RNTI, Access Cause and a Random ID which is used for collision solution further, are transmitted by UE as a RACH transmission. While receiving the RACH message, the radio resource in shared channel will be assigned to UE. Corresponding resource indication information i.e. scheduling is transported to the UE within RACH response message.

Afterwards, RRC Connection Request message which involves NAS message is sent to eNodeB using the resource denoted in RACH response. Then an authorization will be handled in aGW. If successful, eNodeB can obtain the UE Context reserved in aGW. The delay for these procedures involves the RTT from eNodeB to aGW and the time for authorization. As a response, the RRC Connection Setup message is transmitted to UE. Subsequently UE will configure related parameters and procedure for RRC connection. At last a RRC Connection Complete message to eNodeB means the transition from LTE_IDLE to LTE_ACTIVE is finished. 
From [3], the transition latency from LTE_IDLE to LTE_ACTIVE can be defined as the time expended from step 1) to step 11) in Figure 3, i.e. from the occasion at which starting preamble transmission to the occasion after which other NAS or data can be exchange between eNodeB and UE.
Note: the procedure illustrated above only takes account of the normal case, in which there are no collisions that can not be resolved among UEs and no abnormal errors occur either. The more detailed access procedure for TDD can be found in [2].

2. 3   C-latency performance in conservative case
Obviously, the physical layer structure is an important factor influencing the C-plane delay in access procedure. This section will analyze the C-plane latency in a conservative case. Some assumptions are given firstly before calculating delay time for every step.
Assumption 1): The frame structure in Figure 1 is used, i.e. one pair of DL/UL switching points in one Radio Sub-frame, which is located in TS0/TS1 and TS3/TS4.
Assumption 2): During the message stream in Figure 2, the sequent messages can be transmitted in the next adjacent Radio Sub-frame after the prior message has been received in the previous Radio Sub-frame. This means the message transmission time, processing delay in each protocol layer and time for inter-layer interaction are all involved in a 5ms Radio Sub-frame. Physical processing time is caused by interleaving/de-interleaving, coding/decoding and other procedures. And L2/L3 processing time equals to the sum of buffer delay, scheduling delay etc.
Assumption 3): Step 2) and step 5) is handled quickly enough in eNodeB, so the delay for these two stages can also be treated as part of processing delay included in 5ms according to Assumption 2)
Assumption 4): The data amount carried on step 3), 4) and 6) are so small that the corresponding transmissions will complete in one Radio Sub-frame, i.e. 5ms.
The latency for each step in Figure 2 can be seen in Table 1 below. 

Table1. Latency for every step of access procedure

	Step numbering
	Procedure
	Latency introduced
	Comment

	1)
	UE transmitting preamble.
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 is from start point of step 1) to start point of step 3).

	2)
	eNode B assigns C-RNTI
	
	

	3)
	Preamble response
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 is from start point of step 3) to start point of step 4).

	4)
	RACH
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 is from start point of step 4) to start point of step 6).

	5)
	eNode B assigns resource.
	
	

	6)
	RACH response
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is from start point of step 6) to start point of step 7).

	7)
	RRC Connection Request
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 is from start point of step 7) to start point of step 8), and includes one or more Radio Sub-frames.

	8)
	Authentication and transfer UE Context
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 is from start point of step 8) to start point of step 9), and will include the RTT from eNodeB to aGW, and time for authorization.

	9)
	RRC Connection Setup
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 is from start point of step 9) to start point of step 10), and includes one or more Radio Sub-frames.

	10)
	RRC Connection Complete
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 is from start point of step 10) to start point of step 11), and maybe includes one or more Radio Sub-frames.

	11)
	Other NAS or data transmission
	
	

	Total
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 are the time needed for transporting RRC Connection Request, Setup and Complete message which maybe involve one or more 5ms Radio Sub-frames. They are decided by the TTI setting and amount of resource allocated for corresponding message transmissions. It is possible to assign enough sub-carriers in frequency domain to transfer each message in a 5ms or a shorter TTI. So, the TTI setting and scheduling algorithm for access procedure is critical factors that should be considered.
Furthermore, 
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 is the delay for eNodeB to interact with aGW for authorization and UE context transfer. This delay is influenced by the transmission rate of connection from eNodeB to aGW, and the processing capability of nodes. Minimizing 
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 will benefit the latency tolerance of other phases in access procedure.
2. 4   C-latency performance in optimum case
To optimize the C-latency performance, the frame structure shown in Figure 2 is used for the basis of analysis in this section. For the same reason, some assumptions are made as preconditions for latencies calculation.

Assumption 1): The frame structure in Figure 2 is adopted. Four DL/UL switching points are set between TS0/TS1, TS2/TS3, TS4/TS5 and TS5/TS6 respectively. 
Assumption 2): It is possible that transporting of previous UL/DL message and next DL/UL message within one 5ms Radio Sub-frame.
Assumption 3): The processing and interaction between protocol layers can all complete in one timeslot after receiving prior message successfully. For example, if the nth message was transmitted in TS3 in DL, then the (n+1)th message will respond in TS5 in UL as soon as the internal procedures finished in UE during TS4. Delay introduced by Step 2) and step 5) are also considered as part of the processing time involved in a timeslot.
Assumption 4): The data amount carried on step 3), 4) and 6) are so small that the corresponding transmissions will complete in one timeslot i.e. 0.675ms.

Assumption 5): the messages related to establishing RRC connection can also be transmitted in a minimum TTI i.e. a timeslot, by allocating enough sub-carriers for each transmission.
With the premises above, the latency for each step are summarized in Table 2. For illustrating more clearly, the Radio Sub-frame and timeslot used for transmitting each message is also given.
	Step numbering
	Procedure
	Radio Sub-frame
	Timeslot
	Latency introduced
	Comment

	1)
	UE transmitting preamble.
	x
	UpPTS
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 is from start point of step 1) to start point of step 3).

	2)
	eNodeB assigns C-RNTI
	x
	Processed in TS1/TS2
	
	

	3)
	Preamble response
	x
	TS3
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 is from start point of step 3) to start point of step 4).

	4)
	RACH
	x
	TS5
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 is from start point of step 4) to start point of step 6).

	5)
	eNodeB assigns resource.
	x
	Processed in TS6
	
	

	6)
	RACH response
	x+1
	TS0
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is from start point of step 6) to start point of step 7).

	7)
	RRC Connection Request
	x+1
	TS2
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 is from start point of step 7) to start point of step 8), and includes two timeslots.

	8)
	Authentication and UE Context transferring
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	This step is started from TS4 of Radio Sub-frame x+1.
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 is from start point of step 8) to start point of step 9), and will include the RTT from eNodeB to aGW, and time for authorization.

	9)
	RRC Connection Setup
	y
	TS3
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 is from start point of step 9) to start point of step 10), and includes two timeslots.

	10)
	RRC Connection Complete
	y
	TS5
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, when step 11) is in UL.
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 is from start point of step 10) to start point of step 11), and different according to step 11) in UL or DL.
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	11)
	Other NAS or data transmission
	y+1
	TS0/TS1
	
	

	Total
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Table 2 shows that the maximal total access delay in optimum case is about 
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 is too little to be ignored. Compared with the conservative case in section 2.3, the delay time except 
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 decreases a lot. Therefore, increasing the number of switching points in frame structure is much advantageous to reduce the C-plane latency.

The consequence in Table 2 still illustrates that 
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 i.e. the delay of interaction between eNodeB and aGW must be taken into account in estimating the C-plane latency performance. 

The latency performance can be further improved if the response message is possible to be transmitted in next adjacent timeslot, when switching points exist in every two neighbor timeslots. To achieve this, the processing time and exchange time between protocols layers must be limited in a GP time in theory.
3 Conclusion
From the analysis in section 2.3 and 2.4, it is shown that the frame structure, TTI setting, scheduling algorithms and interaction between eNodeB and aGW need to be determined while evaluating the C-plane latency performance for TDD. On the other hand, in order to satisfy the C-plane latency requirement in [3], the related aspects above should be designed synthetically. Furthermore, some enhancements such as simplifying signaling stream and improving protocol procedure etc are very necessary to optimize the C-plane latency performance.
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