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1. Introduction

In [1] the analysis of C-plane latency and U-plane delay in LTE system is required. In [2], the analysis is given for FDD frame structure. In this contribution, the analysis is given for TDD frame structure type 2, which shows that the requirements on C-plane latency and U-plane delay can be reached.
2. Latency and delay analysis

In [2], LTE C-plane latency and U-plane latency analysis is given based on FDD frame structure. For TDD frame structure type 2, the same analysis method is used. Considering some TDD specific characteristics, the following assumption is added:

· For TDD frame structure type 2, Round Trip Time is 5 ms in both DL and UL.

· For TDD frame structure type 2, the DUSP is between TS0 and TS1, and the UDSP is between TS3 and TS4. Those configurations correspond to the usual deployment case.

· For TDD frame structure type 2, the effect of DUSP/UDSP and control channel design is considered, which is aligned with [3].

Notes: It is believed that the processing delay is proportional to the length of TTI, but for simplicity, the same processing delay value is used for C-plane latency analysis in TDD frame structure type 2 as FDD frame structure.

2.1. C-plane latency

Table 1 provides a timing analysis, assuming TDD frame structure type 2. The analysis illustrates that the requirement of keeping the state transition latency from LTE_IDLE to LTE_ACTIVE within 100ms can be reached.

Table 1: C-plane establishment latency analysis (based on the procedure depicted in Figure 13.1)

	Step
	Description
	Duration

	0
	UE wakeup time
	Implementation dependent – Note included

	1
	Average delay due to RACH scheduling period
	2.5ms

	2
	RACH Preamble
	0.275ms

	3
	Preamble detection and transmission of RA response (Time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	4.725ms

	4
	UE Processing Delay (decoding of scheduling grant, timing alignment and C-RNTI assignment + L1 encoding of RRC Connection Request)
	5.275ms

	5
	TTI for transmission of RRC Connection Request
	0.675ms

	6
	HARQ Retransmission (@ 30%)
	0.3 * 5ms

	7
	Processing delay in eNB (Uu –> S1-C)
	4ms

	8
	S1-C Transfer delay
	Ts1c (2ms – 15ms)

	9
	MME Processing Delay (including UE context retrieval of 10ms)
	15ms

	10
	S1-C Transfer delay
	Ts1c (2ms – 15ms)

	11
	Processing delay in eNB (S1-C –> Uu)
	4ms

	12
	TTI for transmission of RRC Connection Setup (+Average alignment)
	2.163ms

	13
	HARQ Retransmission (@ 30%)
	0.3 * 5ms

	14
	Processing delay in UE
	2.975ms

	15
	TTI for  transmission of L3 RRC Connection Complete
	0.675ms

	16
	HARQ Retransmission (@ 30%)
	0.3 * 5ms

	
	Total LTE_IDLE(LTE_ACTIVE delay (C-plane establishment)
	46.763ms + 2 * Ts1c


2.2. U-plane delay

Table 2 and 3 provide a timing analysis, assuming TDD frame structure type 2, for DL and UL respectively. The difference with FDD frame structure on the value of Frame Alignment is caused by the difference of frame structure. Here a uniform distribution of data arriving time is assumed, which is also implicitly used in [2].

The analysis illustrates that for a typical case with an initial HARQ error rate of 0.0 and 0.3, the requirement of keeping the U-plane delay within 5ms can be achieved.
Table 2: U-plane latency analysis (estimated average), DL

	Step
	Description
	Value (0% HARQ)
	Value (30% HARQ)

	0
	UE wakeup time
	Implementation dependent – Not included
	Implementation dependent – Not included

	1
	eNB Processing Delay (S1-U –> Uu)
	0.675ms
	0.675ms

	2
	Frame Alignment
	1.022ms
	1.022ms

	3
	TTI for DL DATA PACKET (Piggy back scheduling information) 
	0.675ms
	0.675ms

	4
	HARQ Retransmission (@ 30%)
	0ms
	0.3*5ms

	5
	UE Processing Delay
	0.675ms
	0.675ms

	
	Total one way delay
	3.047ms
	4.547ms


Table 3: U-plane latency analysis (estimated average), UL

	Step
	Description
	Value (0% HARQ)
	Value (30% HARQ)

	0
	UE wakeup time
	Implementation dependent – Not included
	Implementation dependent – Not included

	1
	UE Processing Delay
	0.675ms
	0.675ms

	2
	Frame Alignment
	1.423ms
	1.423ms

	3
	TTI for UL DATA PACKET (Piggy back scheduling information) 
	0.675ms
	0.675ms

	4
	HARQ Retransmission (@ 30%)
	0ms
	0.3*5ms

	5
	eNB Processing Delay (Uu –> S1-U)
	0.675ms
	0.675ms

	
	Total one way delay
	3.448ms
	4.948ms


3. Conclusions
In TDD frame structure type 2, the requirements on C-plane latency and U-plane delay can be reached.
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