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1. Introduction
LTE physical layer framework for LTE performance verification and its work plan have been agreed in RAN1#48 meeting [1] [2]. For E-UTRA, two radio frame structures are supported [3], frame structure type 1 (generic frame structure) and frame structure type 2 (alternative frame structure), the frame structure type 2 is applicable to TDD only.

In this contribution, LTE system analysis is done for frame structure type 2, according to the frame work described in [1]. The system analysis results are shown in section 2. And the detailed discussion is given in section 3. 
2. System analysis results for frame structure type 2
The system analysis results on metric 1a), 1b), 1c) and 1d) is listed in table 1. 
Table 1, System analysis results for TDD with frame structure type 2
	Metric
	1a) Peak Rate (20MHz)
	1b) C-plane latency
	1c) U-plane delay
	1d) HO delay

	E-UTRA DL
	72.89 Mbps for 1x1 

142.22 Mbps for 2x2

270.22 Mbps for 4x4
	55.6125 ms + 2 * Ts1c + Ts1u
	4.197(5.697) ms
	18.325~23.325ms

	E-UTRA UL
	62.72 Mbps
	
	4.598(6.098) ms
	25.775~30.775ms


Note: Figures in the bracket corresponding to HARQ Retransmission Probability=30%.
3. Discussion
3.1. Peak rate calculation
For frame structure type 2, how to transmit control signalling has not been decided for downlink and uplink, but the control channel overhead may not be affected by the control channel structure. Without losing any general it is assumed that

· 2 OFDM symbols in one downlink sub-frame are used to transmit control signalling for downlink

· Out of band control channel overhead in uplink spans 16RBs for 20MHz bandwidth, according to the assumption that of 8 RBs for 10 MHz bandwidth in [1]. 

The reference RS overhead is considered according to [3]. And 64QAM is used for both downlink and uplink. 
So, the downlink peak rate can be calculated as:

Peak rate=6*n*(1200*7-200*n)/0.675*1000, where n is number of streams.
And the uplink peak rate can be calculated as:
Peak rate=6*(1200-16*12) *7/0.675*1000=62.72Mbps
3.2. Latency and delay analysis
For frame structure type 2, the same analysis method given in [4] is used. Other assumptions are:

· Basically, frame structure type 2 has the same process delay as frame structure type 1.

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

· Based on recent assumption, PDCP is located in eNB, so Ts1u (eNB->aGW) should not be included in U-plane latency analysis.

· Handover procedure analysis is based on contention-based RACH access procedure.
· For frame structure type 2, the effect of DUSP/UDSP and control channel design is considered, which is aligned with [5].
3.2.1. C-plane latency
Analysis method is aligned with [4], chapter 13.2. See following details:
Table 2: C-plane latency analysis
	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
	Scheduling grant - Timing Alignment (Time between the end RACH transmission and reception of scheduling grant)
	4.725ms

	4
	UE Processing Delay (only L1 Part – coding according to received grant)
	0.95ms

	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)
	2.1625ms

	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

	
	Sub-Total C-plane establishment delay
	42.4375ms + 2 * Ts1c

	17
	TTI for UL DATA PACKET (Piggy back scheduling information)
	0.675ms

	18
	HARQ Retransmission (@ 30%)
	0.3 * 5ms

	19
	eNB Processing Delay (Uu –> S1-U)
	1ms

	20
	S1-U Transfer delay
	Ts1u (1ms – 15ms)

	21
	UPE Processing delay (including context retrieval, deciphering, RoHC)
	10ms

	
	Sub-Total U-plane establishment delay
	13.175ms + Ts1u

	
	Total LTE_IDLE –> LTE_ACTIVE delay
	55.6125ms + 2 * Ts1c + Ts1u


3.2.2. U-plane latency
Analysis method is aligned with [4], chapter 13.3. See following details:
Table 3: U-plane latency analysis (estimated average)
	Step
	Description
	Value

	0
	UE wakeup time
	Implementation dependent – Note included

	1
	UE Processing Delay
	1ms

	2
	Frame Alignment
	DL: 1.022ms
UL: 1.423ms

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

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

	5
	eNB Processing Delay (Uu –> S1-U)
	1ms

	6
	UPE Processing delay
	0.5ms

	
	Total one way delay
	DL: 5.697ms

UL: 6.098ms


3.2.3. HO delay (U-plane interruption time)
Analysis method is aligned with [4], chapter 13.6.2. To give a more precise result, a flow chart was introduced, which was very like the one in C-plane latency analysis. See following details:
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Figure 1: Handover delay analysis
Table 4: Handover delay analysis
	Step
	Description
	Duration

	0
	DL synchronization
	5~10ms

	1
	Average delay due to RACH scheduling period
	2.5ms

	2
	RACH Preamble
	0.275ms

	3
	Scheduling grant - Timing Alignment (Time between the end RACH transmission and reception of scheduling grant)
	4.725ms

	4
	UE Processing Delay (only L1 Part – coding according to received grant)
	0.95ms

	5
	TTI for transmission of HO Complete
	0.675ms

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

	7
	Processing delay in eNB 
	2.7ms

	8
	TTI for transmission of Ack (+Average alignment)
	0.675ms

	9
	HARQ Retransmission (@ 30%)
	0.3 * 5ms

	10
	Processing delay in UE
	5.275ms

	
	DL Total delay (Step 0~7)
	18.325~23.325ms

	
	UL Total delay (Step 0~10)
	25.775~30.775ms


4. Conclusions
In this contribution, LTE system analysis is shown for frame structure type 2. From the analysis results, we can conclude that the targets on peak data rate, latency and delay for LTE can be reached for frame structure type 2.
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