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1. Introduction
RAN had received several questions from different groups like ATIS, CEG, winner+ etc. about the same topic, i.e. the handover interruption latency about LTE TDD Rel-8. In this contribution, the evaluations are provided for all TDD UL/DL configurations, also considering the location of RACH, e.g. RACH in UL or RACH in SP
.
2. Comparison of two analysis approaches
Actually, when analyze the TDD case, there were two approaches.

1) Approach A

Approach A is used by LTE-A rapporteur when drafting the answer of ATIS/winner+ questions. The idea of this approach is to list all instants of Msg1 trigger, for example, when the DL/UL switch point periodicity is 5ms, there are 5 instants, i.e. subframe 0, subframe 1,…, subframe 4. So we can list all of these instant and find the average delay above these 5 instants.
Use “TDD UL/DL configuration 1 + RACH in UL subframe” as an example, we could get the following Table1 (which is used in the reply to Winner+):
Table 1
	TDD Configuration 1 and RACH in UL subframe
	15.5

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	Total (incl. step 1)

	#1
	2 = 1.5ms
	3 = 1ms
	4-5 = 7ms
	6 = 2ms
	7 = 3ms
	　
	　
	　
	　
	　
	15.5

	#2
	　
	2 = 0.5ms
	3 = 1ms
	4-5 = 7ms
	6 = 2ms
	7 = 3ms
	　
	　
	　
	　
	　
	14.5

	#3
	　
	　
	2 = 0.5ms
	3 = 1ms
	4-5 = 6ms
	6 = 2ms
	7 = 3ms
	　
	　
	　
	　
	　
	13.5

	#4
	　
	　
	　
	2 = 3.5ms
	3 = 1ms
	4-5 = 7ms
	6 = 2ms
	7 = 4ms
	17.5

	#5
	　
	　
	　
	　
	2 = 2.5ms
	3 = 1ms
	4-5 = 7ms
	6 = 2ms
	7 = 4ms
	16.5


	DL subframe
	SP
	UL subframe


So the averaged result of this scenario is 15.5+14.5+13.5+17.5+16.5)/5=15.5(ms).

2) Approach B

Approach B is used internally in CATT. The idea of this approach is that first find out which subframes could accommodate Msg1, and then evaluate the probability of each of such cases. Also using “TDD UL/DL configuration 1 + RACH in UL subframe” as an example, we could reach the following Table2:
Table 2
	Component
	Description
	Case1

(Msg1 in subframe2/7)
	Case2

(Msg1 in subframe3/8)
	Average Result

	1
	Radio synchronisation to the target cell
	1
	1
	1

	2
	Average delay due to RACH scheduling period
	2
	0.5
	1.7

	3
	RACH Preamble
	1
	1
	1

	4-5
	Preamble detection and transmission of RA response (time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment + waiting time for a DL subframe)
	7
	6
	6.8

	6
	Decoding of scheduling grant and timing alignment
	2
	2
	2

	7
	Transmission of DL Data (including the waiting time for a DL subframe)
	3
	3
	3

	
	Delay for each case
	16
	13.5
	15.5

	
	Case probability
	0.8
	0.2
	


Case 1: Msg1 is sent in subframe 2. It’s easy to find out that it corresponding to Msg1 trigger resides in subframe#1, #2, #4 and #5. So the case probability is 4/5 = 0.8. And the average delay due to RACH scheduling period is (1.5+0.5+3.5+2.5)/4=2ms for this case. 
Case 2: Msg1 is sent in subframe 3. It’s easy to find out that it corresponding to Msg1 trigger resides in subframe #3. The case probability is 0.2. And the average delay due to RACH scheduling period is 0.5ms.
Consider the DL/UL switch point periodicity, we could replace “Msg1 in subframe 2” with “Msg1 in subframe 2/7”, and replace “Msg1 in subframe 3” with “Msg1 in subframe 3/8”.

Then according to the Case probability and delay for each case, the average delay of this scenario could be calculated as 16*0.8+13.5*0.2=15.5(ms).
It could be seen that both approaches lead to the same result. So we adopt Approach B in remain part of this contribution.
3. Analysis for All TDD cases
In this section, the evaluation tables for all TDD UL/DL configurations with RACH in UL and RACH in SP separately are provided using Approach B above.

3.1. Scenario 1: configuration0, RACH in UL subframe
	Component
	Description
	Case1

(Msg1 in subframe2/7)
	Case2

(Msg1 in subframe3/8)
	Case2(Msg1 in subframe4/9)
	Average Result

	1
	Radio synchronisation to the target cell
	1
	1
	1
	1

	2
	Average delay due to RACH scheduling period
	1.5
	0.5
	0.5
	1.1

	3
	RACH Preamble
	1
	1
	1
	1

	4-5
	Preamble detection and transmission of RA response (time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment + waiting time for a DL subframe)
	8
	7
	6
	7.4

	6
	Decoding of scheduling grant and timing alignment
	2
	2
	2
	2

	7
	Transmission of DL Data (including the waiting time for a DL subframe)
	3
	3
	3
	3

	
	Delay for each case
	16.5
	14.5
	13.5
	15.5

	
	Case probability
	0.6
	0.2
	0.2
	


3.2. Scenario 2: configuration0, RACH in special subframe

	Component
	Description
	Case

	1
	Radio synchronisation to the target cell
	1

	2
	Average delay due to RACH scheduling period
	2.5

	3
	RACH Preamble
	1

	4-5
	Preamble detection and transmission of RA response (time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment + waiting time for a DL subframe)
	5

	6
	Decoding of scheduling grant and timing alignment
	2

	7
	Transmission of DL Data (including the waiting time for a DL subframe)
	2

	
	Delay for each case
	13.5

	
	Case probability
	1


3.3. Scenario 3: configuration1, RACH in UL subframe

	Component
	Description
	Case1

(Msg1 in subframe2/7)
	Case2

(Msg1 in subframe3/8)
	Average Result

	1
	Radio synchronisation to the target cell
	1
	1
	1

	2
	Average delay due to RACH scheduling period
	2
	0.5
	1.7

	3
	RACH Preamble
	1
	1
	1

	4-5
	Preamble detection and transmission of RA response (time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment + waiting time for a DL subframe)
	7
	6
	6.8

	6
	Decoding of scheduling grant and timing alignment
	2
	2
	2

	7
	Transmission of DL Data (including the waiting time for a DL subframe)
	3
	3
	3

	
	Delay for each case
	16
	13.5
	15.5

	
	Case probability
	0.8
	0.2
	


3.4. Scenario 4: configuration1, RACH in special subframe

	Component
	Description
	Case

	1
	Radio synchronisation to the target cell
	1

	2
	Average delay due to RACH scheduling period
	2.5

	3
	RACH Preamble
	1

	4-5
	Preamble detection and transmission of RA response (time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment + waiting time for a DL subframe)
	5

	6
	Decoding of scheduling grant and timing alignment
	2

	7
	Transmission of DL Data (including the waiting time for a DL subframe)
	1

	
	Delay for each case
	12.5

	
	Case probability
	1


3.5. Scenario 5: configuration2, RACH in UL subframe

	Component
	Description
	Case

(Msg1 in subframe2/7)

	1
	Radio synchronisation to the target cell
	1

	2
	Average delay due to RACH scheduling period
	2.5

	3
	RACH Preamble
	1

	4-5
	Preamble detection and transmission of RA response (time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment + waiting time for a DL subframe)
	6

	6
	Decoding of scheduling grant and timing alignment
	2

	7
	Transmission of DL Data (including the waiting time for a DL subframe)
	1

	
	Delay for each case
	13.5

	
	Case probability
	1


3.6. Scenario 6: configuration2, RACH in special subframe

	Component
	Description
	Case

	1
	Radio synchronisation to the target cell
	1

	2
	Average delay due to RACH scheduling period
	2.5

	3
	RACH Preamble
	1

	4-5
	Preamble detection and transmission of RA response (time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment + waiting time for a DL subframe)
	5

	6
	Decoding of scheduling grant and timing alignment
	2

	7
	Transmission of DL Data (including the waiting time for a DL subframe)
	1

	
	Delay for each case
	12.5

	
	Case probability
	1


3.7. Scenario 7: configuration3, RACH in UL subframe

	Component
	Description
	Case1

(Msg1 in subframe2)
	Case2

(Msg1 in subframe3)
	Case3

(Msg1 in subframe4)
	Average Result

	1
	Radio synchronisation to the target cell
	1
	1
	1
	1

	2
	Average delay due to RACH scheduling period
	4
	0.5
	0.5
	3.3

	3
	RACH Preamble
	1
	1
	1
	1

	4-5
	Preamble detection and transmission of RA response (time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment + waiting time for a DL subframe)
	5
	5
	5
	5

	6
	Decoding of scheduling grant and timing alignment
	2
	2
	2
	2

	7
	Transmission of DL Data (including the waiting time for a DL subframe)
	1
	1
	4
	1.3

	
	Delay for each case
	14
	10.5
	13.5
	13.6

	
	Case probability
	0.8
	0.1
	0.1
	


3.8. Scenario 8: configuration3, RACH in special subframe

	Component
	Description
	Case

	1
	Radio synchronisation to the target cell
	1

	2
	Average delay due to RACH scheduling period
	5

	3
	RACH Preamble
	1

	4-5
	Preamble detection and transmission of RA response (time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment + waiting time for a DL subframe)
	5

	6
	Decoding of scheduling grant and timing alignment
	2

	7
	Transmission of DL Data (including the waiting time for a DL subframe)
	1

	
	Delay for each case
	15

	
	Case probability
	1


3.9. Scenario 9: configuration4, RACH in UL subframe

	Component
	Description
	Case1

(Msg1 in subframe2)
	Case2

(Msg1 in subframe3)
	Average Result

	1
	Radio synchronisation to the target cell
	1
	1
	1

	2
	Average delay due to RACH scheduling period
	4.5
	0.5
	4.1

	3
	RACH Preamble
	1
	1
	1

	4-5
	Preamble detection and transmission of RA response (time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment + waiting time for a DL subframe)
	5
	5
	5

	6
	Decoding of scheduling grant and timing alignment
	2
	2
	2

	7
	Transmission of DL Data (including the waiting time for a DL subframe)
	1
	1
	1

	
	Delay for each case
	14.5
	10.5
	14.1

	
	Case probability
	0.9
	0.1
	


3.10. Scenario 10: configuration4, RACH in special subframe

	Component
	Description
	Case

	1
	Radio synchronisation to the target cell
	1

	2
	Average delay due to RACH scheduling period
	5

	3
	RACH Preamble
	1

	4-5
	Preamble detection and transmission of RA response (time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment + waiting time for a DL subframe)
	5

	6
	Decoding of scheduling grant and timing alignment
	2

	7
	Transmission of DL Data (including the waiting time for a DL subframe)
	1

	
	Delay for each case
	15

	
	Case probability
	1


3.11. Scenario 11: configuration5, RACH in UL subframe

	Component
	Description
	Case1

(Msg1 in subframe2)

	1
	Radio synchronisation to the target cell
	1

	2
	Average delay due to RACH scheduling period
	5

	3
	RACH Preamble
	1

	4-5
	Preamble detection and transmission of RA response (time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment + waiting time for a DL subframe)
	5

	6
	Decoding of scheduling grant and timing alignment
	2

	7
	Transmission of DL Data (including the waiting time for a DL subframe)
	1

	
	Delay for each case
	15

	
	Case probability
	1


3.12. Scenario 12: configuration5, RACH in special subframe

	Component
	Description
	Case

	1
	Radio synchronisation to the target cell
	1

	2
	Average delay due to RACH scheduling period
	5

	3
	RACH Preamble
	1

	4-5
	Preamble detection and transmission of RA response (time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment + waiting time for a DL subframe)
	5

	6
	Decoding of scheduling grant and timing alignment
	2

	7
	Transmission of DL Data (including the waiting time for a DL subframe)
	1

	
	Delay for each case
	15

	
	Case probability
	1


3.13. Scenario 13: configuration6, RACH in UL subframe

	Component
	Description
	Case1

(Msg1 in subframe2)
	Case2

(Msg1 in subframe3)
	Case3

(Msg1 in subframe4)
	Case4

(Msg1 in subframe7)
	Case5

(Msg1 in subframe8)
	Average Result

	1
	Radio synchronisation to the target cell
	1
	1
	1
	1
	1
	1

	2
	Average delay due to RACH scheduling period
	2
	0.5
	0.5
	1.5
	0.5
	1.4

	3
	RACH Preamble
	1
	1
	1
	1
	1
	1

	4-5
	Preamble detection and transmission of RA response (time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment + waiting time for a DL subframe)
	7
	6
	5
	8
	7
	7

	6
	Decoding of scheduling grant and timing alignment
	2
	2
	2
	2
	2
	2

	7
	Transmission of DL Data (including the waiting time for a DL subframe)
	4
	4
	4
	2
	2
	3.2

	
	Delay for each case
	17
	14.5
	13.5
	15.5
	13.5
	15.6

	
	Case probability
	0.4
	0.1
	0.1
	0.3
	0.1
	


3.14. Scenario 14: configuration6, RACH in special subframe

	Component
	Description
	Case1

(Msg1 in subframe1)
	Case2

(Msg1 in subframe6)
	Average Result

	1
	Radio synchronisation to the target cell
	1
	1
	1

	2
	Average delay due to RACH scheduling period
	2.5
	2.5
	2.5

	3
	RACH Preamble
	1
	1
	1

	4-5
	Preamble detection and transmission of RA response (time between the end RACH transmission and UE’s reception of scheduling grant and timing adjustment + waiting time for a DL subframe)
	5
	5
	5

	6
	Decoding of scheduling grant and timing alignment
	2
	2
	2

	7
	Transmission of DL Data (including the waiting time for a DL subframe)
	1
	2
	1.5

	
	Delay for each case
	12.5
	13.5
	13

	
	Case probability
	0.5
	0.5
	


4. Summary of TDD handover Latency
	Scenarios
	TDD UL/DL Configuration
	RACH configuration
	Handover Interruption(ms)

	1
	0
	In UL
	15.5

	2
	
	In SP
	13.5

	3
	1
	In UL
	15.5

	4
	
	In SP
	12.5

	5
	2
	In UL
	13.5

	6
	
	In SP
	12.5

	7
	3
	In UL
	13.6

	8
	
	In SP
	15

	9
	4
	In UL
	14.1

	10
	
	In SP
	15

	11
	5
	In UL
	15

	12
	
	In SP
	15

	13
	6
	In UL
	15.6

	14
	
	In SP
	13


Observation: The minimum latency is 12.5ms for Rel-8 LTE TDD case (“UL/DL Configuration #1 +RACH in SP” or “UL/DL Configuration #2 +RACH in SP”).

5. Proposal

RAN2 is kindly requested to consider these evaluations for 14 scenarios when working out a reply to CEG.




























































�  According to Rel-8 E-UTRA specifications, PRACH resource could not be located in normal subframes and special subframes simultaneously. This constrains leads to two options, either RACH in UL, or RACH in SP.
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