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1 Introduction

In last RAN2 meeting, a contribution [1] on how to reduce latency when DL data arrive was proposed and received some support. However, only FDD scenario [2] was analyzed. This paper analyzes the possible latency gain in every TDD scenarios with different PRACH configurations to complete the analysis.
2 Discussion
2.1 General
The following table lists the current and proposed approaches.

Table 1 Description of the current and proposed approaches
	Current status
	Proposed approach(See the Annex)

	“In case a random access procedure is initiated by a PDCCH order in subframe n, the UE shall, if requested by higher layers, transmit random access preamble in the first subframe 
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, where a PRACH resource is available.”[3]
	In case a random access procedure is initiated by a PDCCH order in subframe n, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe 
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2.2 Analysis and performance
By using the same calculation method used in [1] (Table 2 is a summary), the following figures show the maximum and average gain by using the proposed approach, which is evaluated for all TDD UL/DL configurations and  PRACH configurations [2].
Table 2 Basic Assumption
	Assumption Items
	Description

	PDCCH order distribution in time
	Uniform(selecting one subframe where can send PDCCH order with equal probability, calculation subframe range:0~19)

	TDD UL/DL configurations
	0~6, According to [2]

	PRACH configurations
	0~63, according to [2]

	Fastest responding time when UE receives the PDCCH order at subframe n
	n+2 for proposed approach[4];
>=n+6 for current specifications
We assume that the UEs respond uniformly between ‘n+2’ and ‘n+6’, in subframes where a PRACH is available.

	Average gain calculation method
	For each TDD UL/DL configurations and PRACH configurations: 

Step1: calculate the response delay for every PDCCH order subframe for the two methods, for the approached method, there may be more than one values;
Step 2: calculate the average response delay for every PDCCH order subframe of the approached method, i.e. sum the delay values, and then divided by the value number.
Step 3: Calculate the average response delay for this TDD UL/DL configuration and PRACH configuration

Step 4: Calculate the Average Gain for this TDD UL/DL configuration and PRACH configuration


Based on the above assumptions, we compute the average latency reduction for each PRACH configurations in a specific TDD UL/DL configuration (See Figure 1~2). Each set includes the results of all the possible PRACH configurations in this TDD UL/DL configuration (X-axis).  
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Figure 1 Average Latency Gain in different TDD UL/DL configurations
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Figure 2 Maximum Latency Gain in different TDD UL/DL configurations

The above figures indicate that for most TDD/PRACH configurations, more than 2ms average latency reduction is obtained. In some configurations, e.g. TDD4, TDD5, more than 5ms average latency gain can be achieved. Hence the gains of this approach are superior in TDD than in FDD. The maximum gain reaches 20ms in some scenarios, as in FDD..
3 Conclusion

With this proposed scheme, under the assumption that the UE can reply at any time between ‘n+2 ‘and ‘n+6’ instead of only at n+6, the maximum latency reduction is 20ms and the average reduction is larger than 2ms in most cases in TDD scenarios.  We note that this proposal, while enabling latency reduction does not force UEs to change anything, they are just ‘allowed by the specification’ to respond sooner if they wish.

We would like RAN2 to provide an opinion on the complexity and gain of this scheme. After evaluation, if no blocking issue is identified we propose to ask RAN1 to take over the work in this area for “easy” latency reduction.
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5 Annex A - example text Proposal for TS36.213v901

6.1.1
Timing

For the L1 random access procedure, UE’s uplink transmission timing after a random access preamble transmission is as follows.

a. If a PDCCH with associated RA-RNTI is detected in subframe n, and the corresponding DL-SCH transport block contains a response to the transmitted preamble sequence, the UE shall, according to the information in the response, transmit an UL-SCH transport block in the first subframe 
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, if the UL delay field in section 6.2 is set to zero where 
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 is the first available UL subframe for PUSCH transmission. The UE shall postpone the PUSCH transmission to the next available UL subframe after 
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 if the field is set to 1.
b. If a random access response is received in subframe n, and the corresponding DL-SCH transport block does not contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe 
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c. If no random access response is received in subframe n, where subframe n is the last subframe of the random access response window, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe 
[image: image11.wmf]4

n

+

.

In case a random access procedure is initiated by a PDCCH order in subframe n, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence no later than in subframe 
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