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1 Introduction
In RAN 46 meeting, a WI on User Plane latency reduction (including both UL and DL) was agreed in [1]. So far the solutions provided are focused on UL transmission latency reduction. In this paper, we will discuss a potential enhancement for DL latency reduction. This document refers to cross RAN1/RAN2 issues, however it is submitted to RAN2, considering that RAN2 takes the lead for this work item. 
2 Downlink data arrival
2.1 Current status
When downlink data arrives and the UE does not have an up to date timing advance value, the eNB triggers a RACH procedure through PDCCH order. The RA procedure may be contention based or contention free.
The timing of the PRACH transmission following the PDCCH order is captured in TS 36.213 in section 6.1.1, [2] and copied below for reference:
“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.”

This means that irrespective of the UE capability to send PRACH faster than 6ms after the PDCCH order, and irrespective of the availability of PRACH resources before n+k2, the PRACH response will consume at least 6ms.

2.2 Elementary approach to reduce latency
In our understanding the intention of the above description was to specify a capability and performance requirement: the UE must be ready to transmit random access preamble no later than
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. However as currently written, it forces the UE to transmit PRACH in one specific subframes. This is not necessary on the PRACH channel since it is a common channel. We see no need to delay the PRACH transmission, if the UE can perform it before n+k2 and there are PRACH resources available.

Hence an elementary approach to reduce the latency, while continuing to enforce a maximum UE processing delay requirement, is to change the timing of the PRACH response to 
(Proposal) allow the UE to respond anytime after receiving the PDCCH order, but not later than the currently specified subframe. 
The baseline and proposed behaviour are illustrated in Figure 1 for the PRACH configuration index 14. With the baseline, the UE shall transmit the PRACH in subframe 7. With this proposal, the UE may transmit in subframe 7, and anytime before that. In order to enable such behaviour the specification could be changed as outlined in the Annex A. 
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Figure 1 Latency reduction illustration for PRACH Configuration Index 14. Red arrow is current transmission time. Blue arrows illustrate the possible transmission times with the proposed behaviour.
Naturally the gain depends on the ability of UEs to actually transmit PRACH faster than the current minimum requirement. Considering for instance the PDCCH to PUSCH timing, we believe that UEs can indeed do much better for PRACH. In the analysis below we have assumed that UEs can transmit as soon as n+2.
From a RAN2 point of view, it is interesting to discuss whether this would affect the management of dedicated preambles. The current specification seems to allow an eNB to assign a dedicated preamble to UE B at time n, while the dedicated preamble is still allocated and used by UE A. UE B would start using the dedicated preamble only at n+k2, and UE A would have released it by then. In practice, given the model for RACH for handover, it is impossible for an eNB to foresee precisely when UE A will stop using the dedicated preamble (release it), because the time of its first PRACH attempt is not known. Also because a message 2 may be transmitted but not received, the eNB may think the preamble is released and the UE re-uses it for a retransmission.
For this aspect it makes no difference to eNB implementation if UE may start using the dedicated preamble after n and sooner than n+k2, because eNB must use some margin before re-allocating dedicated preambles. 
When the eNB assigns a dedicated preamble for DL data arrival, currently it knows exactly in which subframe to look for it. With the proposal above, the eNB would have to look for the assigned dedicated preamble in a few subframes, depending on the PRACH configuration and the PRACH mask index. With the example of Figure 1 the eNB would look for the dedicated preamble in subframes 3-7, instead of only in 7. At handover anyways, the eNB may assign dedicated preambles and does not know in which subframe to expect the first transmission. For these reasons in our view the impact to PRACH detection is small. 
In the contention based case, the proposal has no impact on preamble management, since they are not managed and the eNB must expect any random preamble in any PRACH subframe.
2.3  Analysis and performance 

We assume that the UE can be ready to respond to the PDCCH order at n+2. This is inline for instance with [5], where 2ms time for detecting PDCCH order and preparing uplink transmission was assumed. The gain is evaluated for all PRACH configurations [6]. Note that the results for configuration index 16-31 (For PREAMBLE Format 1), 23-47 (For PREAMBLE Format 2) and 48-63 (For PREAMBLE Format 3) are identical with 0-15. The details of the analysis are provided in the Annex B. 
Table 1 Maximum and average latency gain 
	PRACH Configuration Index
	System frame number
	Subframe number
	Maximum latency reduction (ms)
	Average latency reduction (ms)

	0
	Even
	1
	20
	2

	1
	Even
	4
	20
	2

	2
	Even
	7
	20
	2

	3
	Any
	1
	10
	2

	4
	Any
	4
	10
	2

	5
	Any
	7
	10
	2

	6
	Any
	1, 6
	5
	2

	7
	Any
	2 ,7
	5
	2

	8
	Any
	3, 8
	5
	2

	9
	Any
	1, 4, 7
	7
	2.017

	10
	Any
	2, 5, 8
	7
	2.017

	11
	Any
	3, 6, 9
	7
	2.017

	12
	Any
	0, 2, 4, 6, 8
	4
	2

	13
	Any
	1, 3, 5, 7, 9
	4
	2

	14
	Any
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9
	4
	2

	15
	Even
	9
	20
	2


Note: The assumptions and the calculation method are listed in the Annex B.
The maximum latency reduction is 20ms, and the average reduction 2ms. More (maximum) gain is achieved with sparser PRACH configurations, which in our view are typically used.

3 Conclusions
With this scheme, under the assumption that the UE can reply at n+2 instead of n+6, the maximum latency reduction is 20ms and the average reduction 2ms. 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 continue 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 
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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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6 Annex B- Latency gain calculation method
Assumptions:
1) the PDCCH order arrival time is uniformly distributed; 
2) the UE may respond in any PRACH subframe as soon as n+2, and not later than the current response position. All response times are equally likely.
Latency gain calcluation:

Figure 2 illustrates how the gain depends on the arrival time of the PDCCH order.
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Figure 2 Timing relationship illustration
Figure 1a-1e illustrate the operation with various PRACH configurations. The red parts denote the operation identical to current specification, and the blue parts denote the operation inline with out proposal. 
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Figure 1a Latency reduction illustration for PRACH configuration Index 14
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Figure 1b Latency reduction illustration for Index 12
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Figure 1c Latency reduction illustration for Index 6
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Figure 1d Latency reduction illustration for Index 5
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Figure 1e Latency reduction illustration for Index 2

In tables 2-0 to 2-15 below, we compute the average latency gain, for each PDCCH order time, (one entry in the fourth column) and then over all the PDCCH order times, (fifth column)
Table 2-0 the gain list and the average gain for PRACH configuration 0

	PDCCH Order time
	Transmit Preamble Time  following current specification
	Possible Transmit Preamble Times  with our proposal
	Average Latency gain list(ms)
	Average gain for PRACH configuration 0 (ms)

	0
	21
	21
	0
	Mean (0, 0, 0, 0, …, 10, 10, 10, 10)= 2ms 

	1
	21
	21
	0
	

	2
	21
	21
	0
	

	3
	21
	21
	0
	

	4
	21
	21
	0
	

	5
	21
	21
	0
	

	6
	21
	21
	0
	

	7
	21
	21
	0
	

	8
	21
	21
	0
	

	9
	21
	21
	0
	

	10
	21
	21
	0
	

	11
	21
	21
	0
	

	12
	21
	21
	0
	

	13
	21
	21
	0
	

	14
	21
	21
	0
	

	15
	21
	21
	0
	

	16
	41
	21, 41
	Mean(20, 0)
	

	17
	41
	21, 41
	Mean(20, 0)
	

	18
	41
	21, 41
	Mean(20, 0)
	

	19
	41
	21, 41
	Mean(20, 0)
	


Table 2-1 the gain list and the average gain for PRACH configuration 1

	PDCCH Order time
	Transmit Preamble Time  following current specification
	Possible Transmit Preamble Times  with our proposal
	Average Latency gain list(ms)
	Average gain for PRACH configuration 1 (ms)

	0
	24
	4, 24
	Mean(20, 0)
	Mean (10, 10, 10, 0, 0, 0, 0, …, 10)= 2ms 

	1
	24
	4, 24
	Mean(20, 0)
	

	2
	24
	4, 24
	Mean(20, 0)
	

	3
	24
	24
	0
	

	4
	24
	24
	0
	

	5
	24
	24
	0
	

	6
	24
	24
	0
	

	7
	24
	24
	0
	

	8
	24
	24
	0
	

	9
	24
	24
	0
	

	10
	24
	24
	0
	

	11
	24
	24
	0
	

	12
	24
	24
	0
	

	13
	24
	24
	0
	

	14
	24
	24
	0
	

	15
	24
	24
	0
	

	16
	24
	24
	
	

	17
	24
	24
	
	

	18
	24
	24
	
	

	19
	44
	24, 44
	Mean(20, 0)
	


Table 2-2 the gain list and the average gain for PRACH configuration 2

	PDCCH Order time
	Transmit Preamble Time  following current specification
	Possible Transmit Preamble Times  with our proposal
	Average Latency gain list(ms)
	Average gain for PRACH configuration 2 (ms)

	0
	7
	7
	0
	Mean (0, 0, 10, 10, 10, 10, 0, 0, 0, 0, …)= 2ms 

	1
	7
	7
	0
	

	2
	27
	7, 27
	Mean(20, 0)
	

	3
	27
	7, 27
	Mean(20, 0)
	

	4
	27
	7, 27
	Mean(20, 0)
	

	5
	27
	7, 27
	Mean(20, 0)
	

	6
	27
	27
	0
	

	7
	27
	27
	0
	

	8
	27
	27
	0
	

	9
	27
	27
	0
	

	10
	27
	27
	0
	

	11
	27
	27
	0
	

	12
	27
	27
	0
	

	13
	27
	27
	0
	

	14
	27
	27
	0
	

	15
	27
	27
	0
	

	16
	27
	27
	0
	

	17
	27
	27
	0
	

	18
	27
	27
	0
	

	19
	27
	27
	0
	


Table 2-3 the gain list and the average gain for PRACH configuration 3

	PDCCH Order time
	Transmit Preamble Time  following current specification
	Possible Transmit Preamble Times  with our proposal
	Average Latency gain list(ms)
	Average gain for PRACH configuration 3 (ms)

	0
	11
	11
	0
	Mean (0, 0, …, 5, 5, 5, 5)= 2ms 

	1
	11
	11
	0
	

	2
	11
	11
	0
	

	3
	11
	11
	0
	

	4
	11
	11
	0
	

	5
	11
	11
	0
	

	6
	21
	11, 21
	Mean(10, 0)
	

	7
	21
	11, 21
	Mean(10, 0)
	

	8
	21
	11, 21
	Mean(10, 0)
	

	9
	21
	11, 21
	Mean(10, 0)
	


Table 2-4 the gain list and the average gain for PRACH configuration 4

	PDCCH Order time
	Transmit Preamble Time  following current specification
	Possible Transmit Preamble Times  with our proposal
	Average Latency gain list(ms)
	Average gain for PRACH configuration 4 (ms)

	0
	14
	4, 14
	Mean(10, 0)
	Mean (5, 5, 5, 0, 0, …,  5)= 2ms 

	1
	14
	4, 14
	Mean(10, 0)
	

	2
	14
	4, 14
	Mean(10, 0)
	

	3
	14
	14
	0
	

	4
	14
	14
	0
	

	5
	14
	14
	0
	

	6
	14
	14
	0
	

	7
	14
	14
	0
	

	8
	14
	14
	0
	

	9
	24
	14, 24
	Mean(10, 0)
	


Table 2-5 the gain list and the average gain for PRACH configuration 5

	PDCCH Order time
	Transmit Preamble Time  following current specification
	Possible Transmit Preamble Times  with our proposal
	Average Latency gain list(ms)
	Average gain for PRACH configuration 5 (ms)

	0
	7
	7
	0
	Mean (0, 0, 5, 5, 5,  …)= 2ms 

	1
	7
	7
	0
	

	2
	17
	7, 17
	Mean(10, 0)
	

	3
	17
	7, 17
	Mean(10, 0)
	

	4
	17
	7, 17
	Mean(10, 0)
	

	5
	17
	7, 17
	Mean(10, 0)
	

	6
	17
	17
	0
	

	7
	17
	17
	0
	

	8
	17
	17
	0
	

	9
	17
	17
	0
	


Table 2-6 the gain list and the average gain for PRACH configuration 6

	PDCCH Order time
	Transmit Preamble Time  following current specification
	Possible Transmit Preamble Times  with our proposal
	Average Latency gain list(ms)
	Average gain for PRACH configuration 6 (ms)

	0
	6
	6
	0
	Mean (0, 2.5, 2,5, 2,5,    etc)= 2ms 

	1
	11
	6, 11
	Mean(5, 0)
	

	2
	11
	6, 11
	Mean (5, 0)
	

	3
	11
	6, 11
	Mean (5, 0)
	

	4
	11
	6, 11
	Mean (5, 0)
	

	5
	11
	11
	0
	

	6
	16
	11,16
	Mean (5, 0)
	

	7
	16
	11,16
	Mean (5, 0)
	

	8
	16
	11,16
	Mean (5, 0)
	

	9
	16
	11,16
	Mean (5, 0)
	


Table 2-7 the gain list and the average gain for PRACH configuration 7

	PDCCH Order time
	Transmit Preamble Time  following current specification
	Possible Transmit Preamble Times  with our proposal
	Average Latency gain list(ms)
	Average gain for PRACH configuration 7 (ms)

	0
	7
	2, 7
	Mean(5, 0)
	Mean (2.5, 0, 2.5, 2,5, 2,5,    etc)= 2ms 

	1
	7
	7
	0
	

	2
	12
	7, 12
	Mean(5, 0)
	

	3
	12
	7, 12
	Mean(5, 0)
	

	4
	12
	7, 12
	Mean(5, 0)
	

	5
	12
	7, 12
	Mean(5, 0)
	

	6
	12
	12
	0
	

	7
	12
	12, 17
	Mean(5, 0)
	

	8
	12
	12, 17
	Mean(5, 0)
	

	9
	12
	12, 17
	Mean(5, 0)
	


Table 2-8 the gain list and the average gain for PRACH configuration 8

	PDCCH Order time
	Transmit Preamble Time  following current specification
	Possible Transmit Preamble Times  with our proposal
	Average Latency gain list(ms)
	Average gain for PRACH configuration 8 (ms)

	0
	8
	3, 8
	Mean(5, 0)
	Mean (2.5, 0, 2.5, 2,5, 2,5,    etc)= 2ms 

	1
	8
	3, 8
	Mean(5, 0)
	

	2
	8
	8
	0
	

	3
	13
	8, 13
	Mean(5, 0)
	

	4
	13
	8, 13
	Mean(5, 0)
	

	5
	13
	8, 13
	Mean(5, 0)
	

	6
	13
	8, 13
	Mean(5, 0)
	

	7
	13
	13
	0
	

	8
	18
	13, 18
	Mean(5, 0)
	

	9
	18
	13, 18
	Mean(5, 0)
	


Table 2-9 the gain list and the average gain for PRACH configuration 9

	PDCCH Order time
	Transmit Preamble Time  following current specification
	Possible Transmit Preamble Times  with our proposal
	Average Latency gain list(ms)
	Average gain for PRACH configuration 9 (ms)

	0
	7
	4, 7
	Mean(3, 0)
	Mean (1.5, 1.5, 3.67, 2, 2, 2, 1.5, 1.5, 1.5, 3)= 2.017ms 

	1
	7
	4, 7
	Mean(3, 0)
	

	2
	11
	4, 7, 11
	Mean(7, 4, 0)
	

	3
	11
	7, 11
	Mean(4, 0)
	

	4
	11
	7, 11
	Mean(4, 0)
	

	5
	11
	7, 11
	Mean(4, 0)
	

	6
	14
	11, 14
	Mean(3, 0)
	

	7
	14
	11, 14
	Mean(3, 0)
	

	8
	14
	11, 14
	Mean(3, 0)
	

	9
	17
	11, 14, 17
	Mean(6, 3, 0)
	


Table 2-10 the gain list and the average gain for PRACH configuration 10

	PDCCH Order time
	Transmit Preamble Time  following current specification
	Possible Transmit Preamble Times  with our proposal
	Average Latency gain list(ms)
	Average gain for PRACH configuration 10 (ms)

	0
	8
	2, 5, 8
	Mean(6, 3, 0)
	Mean (3, 1.5, 1.5, 3.67, 2, 2, 2, 1.5, 1.5, 1.5)= 2.017ms 

	1
	8
	5, 8
	Mean(3, 0)
	

	2
	8
	5, 8
	Mean(3, 0)
	

	3
	12
	5, 8, 12
	Mean(7, 4, 0)
	

	4
	12
	8, 12
	Mean(4, 0)
	

	5
	12
	8, 12
	Mean(4, 0)
	

	6
	12
	8, 12
	Mean(4, 0)
	

	7
	15
	12, 15
	Mean(3, 0)
	

	8
	15
	12, 15
	Mean(3, 0)
	

	9
	15
	12, 15
	Mean(3, 0)
	


Table 2-11 the gain list and the average gain for PRACH configuration 11

	PDCCH Order time
	Transmit Preamble Time  following current specification
	Possible Transmit Preamble Times  with our proposal
	Average Latency gain list(ms)
	Average gain for PRACH configuration 11 (ms)

	0
	6
	3, 6
	Mean(3, 0)
	Mean (1.5, 3, 1.5, 1.5, 3.67, 2, 2, 2, 1.5, 1.5 )= 2.017ms 

	1
	9
	3, 6, 9
	Mean(6, 3, 0)
	

	2
	9
	6, 9
	Mean(3, 0)
	

	3
	9
	6, 9
	Mean(3, 0)
	

	4
	13
	6, 9 ,13
	Mean(7, 4, 0)
	

	5
	13
	9, 13
	Mean(4, 0)
	

	6
	13
	9, 13
	Mean(4, 0)
	

	7
	13
	9, 13
	Mean(4, 0)
	

	8
	16
	13, 16
	Mean(3, 0)
	

	9
	16
	13, 16
	Mean(3, 0)
	


Table 2-12 the gain list and the average gain for PRACH configuration 12

	PDCCH Order time
	Transmit Preamble Time  following current specification
	Possible Transmit Preamble Times  with our proposal
	Average Latency gain list(ms)
	Average gain for PRACH configuration 12 (ms)

	0
	6
	2, 4, 6
	Mean(4, 2, 0)
	Mean (2, 2, 2, 2,  etc)= 2ms 

	1
	8
	4, 6, 8
	Mean(4, 2, 0)
	

	2
	8
	4, 6, 8
	Mean(4, 2, 0)
	

	3
	10
	6, 8, 10
	Mean(4, 2, 0)
	

	4
	10
	6, 8, 10
	Mean(4, 2, 0)
	

	5
	12
	8, 10, 12
	Mean(4, 2, 0)
	

	6
	12
	8, 10, 12
	Mean(4, 2, 0)
	

	7
	14
	10, 12, 14
	Mean(4, 2, 0)
	

	8
	14
	10, 12, 14
	Mean(4, 2, 0)
	

	9
	16
	12, 14, 16
	Mean(4, 2, 0)
	


Table 2-13 the gain list and the average gain for PRACH configuration 13

	PDCCH Order time
	Transmit Preamble Time  following current specification
	Possible Transmit Preamble Times  with our proposal
	Average Latency gain list(ms)
	Average gain for PRACH configuration 13 (ms)

	0
	7
	3, 5, 7
	Mean(4, 2, 0)
	Mean (2, 2, 2, 2,  etc)= 2ms 

	1
	1
	3, 5, 7
	Mean(4, 2, 0)
	

	2
	9
	5, 7, 9
	Mean(4, 2, 0)
	

	3
	9
	5, 7, 9
	Mean(4, 2, 0)
	

	4
	11
	7, 9, 11
	Mean(4, 2, 0)
	

	5
	11
	7, 9, 11
	Mean(4, 2, 0)
	

	6
	13
	9, 11, 13
	Mean(4, 2, 0)
	

	7
	13
	9, 11, 13
	Mean(4, 2, 0)
	

	8
	15
	11, 13, 15, 
	Mean(4, 2, 0)
	

	9
	16
	11, 13, 15, 
	Mean(4, 2, 0)
	


Table 2-14 the gain list and the average gain for PRACH configuration 14

	PDCCH Order time
	Transmit Preamble Time  following current specification
	Possible Transmit Preamble Times  with our proposal
	Average Latency gain list(ms)
	Average gain for PRACH configuration 14 (ms)

	0
	6
	2, 3, 4, 5, 6
	Mean(4, 3, 2, 1, 0)
	Mean (2, 2, 2, 2,  etc)= 2ms 

	1
	7
	3, 4, 5, 6, 7
	Mean(4, 3, 2, 1, 0)
	

	2
	8
	4, 5, 6, 7, 8
	Mean(4, 3, 2, 1, 0)
	

	3
	9
	5, 6, 7, 8, 9
	Mean(4, 3, 2, 1, 0)
	

	4
	10
	6, 7, 8, 9, 10
	Mean(4, 3, 2, 1, 0)
	

	5
	11
	7, 8, 9, 10, 11
	Mean(4, 3, 2, 1, 0)
	

	6
	12
	8, 9, 10, 11, 12
	Mean(4, 3, 2, 1, 0)
	

	7
	13
	9, 10, 11, 12, 13
	Mean(4, 3, 2, 1, 6)
	

	8
	14
	10, 11, 12, 13, 14
	Mean(4, 3, 2, 1, 7)
	

	9
	15
	11, 12, 13, 14, 15
	Mean(4, 3, 2, 1, 0)
	


Table 2-15 the gain list and the average gain for PRACH configuration 15

	PDCCH Order time
	Transmit Preamble Time  following current specification
	Possible Transmit Preamble Times  with our proposal
	Average Latency gain list(ms)
	Average gain for PRACH configuration 15 (ms)

	0
	9
	9
	0
	Mean (0, 0, 0, 0, 10, 10, 10, 10, 0, 0 etc)= 2ms 

	1
	9
	9
	0
	

	2
	9
	9
	0
	

	3
	9
	9
	0
	

	4
	29
	9, 29
	Mean(20, 0)
	

	5
	29
	9, 29
	Mean(20, 0)
	

	6
	29
	9, 29
	Mean(20, 0)
	

	7
	29
	9, 29
	Mean(20, 0)
	

	8
	29
	29
	0
	

	9
	29
	29
	0
	

	10
	29
	29
	0
	

	11
	29
	29
	0
	

	12
	29
	29
	0
	

	13
	29
	29
	0
	

	14
	29
	29
	0
	

	15
	29
	29
	0
	

	16
	29
	29
	0
	

	17
	29
	29
	0
	

	18
	29
	29
	0
	

	19
	29
	29
	0
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