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1
Introduction
In RAN#67, a new Study Item on “Latency reduction techniques for LTE” [1] was approved, and one of the objectives is as follow:
· Fast uplink access solutions [RAN2]:

· for active UEs and UEs that have been inactive a longer time, but are kept in RRC Connected, focus should be on reducing user plane latency for the scheduled UL transmission and getting a more resource efficient solution with protocol and signaling enhancements, compared to the pre-scheduling solutions allowed by the standard today, both with and without preserving the current TTI length and processing times;
In this contribution, we will evaluate the uplink transmission latency of the current LTE system. We will also evaluate the problems of the pre-scheduling solution allowed by the standard today.
2
Discussion
2.1
Uplink transmission latency for synchronized UEs in the current LTE system
Based on Table B.1.2.1.1-1 in [2], assuming FDD frame structure and a PUCCH allocation for scheduling request of 1ms, we provide a uplink transmission latency analysis in Table 2.1-1 for a UE with uplink synchronization. In Table 2.1-1, we also provide the uplink transmission latency analysis with the pre-scheduling solution, i.e. for 1ms and 10ms pre-scheduling period respectively.
Table 2.1-1: Uplink transmission latency for synchronized UEs (error free)
	Component
	Description

	No pre-allocation [ms]
	1ms pre-allocation [ms]
	10ms pre-allocation [ms]

	1
	Average delay to next SR opportunity (1ms PUCCH cycle)
	0.5
	-
	-

	2
	UE sends Scheduling Request
	1
	-
	-

	3
	eNB decodes Scheduling Request and generates the Scheduling Grant
	3
	-
	-

	4
	Waiting for Scheduling Grant
	-
	0.5
	5

	5
	Transmission of Scheduling Grant
	1
	1
	1

	6
	UE Processing Delay (decoding of scheduling grant + L1 encoding of UL data)
	3
	3
	3

	7
	Transmission of UL data
	1
	1
	1

	
	Total delay
	9.5
	5.5
	10


The analysis illustrates that in the current LTE system, with a PUCCH allocation for scheduling request of 1ms, the uplink transmission latency for a synchronized UE is 9.5ms. With the pre-scheduling solution of 1ms period, the uplink transmission latency can be reduced to 5.5ms. However, with the pre-scheduling solution of 10ms period, the uplink transmission latency will increase to 10ms.
Observation 1: With a PUCCH allocation for scheduling request of 1ms, the uplink transmission latency for a synchronized UE is 9.5ms.
Observation 2: Pre-scheduling solution with 1ms period can reduce the uplink transmission latency to 5.5ms for synchronized UEs. Pre-scheduling solution with 10ms period or longer period cannot achieve the uplink latency reduction purpose. 
2.2
Uplink transmission latency and downlink reception latency for unsynchronized UEs in the current LTE system
For UEs that have been inactive for a long time, but are kept in RRC Connected, they might already lose the UL-SYNC. This means, they need to perform the RACH procedure before any uplink data transmission and downlink data reception.

Table B.1.2.1.2-1 in [2] provides an uplink transmission latency analysis for a UE without uplink synchronization, assuming FDD frame structure and 1ms PRACH cycle and 3ms Msg2 window. Table B.1.2.1.4-1 in [2] provides a downlink reception latency analysis for a UE without uplink synchronization. For the downlink initiated transition, a dedicated preamble is assumed and no contention resolution is needed. Here, we combine Table B.1.2.1.2-1 [2] and Table B.1.2.1.4-1 [2] into the Table 2.2-1.
Table 2.2-1: Uplink transmission latency and downlink reception latency for unsynchronized UEs (error free)
	Component
	Description
	Downlink [ms]
	Uplink [ms]

	1
	UE receives dedicated preamble on PDCCH and prepares UL Tx and cannot select a PRACH occasion before n+6
	6
	-

	2
	Average delay due to RACH scheduling period
	0.5
	0.5

	3
	RACH Preamble
	1
	1

	4
	Preamble detection and transmission of RA response (Time between the end of RACH transmission and UE’s reception of scheduling grant and timing adjustment)
	3
	3

	5
	Node B needs to wait 2 subframes before DL Tx to allow UE to adapt UL response according to the time alignment
	2
	-

	6
	UE Processing Delay (decoding of scheduling grant and timing alignment + L1 encoding of UL data)
	-
	5

	7
	Transmission of DL data
	1
	-

	8
	Transmission of UL data
	
	1

	
	Total delay
	13.5
	10.5


The analysis illustrates that in the current LTE system, with 1ms PRACH cycle and 3ms Msg2 window, the uplink transmission latency for an unsynchronized UE is 10.5ms. The analysis also illustrates that in the current LTE system, assuming a dedicated preamble is assumed and no contention resolution is needed, the downlink reception latency for an unsynchronized UE is 13.5ms, which is longer than the uplink transmission latency.
Observation 3: With 1ms PRACH cycle and 3ms Msg2 window, the uplink transmission latency for an unsynchronized UE is 10.5ms.
Observation 4: For unsynchronized UEs, the downlink reception latency is larger than the uplink transmission latency.

2.3
Problems of the pre-scheduling solution
As discussed in section 2.1, for pre-scheduling solutions, the pre-scheduling period should be less than 10ms in order to achieve the latency reduction gain. Assuming the packets inter-arrival time is 40ms in average and each packet will consume one PDCCH and one PUSCH, we can get the total amount of PDCCH and PUSCH consumption with different pre-scheduling period, as shown in Figure 1:
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Figure 2.3-1: PDCCH and PUSCH consumption for different pre-scheduling period
Figure 2.3-1 illustrates that with the 1ms pre-scheduling period, 40 PDCCH and 40 PUSCH will be consumed for only one uplink packet. It is obviously that the uplink latency reduction benefit caused by 1ms pre-scheduling period can’t justify the corresponding radio resource waste. In case the system load is high, it is doubtable whether the pre-scheduling solution with 1ms period is still feasible. SPS mechanism may be used for PDCCH overhead reduction. However, currently the minimal SPS period is 10ms, which is too long for uplink latency reduction.
For the pre-scheduling solution, according to the current specification, the UE will anyway send something e.g. Padding and/or Padding BSR on the pre-scheduled uplink resources even though there is no valid data to transmit. This will cause unnecessary UE battery consumption as well as unnecessary uplink interference.
Further more, the pre-scheduling solution can’t be used for unsynchronized UEs.

Observation 5: The pre-scheduling solution with smaller period has the following problems:

· Significant PDCCH overhead
· Unnecessary uplink PUSCH resource waste
· Unnecessary uplink interference
· Unnecessary UE battery consumption
· Not applicable for unsynchronized UEs

3
Conclusion
In this contribution, we evaluated the uplink transmission latency in the current LTE system, for both synchronized UEs and unsynchronized UEs. We also evaluated the problems of the pre-scheduling solution allowed by the standard today. We have the following observations:
Observation 1: With a PUCCH allocation for scheduling request of 1ms, the uplink transmission latency for a synchronized UE is 9.5ms.
Observation 2: Pre-scheduling solution with 1ms period can reduce the uplink transmission latency to 5.5ms for synchronized UEs. Pre-scheduling solution with 10ms period or longer period cannot achieve the uplink latency reduction purpose.
Observation 3: With 1ms PRACH cycle and 3ms Msg2 window, the uplink transmission latency for an unsynchronized UE is 10.5ms.
Observation 4: For unsynchronized UEs, the downlink reception latency is larger than the uplink transmission latency.

Observation 5: The pre-scheduling solution with smaller period has the following problems:

· Significant PDCCH overhead

· Unnecessary uplink PUSCH resource waste
· Unnecessary uplink interference
· Unnecessary UE battery consumption
· Not applicable for unsynchronized UEs
Based on the above observations, we have the following proposals:
Proposal 1: Study latency reduction solutions for uplink data transmission for both synchronized UEs and unsynchronized UEs.
Proposal 2: Study latency reduction solutions for downlink data reception for unsynchronized UEs.
Proposal 3: Capture the evaluations in this contribution into the TR.
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