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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:

· Study enhancements to the E-UTRAN radio system in order to: 

· Significantly reduce the packet data latency over the LTE Uu air interface for an active UE

· Significantly reduce the packet data transport round trip latency for UEs that have been inactive for a longer period (in connected state).  

In this contribution, we will first analyze the downlink reception latency for unsynchronized UEs, and then discuss the possible solutions to reduce the downlink reception latency.
2
Discussion
2.1
Downlink reception latency for unsynchronized UEs
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 1 as below.

Table 1: 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 shows that in the current LTE system, for an unsynchronized UE, the downlink reception latency is even larger than the uplink transmission latency. To reduce the packet data transport round trip latency for UEs that have been inactive for a longer period, solutions need to be considered to reduce the downlink reception latency for unsynchronized UEs.
Observation: To reduce the packet data transport round trip latency for UEs that have been inactive for a longer period, solutions need to be considered to reduce the downlink reception latency for unsynchronized UEs.
2.2
Possible solutions to reduce the downlink reception latency for unsynchronized UEs
2.2.1
Solution 1: Reduced Interval between PDCCH order and preamble transmission
When downlink packet data for an unsynchronized UE arrives, the eNB first needs to send a PDCCH order to trigger a random access procedure to enable the UE to get uplink synchronization. After the reception of the PDCCH order, the UE will prepare the preamble transmission but the UE cannot select a PRACH occasion before n+6 according to the current specification [3], as follow:
	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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Figure 1: Reduced Interval between PDCCH order and preamble transmission
To reduce the downlink reception latency for the unsynchronized UE, one simple ways is to reduce the interval between the PDCCH order and the preamble transmission, i.e. to be less than 6ms, as shown in Figure 1. By this way, the UE with more powerful processing capability will be able to transmit the preamble quicker after the reception of the PDCCH order. Correspondingly, the eNB needs to prepare for the random access preamble detection soon after sending the PDCCH order.
2.2.2
Solution 2: Combined transmission of DL packet and PDCCH order
As illustrated in Figure 2, in this solution, when DL packet data for an unsynchronized UE arrives, the eNB will send the PDCCH order together with the PDCCH for DL packet scheduling in the same subframe. By this way, the downlink reception latency for the unsynchronized UE could be reduced as the eNB doesn’t have to delay the DL packet scheduling after the accomplishment of uplink synchronization of the UE. Alternatively, the PDCCH order information (i.e. the dedicated preamble) can be encapsulated into the MAC PDU together with the DL packet data, and in this case only one PDCCH will be consumed. 
Same as the current procedures, after the reception of the PDCCH order, the UE will select a PRACH occasion and then perform the random access preamble transmission. The eNB can regard the random access preamble transmission as kind of HARQ ACK/NACK information for the DL packet transmission. In case the DL packet transmission was failed, the eNB may perform the DL packet retransmission after the accomplishment of uplink synchronization of the UE. 
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Figure 2: Combined transmission of DL packet and PDCCH order
After the UE achieves the uplink synchronization, as today, the eNB may perform the subsequent DL schedulings if there are a large amount of DL packets to transmit, and the UE may report the HARQ ACK/NACK feedbacks as well as the potential RLC ACKs. 
This solution is especially beneficial for the small data transmission scenario, where in general one DL transmission opportunity is enough when DL packet data arrives.
3
Conclusion
In this contribution, we first analyzed the downlink reception latency for unsynchronized UEs, and we have the following observation:

Observation: To reduce the packet data transport round trip latency for UEs that have been inactive for a longer period, solutions need to be considered to reduce the downlink reception latency for unsynchronized UEs.

We then identified the following two possible solutions to reduce the downlink reception latency for unsynchronized UEs:
· Solution 1: Reduction of the interval between PDCCH order and random access preamble transmission
· Solution 2: Combined transmission of DL packet and PDCCH order
We have the following proposal:

Proposal: Agree to reduce the downlink reception latency for unsynchronized UEs.
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