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1 Introduction

The study of fast uplink access solutions are within the scope of rel-13 LTE latency reduction study item [1]. This contribution aims to provide an outline of a contention access solution for active UEs and UEs that have been inactive a longer time, but are kept in RRC Connected. Contention access was shown in rel-10 LTE latency reduction working item [2-5] to be potential solution to reduce user plane latency to 5.5 ms if no re-transmission time occurs. This is faster than that the minimum dormant to active transfer time of 9.5 ms assuming maximum configured Scheduling Request (SR) periodicity of 1 ms for the scheduled UL transmission. Another advantage of contention access solution is a more efficient resource utilization compared to the scheduling request solutions and pre-scheduling solutions supported by the standard today. Further, contention access solution may be applicable with and without preserving the current TTI length and processing times

2 Discussion
Contention access on UL can be done re-using PUSCH physical channel, and will be referred as Contention-Based (CB)-PUSCH in this contribution. The UEs can be assumed to be synchronized on the UL via specified UL timing alignment procedures. Contention-access should be readily applicable to shortening of TTI as it is based on PUSCH. 
A UE can transmit on contention access using Contention-Based uplink grants if it does not have a dedicated UL grant. A UE may start transmitting packets on contention access and switch to transmitting on scheduled access based on its Buffer Status Report (BSR). The contention access scheme is illustrated below
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Figure 1.  Contention access transmission

1. eNB configures contention resources for UEs by broadcast or dedicated signalling 

2. eNB schedules a CB UL grant address to UE(s)

3. UE(s) transmit data on CB-PUSCH based on CB UL grant
The first step in above contention access procedure does not add to user plane latency as it only needs to be done infrequently. The last two steps may take 5.5 ms including transmission time over the air interface and processing time in eNB and UE and are the RAN part of the user plane latency. In case the server running the application is closed to the RAN, the user plane latency could be close to 6.5 ms assuming core network latency of 1 ms between eNB and S/P-GWs. In case TTI shortening is considered, the user plane latency could be further reduced.   

The main problem of CB-PUSCH is the aftermath of collision. However, unlike conventional collision-based transmission, it is possible to correctly decode the data from CB-PUSCH even though more than 1 UE transmit simultaneously (Please refer to the simulation results in Appendix A). The eNB may determine which UE is transmitting based on the cyclic-shifting property of pilot tones selected by the UE for CB-PUSCH transmission. The eNB performs channel estimation based on the received pilot tones and then performs data decoding. Since the pilot tones are cyclic shifted per UE, they can be correctly decoded when multiple pilot tones occupy the same resource block. Our simulation results showed that, if the UL transmission load is controlled, the packet decoding performance is acceptable (e.g., PER = 10-2).
CB-PUSCH will not require a new physical channel. Some system design aspects as listed below and further discussed in the next section will need to be further considered. This is by no means an exhaustive list, and other aspects will be addressed in further contributions. 

· Contention resource configuration and allocation
· Contention access acknowledgment

·  Contention access re-transmission 
· UL power control 
3 System Design Aspects of Contention Access
In this section, we discuss the system design aspects of contention access transmission, including contention access resource configuration and allocation, acknowledgement and retransmission, and UL power control. 
3.1 Contention resource configuration and allocation

In contention access transmission, a CB-PUSCH is allocated and shared among a group of CB UEs. The CB-PUSCH is addressed to the group of UEs based on a new RNTI referred to as CB-RNTI via a new DCI format on PDCCH. Multiple contention resource configurations may be configured by the eNB. It seems preferable to optimize contention resource allocation for groups of UEs based on various considerations – e.g. traffic type, channel conditions, latency requirements, and so on. There could be multiple CB-RNTIs assuming multiple CB groups are supported.  
As mentioned in introduction section, collision is a known problem in contention access. A common solution is to increase the contention access transmission opportunities for CB-PUSCH to reduce the collision probability. The UE that is intended to transmit UL CB data can randomly choose one transmission opportunity among all the granted opportunities in a TTI. There are three possible configuration options:
· Option-1: Multiple CB-PDCCH grants
· Option-2: A CB-PDCCH grant that carries multiple transmission opportunities explicitly 
· Option-3: A CB-PDCCH grant that carries multiple transmission opportunities implicitly
In Option-1, Rel-8/9 PDCCH can be applied directly. In Option-2, a new PDCCH format is required if explicit indication is used. In Option-3, UE implicitly derives the opportunities from a single PDCCH grant. For example, if a PDCCH allocates 18 PRBs and each CB grant unit is 6 PRBs, the UE can figure out that three opportunities are given. From the point of view of standardization effort, Option-1 has lowest impact but will require higher PDCCH overhead. Option-2 and 3 allow more efficient L1 signalling, with the latter option suiting scenarios where it is not needed to change contention resource allocation frequently.

3.2 Contention access acknowledgement

There are two possible acknowledgement options for CB-PUSCH:
· Option-1: PHICH-based acknowledgement
· Option-2: MAC CE-based acknowledgement
Option-1, PHICH-based acknowledgement, is a HARQ-like operation. As discussed above, more than one UL CB data can be successfully decoded even though they are transmitted simultaneously. Therefore, it seems inappropriate to use PHICH to indicate the acknowledgement because only 1-bit information (i.e., ACK or NACK) can be carried. 
In option-2, a new MAC CE can be defined to carry the acknowledgement as illustrated in Figure 2. If multiple UL CB data are decoded, these MAC CEs for acknowledgement can be aggregated into a single MAC PDU that is broadcasted to a group of CB UEs to improve MAC signaling efficiency. The timing between CB-PUSCH transmission and MAC CE acknowledgement needs some consideration. A fixed timing can have shorter latency in case of detection failure but has the drawback of lower scheduling flexibility. Using a short window (similar to RA response window in Rel-8/9) may allow greater scheduling flexibility. 
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Fig. 2: Example of broadcasted MAC CEs
3.3   Contention Access Retransmission
In case that a UL data on CB-PUSCH is not decodable, there are two possible reasons: one is due to heavy contention and the other one is due to bad channel quality. The retransmission of contention access packets can be carried out in two considered ways 
· Option-1: HARQ retransmission
· Option-2: MAC retransmission 
In Option-1, the eNB will have to store all failed packets blindly and work out which UE transmitted and re-transmitted packets during HARQ Chase combining operations. This way is not preferred as is likely to have significant complexity.

In Option-2, the UE will initiate retransmission by choosing another contention access resource if no positive MAC CE acknowledgement is received Note 1. 
Note 1

The acknowledgement of contention access packets is explicit as described in previous section, whereas non-acknowledgement of contention access packets is implicit. The eNB cannot NACK packets on contention access when packet detection fails. Contention access packet needs to include a UE-specific identifier to uniquely identify the UE, but the UE-specific identifier requires the packet is successfully detected.    

During the retransmission, a random backoff scheme could be applied to reduce the collision probability. However, such backoff operation enlarges transmission latency and is not preferred way for low latency. The eNB can allocate more UL transmission opportunities in a CB-PUSCH to reduce collision probability.
3.4 Open-Loop UL Power Control
The power measurement is expected to be not highly reliable as CB-PUSCH transmission is an open-loop operation which further degrades the precision of power measurement. For this reason, open loop UL power control is preferred. The eNB may indicate the maximum transmit power in the cell by System Information Block (SIB). The UE determines its transmission power based on DL Path Loss (PL) measurement, Power Headroom (PHR), and maximum transmission power allowed in the cell.  In open-loop UL power control the UE does not send PHR reports as used in closed-loop UL power control. Further, the UE does not need to get regular Transmit Power Control (TPC) command via DCI format before transmitting.   
4 Conclusion
Based on the above discussions, it is proposed that contention access is considered for further study as a potential solution for faster UL access. This proposed solution direction could achieve a better compromise for lower latency and signaling overhead than current specified solutions. Further, contention access solution based on specified PUSCH physical channel may be applicable with and without preserving the current TTI length and processing times.
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6 Appendix A [5]
The simulation parameters are listed in Table A1. In the simulations, two scenarios are considered:
1. DM-RS collision-free case: two contending UEs simultaneously transmit data in the same resource blocks and choose different cyclic shift values. 

2. DM-RS collision case: two contending UEs simultaneously transmit data in the same resource blocks but choose the same cyclic shift value. 

For the DM-RS collision-free case, Figure 3 shows the PER performance of UE1 and UE2 for the case with the number of receive antennas equalling 2. In the simulation, UE1 is detected first by treating UE2 as an interfering source, since UE1 has stronger power (UE1 power/UE2 power = 3dB). Next, UE2 is detected after the step of interference cancellation. Therefore, if UE1 is correctly decoded, UE2 looks like just experiencing an AWGN channel. As shown in the figure, the working point, at PER=1%, for UE1 and UE2 is in the SINR range from 2 to 2.5 dB. When the number of receive antennas increases to 4, 2.5-dB and 1.5-dB SINR improvements for UE1 and UE2, respectively, could be acquired, as shown in Figure 4. Figures 5 and 6 show the simulation results for the collision case. Expectedly, if DM-RS collision happens, both of the two UEs fail to be detected. 
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Figure 3. PER performance for the collision-free case with 2RX.   Figure 4. PER performance for the collision-free case with 4RX.      

[image: image4.emf]-2 -1.5 -1 -0.5 0 0.5 1 1.5 2 2.5

10

-1

10

0

SINR (dB)

PER

UE 1 (3km/hr)

UE 1 (120km/hr)

UE 2 (3km/hr)

UE 2 (120km/hr)

 [image: image5.emf]-4 -3 -2 -1 0 1

10

-1

10

0

SINR (dB)

PER

UE 1 (3km/hr)

UE 1 (120km/hr)

UE 2 (3km/hr)

UE 2 (120km/hr)


Figure 5. PER performance for the collision case with 2RX.      Figure 6. PER performance for the collision case with 4RX.
Table A1. Simulation parameters.
	FFT size
	512

	Number of UEs
	2

	SIR (UE1 power/UE2 power)
	3 dB

	Number of used resource blocks
	2

	Number of UE antennas
	1

	Number of eNodeB antennas
	2 or 4

	Channel model
	TU-6

	Velocity of UE
	3 km/hr or 120 km/hr

	MCS
	ITBS = 5 (144 data bits, QPSK, 1/3 coding rate)

	Channel estimation
	1D-MMSE

	Receiver type
	MMSE+SIC

	Noise and interference estimations
	DM-RS based method


�








_1493186149.vsd
Text


CB grant


SCH


MAC CEs for CB acknowledgement


SCH


PDCCH for CB grant


DL i


DL i+1


UL i


UL i+1



