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1 Introduction
As suggested in [1], one approach to improve both the user plane latency and dormant to active transition is to introduce contention based uplink transmission. This contribution presents a possible framework for contention based uplink transmission in LTE. A performance evaluation is also included to show the performance potential. 
2 Contention based uplink transmission
2.1 General
The goal with Contention Based (CB) transmission is to allow uplink synchronized UEs to transmit uplink data without sending Scheduling Request in advance. That would reduce both the latency and the signaling overhead. For small data packets, there could be a tradeoff point where a small packet is more efficiently transmitted on a CB channel, compared to a scheduled one.

A general property of CB channels is that the error rate increases, since data packets may collide with each other. Collisions reduce the maximum throughput of the channel and the throughput becomes sensitive to the offered load. If the offered load is allowed to increase beyond the channel capacity, the collision probability increases rapidly, the system becomes unstable and the throughput decreases. It is therefore of prime importance that CB transmissions do not interfere with Contention Free (CF) uplink transmissions, and that the eNB has effective and fast means of allocating the resources for CB transmission.

2.2 Resource allocation on PDCCH

One way to achieve the above is to allow CB transmission only in uplink Resource Blocks that have not been reserved for CF uplink transmission. Dynamic assignment of uplink Resource Blocks for CB transmission can be achieved by using the Downlink Physical Control CHannel (PDCCH). By using the PDCCH, CB grants can be assigned to unused resources on a per subframe basis, so that scheduling of uplink CF transmissions is not affected. In this way, a static assignment of CB resources can be avoided, and CB resources can be dynamically assigned, depending on the uplink load.
Contention Based Radio Network Temporary Identifiers (CB-RNTI) are introduced to identify the CB uplink grants on the PDCCH. The CB uplink grants could have the same format as for Rel-8 UEs, i.e. specify Resource Blocks, Modulation and Coding Scheme and Transport Format to be used for the uplink CB transmission. Rel-10 UEs may listen for CB uplink grants addressed to these CB-RNTIs in addition to grants addressed to their dedicated C-RNTI. The available CB-RNTIs in a cell could be either broadcasted or signaled to each UE during RRC connection setup. The scheme is backwards compatible, since pre Rel-10 UEs would not decode the grants addressed to CB-RNTIs.
2.3 UE identifier in MAC header

As a common resource is used, a unique UE identifier is needed in the MAC PDU to identify the UE. The C-RNTI MAC Control Element can be added to each MAC PDU transmitted on a CB uplink resource.  
2.4 Transmission scheme

A UE should only be allowed to transmit on CB uplink grants if it does not have a dedicated CF grant. The UE should only be allowed to use CB resources for a limited number of subframes, to improve collision resolution. In parallel to the CB transmission, the UE can also transmit a Scheduling Request to request contention free resources. Note however that in order to maintain the single carrier uplink property, these can not be transmitted in the same subframe.
The contention based transmission scheme could be as shown in Figure 1.
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Figure 1: Contention based transmission
1. eNodeB informs UE of available CB-RNTIs either by broadcast or dedicated signalling 

2. UE receives the CB-RNTIs and starts monitoring PDCCH for available CB grants
3. eNodeB schedules a CB grant on the PDCCH

4. UE detects a CB grant and performs L2&L1 processing of the data to be transmitted
5. UE transmits the data on PUSCH

3 Performance evaluation

A transmission timeline of Rel-8 Contention Free transmission for a synchronized UE without a valid grant is shown in Figure 2. The figures represent best case technology potential, with error free transmission. For Contention Free transmission, the minimum PUCCH cycle of 5 ms is assumed. For CB transmission, a transmission opportunity (CB grant) in every subframe is assumed. The latency is reduced from 11.5 ms (Rel-8 estimate in [1]) to 5.5 ms by avoiding the Scheduling Request (SR) before uplink transmission.


[image: image2.emf]  Component  Description  Time   1  Average delay due to  TTI border  0.5   2  UE  reads   contention based Resource Blocks on PD CCH  1   3  UE Processing Dela y (decoding of scheduling grant  + L1 en coding of UL data )  3   4  Transmission of UL data  1    Total delay [ms]  5.5    

Data  

Component  Description  Time   1  Average  wating time for Scheduling Request opportunity  (5 ms PUCCH cycle)  2 .5   2  UE sends Scheduling Request    1   3  eNB decodes Scheduling Request and generates the Scheduling Grant  3   4  Transmission of Scheduling Grant  1   5  UE  Processing Dela y (decoding of scheduling grant  + L1 en coding of UL data )  3   6  Transmission of UL data  1    Total delay [ms]  11 .5    

SR  

SG  

Data  

Contention Free (Rel - 8)  

Contention Based  

CB SG  

UE  

eN ode B  

UE  

eN ode B  


Figure 2: Transmission timeline for best case contention free vs. contention based uplink transmission of synchronized user
Apart from the reduced latency, another benefit of the CB transmission is that it allows the UE to include the Buffer State Report (BSR) in the initial CB transmission. Thus, the eNB can make a proper scheduling decision faster than in the contention free case, where Scheduling Request and Scheduling Grant are first needed before transmission of the BSR.

3.1 TCP performance

Contention based uplink has the potential to improve downlink TCP performance during low load conditions. Uplink TCP ACKs during slow start mostly require Scheduling Request, as the uplink buffer is mostly empty. If these TCP ACKs could be transmitted with CB uplink grants, the transmission time of each uplink TCP ACK would be reduced by 6 ms. Counting over all the TCP ACKs during slow start, there is a perceivable gain. The slow start phase becomes faster, and the object bit rate for small to medium sized objects is increased. Preliminary simulation results in Table 1 show the potential to increase the downlink object bit rate by 5-25%, depending on object size and physical layer link rate. The simulations were made with a single user for 3GPP case 1, with MIMO.
Table 1: Downlink TCP performance evaluation
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4 Support for synchronized and unsynchronized UEs
In the proposed form, CB transmission is supported only for synchronized UEs. In this form, changes to the current specifications are expected to be small and would mainly affect the MAC and RRC specifications. As presented in section 3, there is a perceivable gain in e.g. TCP performance. 

Extending the concept to also cover unsynchronized UEs would require substantial changes to the physical layer specifications. For unsynchronized UEs, the transmissions would not fit within the subframe borders, and there would be a need for guard times to avoid overlapping transmissions. Also some form of preamble would be needed to synchronize the eNB receiver. The gain of extending CB transmission scheme to unsynchronized UEs is expected to be small. The gain for synchronized UEs comes from repetitions of the 6 ms difference. For unsynchronized UEs, this would come only once per transaction, as after this the UE would be synchronized. Therefore, we do not consider CB transmissions from unsynchronized UEs to be a worthwile solution.

5 Conclusions

We have presented a framework for contention based transmission in LTE. The use of the PDCCH to assign uplink resources for contention based transmission allows flexible assignment of contention based and contention free resources on a per subframe level. The performance evaluation shows that the contention based transmission scheme offers the possibility to reduce user plane latency, which is one of the 3GPP targets for LTE Advanced. We also studied the potential impact on downlink TCP performance.
We propose to discuss the concept of contention based transmission for synchronized UEs as one potential solution to reach the 3GPP target for LTE Advanced to improve user plane latency. 
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