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Gains from Setup of a Concurrent Downlink TBF using 
Immediate Assignment for Reduced Latency TBF
1. Introduction
The possibility to indicate support for one phase access have been much discussed e.g. during the GERAN#36 meeting in [2], during the GERAN2#36bis meeting in [3] and for the GERAN#37 meeting in [4].  With the possibility for the MS to report RTTI and FANR support in EGPRS Packet Channel Request, it becomes possible for the network to assign RTTI and FANR TBFs during a one-phase access. 
The missing part is the updates needed to Immediate Assignment, which was originally proposed at the GERAN#37 meeting in [7] and, after discussions and modifications to align with [4], is presented at the GERAN2#37bis meeting in [8]. This will result in that reduced latency can be achieved from the very first block in new TBF(s) setup with a one-phase access over CCCH. 
In addition, [7] and [8] also presents the new idea of assigning both and UL and a DL TBF in one Immediate Assignment message. The intent of this paper is to highlight the benefits in this concurrent setup of a DL TBF.
2. Proposal
For any traffic type that is either bi-directional (VoIP, conversational Video etc) or of request response type (HTTP, POP/SMTP etc.) it is fairly obvious that data will be flowing in not only one, but both directions and thus that TBFs needs to be assigned in both directions. This is definitely also true for any TCP-based application with TCP ACKs going in the opposite direction as the data flow. Thus, if initiating an uplink TBF, sooner or later a downlink TBF will need to be set-up as well. 

In [8] it is proposed to allow for the possibility to assign a concurrent downlink TBF while setting up the uplink TBF by adding some extra information fields to the Immediate Assignment message. Some benefits in assigning the downlink TBF in this manner is given in the next section.
3. Benefits
Benefit 1: Reduced setup time for DL TBF
Consider for example the case of some kind of a request-response type of traffic where the mobile initiates a session. As argued before, this is applicable to almost any kind of traffic. It could e.g. be HTTP requests in the UL and responses in the DL or perhaps TCP data in the uplink and TCP acks in the downlink etc. This situation is illustrated in Figure 1 below where a comparison is done between the concurrent UL and DL TBF setup as suggested by [8] to the case when only UL TBF is setup in Immediate Assignment and thus the DL TBF needs to be set up separately.
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Figure 1 - Comparison of the proposed concurrent UL and DL TBF setup by immediate assignment in one phase access as suggested by [8] (black) to the case when only UL TBF is setup in Immediate Assignment and thus the DL TBF needs to be set up separately (grey + black).
As can be seen from the picture, the gain may be as large as 70ms when comparing the possible first reception time of the first downlink data block. 
Benefit 2: Reduced PACCH Load
From the situation described in the previous section and illustrated Figure 1 on the preceding page, it should also be clear that the total amount of control signaling is reduced by the proposed method. This reduces the overall PACCH load and decreases the system throughput as more radio blocks will be wasted. When having multiple users on the same resources, the downlink blocks can thus be used for other mobiles rather than sending PACCH blocks to this mobile, such as Packet Downlink Assignment.
Benefit 3: Reduced Failure Rate
Also, the chance of one message (the Immediate Assignment) being successfully received is much higher than two messages (the Immediate Assignment AND the Packet Channel Assignment) both being received correctly. If making the somewhat simplified assumption that the radio conditions are similar on the uplink and on the downlink at the time when both of these messages are sent, then  the failure rate will increase from BLERCS-1 to 1-(1-BLERCS-1)2. This is illustrated in Figure 2 below.
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Figure 2
Comparison of the expected failure rate for the proposed concurrent UL and DL TBF setup as suggested by [8] to the case when only UL  and  DL TBF needs to be set up separately.
Although a little simplified assumptions on the radio condition, it is nevertheless evident that the impact may be significant. In Figure 2 above, an almost 2dB gain is shown – a number which should not be taken too exactly since it is calculated rather than simulated. Nevertheless it is obvious from the above reasoning and from the figure, that it a clear improvement.
4. Conclusions

In many situations and for most traffic types, it is extremely likely that data will be going in both directions and thus that a TBF needs to be assigned both in uplink as well as in downlink. The method proposed in [8] suggests setup of the DL TBF at the same time as for the UL TBF when using one phase access. This is done by adding extra optional information elements to the Immediate Assignment message. In doing so, as much as 70ms could be saved on an initial access time when no TBFs are set up from the beginning. 
Also, the amount of control messages sent and thus the PACCH load is decreased. When having multiple users on the same resources, the freed downlink blocks can thus be used for other mobiles thus increasing the system throughput.  
In addition, a significant reduction in the expected failure rate of the joint UL and DL TBF establishment could be expected. This is because of the fact that only one rather than two control messages are transmitted on the PACCH.
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Downlink Data without concurrent DL TBF setup.
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