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Introduction

In this document, we consider the impact certain scheduling schemes have on Node-B, UE functionality, and on overall system. We concentrate on the aspect of scheduling load in downlink incurred by UE specific reconfiguration scheduling scheme. Also, the question on number of signalling channels UE needs to monitor in case of UE specific reconfiguration is addressed. The simulation results suggest that only a few grant channels are needed at the same time, and that UEs need to monitor only a fraction of the grant channels, without performance loss.
Impact on Node-B

Downlink Signalling Options

This section provides an overview of the E-TFCS signalling options presented in Section 7.5 in [3] and more detailed in [1]. The following options are considered

· Signalling on a New Code Channel
In this scenario, the scheduling message is sent on the new channel, on a separate OVSF code. The uplink signalling bits can be sent on a new downlink code channel on a new dedicated code channel for each UE, or on a new shared code channel. From a Node‑B perspective, the advantage of this approach is that there is no impact on Rel-5 physical channels. 

· Signalling Multiplexed on Existing Channel

EUL signalling bits are embedded into existing downlink code channel. This can be done by puncturing DPDCH bits or by introducing a new downlink DPCH slot format. There is no consumption of additional downlink codes. However, additional DPDCH power is required, which may result in additional downlink interference.

Transmission Power

It is shown in [2] that from the average transmission Ec/Ior perspective, the UE specific addition/deletion approaches perform better than UE specific reconfiguration with signalling on a new common control channel. However, from an instantaneous transmission Ec/Ior perspective, the UE specific addition/deletion with signalling on a new common control channel performs better than UE specific reconfiguration with signalling on a new common control channel, which in turn performs better than the UE specific addition/deletion with signalling on a new DPCH slot format. 

It is also shown that the instantaneous transmission Ec/Ior for UE specific addition/deletion with signalling on a new DPCH slot format approach is larger than that for 12.2 kbps DTCH. This implies that the EUL field needs to be transmitted at a different power offset than the DPDCH or that more symbols need to be allocated to the EUL field. This also implies that if a 12.2 kbps DTCH is not present, the instantaneous transmission Ec/Ior overhead for UE specific addition/deletion with signalling on a new DPCH slot format can be significant. It is worth noting that the dual-state “up/down” signalling can reduce the instantaneous and the average transmission Ec/Ior for addition/deletion with signalling on a new DPCH slot format and addition/deletion with signalling on a new common control channel.

UE Impact

To reduce the operation complexity, from a UE perspective, it is desirable to monitor as few downlink signalling channels as possible. The major concern has been tied to the UE specific reconfiguration, where multiple grant channels have to be monitored. We address this concern in the following section by presenting the system performance where the number of monitored channels is limited.

System Impact

In general, the major quoted drawback of the UE specific reconfiguration is the higher downlink overhead than the addition/deletion schemes. In this section, we address this concern by presenting the system performance where the number of grant channels is limited.
The simulation setup is provided in Table 9.4.1.1.1 in [3], for full buffer and 2 ms TTI. The number of grant channels transmitted on downlink and the number of grant channels monitored by UE is limited to 2, 3, 4 or 6.

Figure 1 presents the average cell throughput as a function of rise-over-thermal noise (RoT), when the number of grant channels is limited to 2, 4 and 6, and there is no limitation on the number of monitored channels by UEs (all channels are monitored). It can be seen that there is almost no difference in the cell throughput for all cases. Very similar results are observed in Figure 2, where number of UE monitored channels is restricted to 2 for 3 and 4 grant channels. Figure 3 shows the average cell throughput in terms of target (offered) load. The cases with 4 and 6 grant channels perform exactly the same, while the throughput with 2 grant channels is slightly lower. The reason for this is that in the case of two grant channels sometimes the UEs that are top two on the priority list can not fill-up the available uplink resources, resulting in the lower throughput for the given target resource. The loss is not observed in Figure 1 and Figure 2, since the smaller used resources result in smaller RoT, as well as in throughput.

Figure 4 shows the pdf of the average number of simultaneously transmitting UEs at the RoT operating point of around 4.5 dB. The number of simultaneously transmitting UEs includes both granted transmissions and autonomous HARQ retransmissions. We can see that there is no difference between limiting the number of grant channels to 4 and 6, implying that more than 4 grant channels are not used.

In Figure 5 we present the RoT overshoot, defined as the probability of RoT being higher than 7 dB. Again, there is no difference between limiting number of grants to 4 and 6. Higher overshoot at lower RoT for 2 grant channels is the result of higher occasional instantaneous data rates, since for the same average RoT, target load is higher than for 4 and 6 grants. At higher RoT (and higher target loads), 2 grants cannot always fill-up the available resources, resulting in the lower RoT overshoot.

Figure 6 shows that the fairness, defined as the CDF of the normalized UEs throughputs, does not change much by limiting number of grants to 2, 4 or 6.

In conclusion, limiting the number of grant channels to as low as 2 does not influence system performance, and minimizes the scheduling downlink overhead.
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Figure 1: Average cell throughput as a function of RoT with 2, 4 and 6 grant channels
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Figure 2: Average Cell throughput as a function of RoT with 2, 3 and 4 grant channels and restricted number of UE monitored channels
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Figure 3: Average Cell throughput as a function of the target (offered) load with 2, 4 and 6 grant channels and restricted number of UE monitored channels
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Figure 4: PDF of the average number of simultaneously transmitting UEs with 2, 4 and 6 grant channels
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Figure 5: RoT Overshoot with 2, 4 and 6 grant channels
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Figure 6: Fairness curves for 2, 4 and 6 grant channels

Summary

In general, the major quoted drawback of the UE specific reconfiguration is the higher downlink overhead than the addition/deletion schemes and requirement on UE to monitor many grant channels. The simulation results presented in this document show that only a few grant channels are needed at the same time. It is also shown that UEs need to monitor only a fraction of the grant channels, without performance loss. Therefore, the downlink signalling overhead is only required for a small number of scheduled UEs, rather than for all UEs in case of continuously updated TFCS. Hence, the analysis of the downlink scheduling load for the UE specific reconfiguration suggests that this aspect is not a limiting factor for this scheduling mechanism.
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