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1
Introduction

This document is also submitted to RAN2 as R2-115095.

RAN#52 has approved a new WI on further enhancements to CELL_FACH, as a part of Rel-11. One of the research topics in this WI is the standalone feedback channel for the case when no uplink transmission occurs. During the RAN2#74 meeting, RAN2 as a working group has concluded that “Companies to focus on technical complexity of methods and further merit analysis to allow RAN2 to take a decision”. During the RAN2#75 meeting, a few topics were identified, which relate to when and how the standalone HS-DPCCH channel should be established.

In this paper we present the simulation results for different scenarios including the standalone HS-DPCCH/E-DCH channel. Based on that, we express  further views on how the standalone HS-DPCCH channel should be designed.

2
Simulation results

To clarify our proposals in section 3, we present simulations for a few cases. The following scenarios are considered:

1. No E-DCH channel is established and no CQI feedback are provided to the network regardless of any downlink or uplink activity. This is somewhat a hypothetical scenario to know the lower bound for HS-FACH performance.

2. The legacy Rel-8 behavior when the HS-DPCCH/E-DCH channel is established whenever the UE has data in its output buffer. In our scenario, the uplink data is the RLC ACK messages sent in response to received RLC PDUs.

3. The extended legacy procedure when the UE establishes automatically the HS-DPCCH/E-DCH channel as a result of downlink activity.

4. The HS-DPCCH/E-DCH channel is always present regardless of the activity in any direction. This scenario is needed to know the upper bound for the HS-FACH performance.

To study all these scenarios, we vary the mean file size from 250 bytes to 10 Kbytes. For the sake of clarity, the mean inter-arrival time is fixed to 5 seconds. The downlink channel rate is fixed to 40 Kbps when there are no CQIs; in turn, similar to [8], we vary the downlink rate as 1, 2.5, and 5 Mbps when the uplink CQIs are sent by the UE. The uplink HS-DPCCH/E-DCH channel setup time is set to 55ms, which is released automatically after 80ms of inactivity. Whenever the data burst arrives to the system, it is partitioned into the SDUs of the maximum size of 1200 bytes unless the burst is of the smaller size. In turn, the SDU is logically partitioned into the RLC PDUs of the maximum size of 300 bytes.  For the sake of modelling simplicity, each downlink RLC PDU requires the uplink RLC ACK message that triggers the uplink E-DCH channel. The total simulation time is 20 hours.

As can be seen from Table 1, for small packet sizes, there is almost no difference whether we have CQIs or not (scenario 1), and if we do, whether the uplink HS-DPCCH/E-DCH is triggered by the downlink transmission (scenario 3) or the uplink RLC ACK (scenario 2). Indeed, the time the UE needs to establish  the uplink channels equals the time the network needs to send at least one RLC PDU. Thus, very marginal improvement in the downlink performance comes at the expense of the slightly increased time the UE spends transmitting in uplink. As the mean packet size becomes smaller, we anticipate to have no performance improvement for scenario 3 over scenario 2. On the contrary, for larger packet size of up to 10Kbytes and lower downlink rates, early establishing of the HS-DPCCH/E-DCH channels start to compensate for the increased uplink usage. 

Table 1 – Simulation results for different scenarios.

	Mean file size [bytes]
	Downlink data rate in presence of CQI/ACK [Mbps]
	Total Rx time in downlink [%]
Scenario
	Total Tx time in uplink [%]
Scenario

	
	
	1

	2
	3
	4
	1
	2
	3
	4


	250
	1
	1,006
	0,986
	0,900
	0,058
	0
	2,579
	2,613
	100

	
	2.5
	
	1,005
	0,918
	0,040
	
	2,625
	2,659
	

	
	5
	
	0,997
	0,912
	0,040
	
	2,603
	2,638
	

	1000
	1
	3,971
	2,326
	1,241
	0,181
	
	2,712
	2,785
	

	
	2.5
	
	2,252
	1,158
	0,086
	
	2,631
	2,683
	

	
	5
	
	2,253
	1,139
	0,050
	
	2,636
	2,669
	

	10000
	1
	39,962
	3,778
	2,695
	1,679
	
	4,128
	4,194
	

	
	2.5
	
	2,883
	1,777
	0,679
	
	3,241
	3,307
	

	
	5
	
	2,588
	1,447
	0,354
	
	2,948
	2,981
	


The delay statistics presented in Figure 1 is another way to analyse the difference between legacy case and the case when the uplink HS-DPCCH/E-DCH channels are established automatically. As can be seen, there is almost no difference between them for small burst sizes. As the burst size becomes larger, early presence of the uplink channel starts to bring the gain when compared to the legacy case.  The difference in the average delay of 50ms between the scenario 4 and scenario 3 is explained by the uplink channel setup time that we assumed. In turn, the difference in the average delay of approximately 60ms between scenario 3 and scenario 2 is explained by the time the network needs to send the first RLC PDU without CQIs and HARQ feedback, RLC ACK for which will trigger later the establishment of the uplink channels.
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Figure 1 – Delay statistics for burst sizes of 250 bytes and 10 Kbytes under different data rates.

One of the major conclusions out of the presented results is that presence of the RLC ACKs for the AM mode anyway triggers the uplink HS-DPCCH/E-DCH channel establishment thus making it functionally close to the automatic or explicit uplink channel establishment. For small burst sizes, the majority of which we use to expect for a UE kept in the CELL_FACH state, automatic or the network controlled establishment of the uplink channels will not bring any noticeable performance gain. In fact, the gain measured in time, can be approximated by the mean RLC PDU size and the channel rate without the CQI feedback. At the same, some gain is observed for larger data bursts when HS-DPCCH/E-DCH is present as early as possible. Assuming the network caters for achieving a good performance under different application level traffic patterns, the network controlled establishment of the HS-DPCCH/E-DCH channels can avoid unnecessary early triggering of the uplink channels for small packets and provide the better performance whenever a large burst of data arrives. 

Another observation is that if the network signals or triggers the HS-DPCCH/E-DCH establishment, then the channel setup time can be reduced by providing the E-DCH resources index, which is not the case with the automatic channel establishment. In Figure 2, in addition to the scenarios already presented earlier in Figure. 1, there is another case – referred to as Scenario 3 (30 ms) – where the network asks to establish the HS-DPCCH/E-DCH channels only when the downlink burst size is as large as 10Kbytes. The assumption is that the channel establishment time can be reduced down to 30ms, or even less [7]. As can be seen, there is indeed an improvement in the packet delay performance. 
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Figure 2 – Delay statistics for burst sizes of 10 Kbytes under different data rates.

3
Considerations for the standalone HS-DPCCH/E-DCH

While analyzing the design of the standalone HS-DPCCH channel, one can identify a few conceptual topics with regards to how this  channel can be managed. In particular, similar to the analysis done in [1] and [2], the following questions should be answered.

1. Does  it make sense to have only the HS-DPCCH channel or should also the  E-DCH be established? 

2. Whether the HS-DPCCH/E-DCH channel should be established explicitly by the network or triggered automatically by the downlink transmission? 

3. What are the mechanisms to signal and/or trigger the HS-DPCCH/E-DCH channel establishment?

4. What are the mechanisms to signal the HS-DPCCH/E-DCH channel removal?

On question 1, our view is that also the E-DCH channel should be established instead of just HS-DPCCH. Similar to the reasoning provided in [6] and simulation assumption from section 2, it is highly anticipated that the downlink transmission will be followed by the RLC ACK (for the AM mode) and/or the application level acknowledgment, e.g., the TCP ACK. Thus, establishing the E-DCH channel already allows a UE to send uplink data without going through the additional procedure of reconfiguring the HS-DPCCH only transmission into E-DCH. It also allows to fully rely upon the existent common E-DCH resources without any further standardization efforts.

Proposal 1: A standalone E-DCH channel can be established based on conditions other than uplink data.

With regards to question 2, as considered in [1] and [2], there is a tradeoff between the downlink resource and scheduling efficiency coming from the presence of HS-DPCCH channel and the delay caused by that channel establishment. In particular, [1] proposes that “it would be acceptable to initiate the data transmission right away and simultaneously trigger the setup of the HS-DPCCH channel, if necessary”. However, we think it should be left for the network implementation for the reason that already now the Node B does not necessarily schedule immediately received data  but rather  lets its internal scheduler to  choose when to transmit. Based on that, the indication to establish the HS-DPCCH channel and data transmission may or may not happen at the same time. 

Yet the stronger argument is that the overall decision to establish the HS-DPCCH channel may depend on the application level traffic pattern. As presented eloquently by the simulation results, if a small data burst arrives to the Node B, the latter may decide not to establish HS-DPCCH at all for the reason of finished downlink transmission by the time the reliable uplink feedback channel exists. However, while the downlink transmission continues, yet another large burst of data arrives, which may trigger a Node B decision to establish HS-DPCCH. In this example, the HS-DPCCH establishment occurs even after the “first” downlink transmission. In a simpler scenario, whenever a burst of data arrives, Node B decides whether HS-DPCCH is needed and if so, whether it should be established prior to downlink transmission or only once reliable HS-DPCCH is detected.  Since it is impossible to predict application traffic patterns and burst sizes we will have when the Rel-11 functionality is deployed, we think that the HS-DPCCH channel should be controlled explicitly by the network to provide more freedom in adapting to varying application behavior.

It also bears mentioning that there are only 32 E-DCH resources for the CELL_FACH state. Even if the downlink data follows the uplink transmission, e.g., the RLC ACK, which may benefit from the established E-DCH channel, early establishing of the E-DCH channel will obviously result in less available E-DCH resources. Since we do not know whether and when a UE will generate the RLC ACK and whether there will be the application level data, an automatic establishing and keeping of the E-DCH channel can be a waste of resources. As an example, the large RLC status prohibit timer can delay sending the RLC ACK for the received PDU. 

Proposal 2: The HS-DPCCH/E-DCH channel establishment is controlled by the network.

Concerning a mechanism to signal the uplink resources, a few opinions are already expressed in [1], [2], and [3]. In particular, [1] raises a question on whether the conventional mechanism with the ramp-up procedure can be reused, which is also one feasible option expressed in [2]. A good overview of different mechanisms is given in [7].

To minimize the standardization impact, the legacy ramp-up procedure is indeed the best way forward. As an example, an HS-SCCH order can be sent to a UE to trigger the RACH access. However, the overall time it takes to go through the “HS-SCCH -> RACH -> AICH -> HS-DPCCH” procedure can be as long as 50 ms.  As presented in the simulation results, the uplink channel setup time has a direct impact on performance and, in particular, on the delay statistics. Thus, we foresee that a faster establishment mechanism might be beneficial. At the same time, improving the channel setup time from 55ms to, say, 20-30ms may have a marginal impact on the final application level performance taking all the realistic processing delays into account.

If there is a need for further channel setup time optimization, then similar to the idea expressed in [2], we think that the network can send the HS-SCCH order with the 5-bit E-DCH resource index thus eliminating the lengthy “RACH -> AICH” stage. There is a different approach proposed in [3], which involves the AICH channel. However, we lean towards the HS-SCCH order based solution as the one which is more reliable due the CRC protection and which does not create additional AICH collisions with regular RACH attempts. As defined in TS 25.212 [4], the HS-SCCH order format comprises two 3-bit fields, where the first one defines the type and the second one defines the order. So far, type ”1xx” is not used at all, thus potentially leaving 5 bits to indicate the E-DCH resource index.  As presented in [7], such an approach can reduce the channel establishment time to 16..26 ms.

Proposal 3: Study a solution based on the HS-SCCH order to facilitate fast HS-DPCCH/E-DCH establishment. 

One of the key features of the CELL_FACH state is that a UE does not transmit constantly in the uplink direction, as it does on contrary in CELL_DCH, providing a noticeable battery saving. Thus, the standalone HS-DPCCH/E-DCH channel should be terminated at some point to be as battery friendly as the legacy CELL_FACH state. Based on  the Proposal 1, the logical outcome is that we can also rely upon the existent Rel-8 mechanisms to terminate the HS-DPCCH/E-DCH channel.

Proposal 4: The network uses the legacy procedure  to terminate HS-DPCCH/E-DCH.

4
Conclusions

In this paper we have presented the simulation results for the downlink performance under different scenarios: no uplink feedback, the legacy case when the uplink channels are established when a UE has data to transmit, automatic uplink channel establishment based on the downlink activity, and the case when the uplink channel is present all the time. The outcome of the simulation results is that when the downlink burst size is very small, the performance is almost the same.  The presence of the uplink feedback channel and/or its early establishment starts to make sense when the downlink burst size is sufficiently large. 

As a summary of our view on the design of the standalone HS-DPCCH/E-DCH channel for the Rel-11 CELL_FACH UEs, we propose that:

Proposal 1: A standalone E-DCH channel can be established based on conditions other than uplink data.

Proposal 2: The HS-DPCCH/E-DCH channel establishment is controlled by the network.

Proposal 3: Study a solution based on the HS-SCCH order to facilitate fast HS-DPCCH/E-DCH establishment. 

Proposal 4: The network uses the legacy procedure  to terminate HS-DPCCH/E-DCH.
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�	The downlink Rx time does not depend on the assumed channel rate because a UE does not send at all uplink feedbacks. 


�	The relative uplink Tx time is always 100% because it is assumed that a UE sends constantly feedbacks.





