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1 Introduction

In the Universal Mobile Telecommunications System (UMTS) networks, CELL_FACH is one kind of states which belongs to the connected mode in the RRC Service States definition. UE, under the CELL_FACH state, is permitted to perform the limited operations. The usage and construction of channel is also constrained at UE side in the CELL_FACH state. Before the standardization in Rel-7, no dedicated physical channel is allocated for the UE, but RACHs and FACHs are used instead, for transmitting both signaling messages and small amounts of user-plane data in the CELL_FACH state. 
To reduce the latency associated with state changes, Rel-7 has improved the downlink performance by allowing HS-DSCH to be used also in the CELL_FACH state, which is frequently referred to as Enhanced CELL_FACH Operation. In Rel-8, this is further improved by also supporting HSPA functionality in the uplink through the usage of common E-DCH when being in the CELL_FACH state. Those enhancements in the CELL_FACH state have achieved the high-rate HSPA transmission in both downlink and uplink, which can result in a significant reduction in call-setup delay and a corresponding improvement in user perception.
Due to the service expansion of smart-phone in UMTS networks, it is necessary to demand network to enhance system performance in the CELL_FACH state. In this respect, a new WI was established on Further Enhancements to CELL_FACH [1] in the RAN#51 meeting. Meanwhile, RAN1has received a LS [2] from RAN2 where RAN2 has determined the following downlink sub-features on the WI on Further Enhancements to CELL_FACH:

· Downlink related improvements of resource utilization, throughput, latency and coverage
· Stand-alone HS-DPCCH without ongoing E-DCH transmission

RAN1 is instructed to focus on technical complexity of methods and further merit analysis to allow RAN2 to take a decision. So our purpose in RAN1 discussion is to figure out whether the gains are well worth the complexity for introducing the above downlink sub-feature into the network over the existing mechanisms in the CELL_FACH state.
In this contribution, we will discuss some issues about the operation of stand-alone HS-DPCCH in details. Our considerations mainly cover trigger mechanism, termination mechanism of HS-DPCCH, PRACH procedure and collision resolution.
2 Analysis of HS-DPCCH in CELL_FACH State
The HS-DPCCH is responsible for carrying both ACK/NACK information for the physical layer retransmissions and the channel quality information (CQI) to be used at NodeB scheduler to determine which UE(s) will be selected and what the data rate will be for the next transmission. The above information is crucial for the downlink transmission on HS-DSCH. If no CQI is obtained, NodeB will be unable to schedule terminal appropriately. Furthermore, the data rate cannot be adjusted instantaneously without CQI feedback. If ACK/NACK information is absent at transmitter, only blind retransmissions can be performed on HS-DSCH, which will reduce efficiency of the resource utilization and result in considerable loss in downlink throughput and coverage performance.
In the current release, the HS-DPCCH is allowed to transmit in the CELL_FACH state, but in a limited mode. Namely, only when the UE has uplink data to transmit on E-DCH, the HS-DPCCH can actually be activated to send control information to NodeB. This trigger mechanism theoretically has some potential problems:
· When uplink data on E-DCH is available, in most cases, there is no downlink data to be transmitted on HS-DSCH. If HS-DPCCH is activated on the basis of the presence of uplink data on E-DCH in this moment, the HS-DPCCH transmission will not make any sense and lead to the insignificance waste of resources, for there is no corresponding downlink transmission on HS-DSCH. 
· When uplink data on E-DCH is unavailable, but there is downlink data to be transmitted on HS-DSCH. If HS-DPCCH is not activated because of the absence of uplink data on E-DCH in this moment, no ACK/NACK and CQI information can be obtained at NodeB. NodeB can only perform the blind transmission/retransmission without appropriate scheduling and data rate adaptation which will absolutely lower the transmission efficiency on downlink. 
· When both uplink and downlink data is available to be transmitted on E-DCH and HS-DSCH respectively, the actual transmission of downlink data may not be accompanied by the current uplink data, for there may exist the cycle of collision resolution prior to the transmission of downlink data. In other words, the information (especially the CQI) carried by HS-DPCCH, which is activated by uplink data on E-DCH, may not precisely reflect the actual channel condition after the period of collision resolution when the downlink data on HS-DSCH can actually be transmitted. The above situation will degrade the system performance as well.
Based on the above consideration, we surely believe the existing trigger mechanism of HS-DPCCH in the CELL_FACH state is unreasonable in the current release. Thus the NodeB-specific manner, in which the NodeB has the initiative to trigger uplink transmission on HS-DPCCH according to the actual requirement on downlink data transmission on HS-DSCH, is certainly preferred in the current discussion. The latency, of course, in enabling HS-DPCCH transmission in response to downlink activity should be minimized [3]. Some desirable characteristics are concluded as follows:
· Uplink data transmission on HS-DPCCH should be activated in a NodeB-specific manner, namely based on the downlink activity rather than uplink activity [3].

· The delay between the start of HS-DPCCH trigger and the actual transmission of HS-DPCCH should be as short as possible.
· The corresponding operations of stand-alone HS-DPCCH (e.g. trigger and termination of HS-DPCCH) should not substantially affect the existing protocol stack.
· The corresponding operations of stand-alone HS-DPCCH (e.g. trigger and termination of HS-DPCCH) preferably implement in the form of centralized mode under the network control.
According to the above analysis, we will give detailed explanations on some hot issues in the next sections and try to figure out some solutions based on our discussion. 
3 Trigger Mechanism of Stand-alone HS-DPCCH
In this section, two alternatives, by which NodeB is permitted to trigger the HS-DPCCH transmission based on the downlink activity, will be reviewed. Meanwhile, the merit and defect of these candidate methods will be consecutively analyzed and outlined.
3.1
HS-SCCH order Trigger Mechanism
In this sub-section, we mainly review the trigger mechanism allowing NodeB to activate the HS-DPCCH transmission according to the HS-SCCH order in the CELL_FACH state. This kind of trigger mechanism has been mentioned at the RAN1#66 meeting [3] [4] [5] [6].
As interpreted in [3], when determining to activate the HS-DPCCH transmission, NodeB will send the trigger instruction via HS-SCCH order notifying the UE to setup its uplink channels. The HS-SCCH order should contain the required resource information (e.g. Common E-DCH resource index, PRACH preamble signature if PRACH procedure is performed and etc.) which will be used by UE. In the current release, however, the HS-SCCH order is excluded in the CELL_FACH state. If this trigger mechanism will be considered further, it is necessary to exploit sufficient reserved code-words in HS-SCCH order to carry the trigger information (required resource information at UE). 
It has been proposed that in the HS-SCCH order it indicates the 5 bit E-DCH resource identity that the UE should use [6]. In the previous argument, some negative views [6] appear against the HS-SCCH order trigger mechanism:
· In current specs, the HS-SCCH orders have been used for CPC, DC and 4C-HSDPA. And HS-SCCH order for 8C-HSDPA is discussing without conclusion. After the introduction of 8C-HSDPA, 5-bits resources for an HS-SCCH order are quite rare and RAN1 needs carefully evaluation to guarantee an efficient use of HS-SCCH order.
Anyway, the main problem mentioned above can be summarized as that the resource of HS-SCCH order is so limited that there are not enough resources in HS-SCCH order for triggering HS-DPCCH transmission. However, as it did in the case of latest discussion, the HS-SCCH order is extended by additional extended order type bit (2 bit) in the Draft CR of 25.212 [7]. The following information is transmitted by means of the HS-SCCH order physical channel:

-
Extended order type (2 bits):





xeodt,1, xeodt,2

-
Order type (3 bits):








xodt,1, xodt,2, xodt,3

-
Order (3 bits):









xord,1, xord,2, xord,3



-
UE identity (16 bits):







xue,1, xue,2, …, xue,16
The orders for activation/deactivation of Secondary serving HS-DSCH cells and Secondary uplink frequency in 8C-HSDPA altogether occupy 192 items in the extended version of HS-SCCH order. There are at least 56 items remaining for the indication of required resource information. In the context of 5 bit E-DCH resource identity, 32 items are required to finish the instruction of required resource information on uplink. Hence, the HS-SCCH order has adequate resource to trigger the HS-DPCCH transmission right now. 
Based on this trigger mechanism, UE should be configured to monitor HS-SCCH order in the CELL_FACH state. Decoding the HS-SCCH order reliably, in response, UE will setup its uplink channels and transmit HS-DPCCH on the uplink resource instructed by the valid resource identity in the HS-SCCH order. Meanwhile, AICH-1 is used for original function (e.g. random access procedure, PRACH procedure etc.).
The main benefits of this trigger mechanism are as: 
· The corresponding PRACH procedure (e.g. PRACH preamble ramping, PRACH cycles etc.) can be bypassed. In the current release, the HS-DPCCH transmission is only activated by the activity of uplink data. UE requests the activation and the corresponding uplink resources of HS-DPCCH to NodeB utilizing the PRACH preamble ramping procedure. Receiving the preamble signal successfully, in response, NodeB sends Acquisition Indicator (AI) and Extended Acquisition Indicators (EAI) back to UE through AICH to indicate the index of uplink resource that will be used by UE on HS-DPCCH transmission. If NodeB triggers HS-DPCCH, the NodeB will initiatively active HS-DPCCH and provide UE with uplink resource index in HS-SCCH order. Hence, there is no need to perform corresponding PRACH procedure. Some details about the removal of PRACH procedure will be discussed in Section 5.
· The current definition of HS-SCCH order in the existing release can still be reused to grant an uplink resource. As mentioned above, after the extension of extended order type in [7], HS-SCCH order already has enough bit resource to trigger the HS-DPCCH transmission right now. Thus, the existing downlink signalling mechanism of HS-SCCH order can still be used.
· The collision resolution can be ignored on uplink. Containing 16 bits UE identity information, which is the HS-DSCH Radio Network Identifier (H-RNTI), HS-SCCH order is addressed to a unique UE. In this case, other UEs will not response to the HS-SCCH order which is not belonging to them. So it is unnecessary to perform collision resolution in the operation. Further details of collision resolution will be considered in Section 6.
And the main drawbacks of this trigger mechanism are as:
· If HS-SCCH order cannot be correctly received at UE, some mistakes may happen which will lead to false operation. For example, when NodeB sends HS-SCCH order “01001000” (“01001000” is an unused code word in current release and we assume that “01001000” denotes one uplink resource index) to a 8C-HSDPA capable UE, but UE receives word “01000000” after decoding due to some mistakes. In this moment, UE will perform activation and deactivation of Secondary serving HS-DSCH cells and Secondary uplink frequency rather than transmit HS-DPCCH using corresponding uplink resource. Therefore, some further investigation should be executed to evaluate this potential defect.
From the analysis of merit and defect, we may think that the HS-SCCH order is a reasonable way to trigger the HS-DPCCH transmission.
3.2
AICH Trigger Mechanism
In this sub-section, we mainly review the trigger mechanism allowing NodeB to activate the HS-DPCCH transmission according to another AICH (AICH-2) in the CELL_FACH state. This kind of trigger mechanism has been mentioned at the RAN1#66 meeting [3].
It is proposed that [3] when AICH is used to trigger HS-DPCCH transmission, UE will monitor two independent AICHs which are distinguished according to different channelization codes in the CELL_FACH state:
· AICH-1: monitoring AI/EAI when UE transmits the PRACH preamble to NodeB. It is the original AICH which does not relate to the trigger mechanism of HS-DPCCH.
· AICH-2: monitoring triggering information at the ON period of the DRX cycle only.

It seems that AICH-2 is carrying the EAI which indicates the uplink resource used by UE. Once determining to activate the HS-DPCCH transmission, NodeB will send the trigger instruction via AICH-2 notifying the UE to setup its uplink channels. Detecting the EAI field on AICH-2 at the ON period of the DRX cycle reliably, in response, UE will setup its uplink channels and transmit HS-DPCCH on the uplink resource instructed by the valid resource identity in EAI field of AICH-2.
The main benefits of this trigger mechanism are as: 
· The corresponding PRACH procedure (e.g. PRACH preamble ramping, PRACH cycles etc.) can be bypassed. The interpretation for this merit is similar to the HS-SCCH order trigger mechanism.
· The current definition of EAI in AICH can still be reused to grant an uplink resource.
· The configuration of two independent AICHs will effectively avoid interference between these channels. As a result, the possibility of appearing false operation on triggering HS-DPCCH transmission is rare.
And the main drawbacks of this trigger mechanism are as:

· The collision resolution is inevitable when AICH trigger mechanism is deployed. If multiple UEs are in the ON period of the DRX cycle simultaneously, the EAI on AICH-2 from NodeB, which is intended to grant uplink resource for a specific UE, can be monitored by these UEs at the same time. Unlink the HS-SCCH order, not containing UE identity, the AICH-2 will be responded by the multiple UEs if the collision resolution is not adopted. The collision resolution procedure, of course, will certainly increase the unwilling latency.
· The additional AICH (AICH-2) will consume one more channelization code. Currently, the downlink code resources have been already scarce. The introduction of the extra channelization code will increase the burden on the downlink code resources and make the shortage of resources more serious.
· The Acquisition Indicator (AI) field is carrying dummy data in the AICH-2. Since no request or preamble is sent to NodeB from UE, there is no need for AI carrying any signature or confirmation to feedback to UE. Thus, if AICH-2 is coded according to the existing coding method in TS 25.212, the dummy data should always be inserted into the AI field which will to some extent lower the transmission efficiency.
In the following sub-sections we will further compare the two different mechanisms from aspects of PRACH procedure impact and collision resolution.
3.3
PRACH Procedure Impact
In the above sub-sections, we have discussed something about that the corresponding PRACH procedure (e.g. PRACH preamble ramping, PRACH cycles etc.) can be bypassed in the trigger mechanism based on the downlink activity. It should be noted that the PRACH procedure mentioned here is mainly responsible for establishment of uplink time synchronization. In response to the detected preamble signal from UE on PRACH, NodeB will transmit a message on AICH to UE, containing the time correction calculated by the receiver to achieve uplink synchronization. If the PRACH procedure certainly can be bypassed, some other approaches should be considered to establish uplink synchronization. 

Generally, when the PRACH procedure is skipped, the uplink synchronization will be established via inner loop power control of the transmission of DPCCH. According to [3], the required time for uplink synchronization with/without PRACH procedure has been estimated approximately. The results illustrate that the latency is reduced when PRACH procedure is skipped. Furthermore, unlike the LTE system, the preamble sequence is usually non-orthogonal to the transmission of uplink data in HSPA system while the random preamble in LTE is always orthogonal to the data transmission. Therefore, the transmission of preamble sequence in HSPA will interfere with the simultaneous transmission of uplink data. 

Then the drop of PRACH procedure would not only reduce the latency, but also avoid the interference impact caused by the PRACH preambles. Based on this consideration, we would prefer to a mechanism that the PRACH procedure at UE could be skipped when triggering stand-alone HS-DPCCH transmission in the CELL_FACH state.
3.4
Collision Resolution
When HS-SCCH order is used to trigger the HS-DPCCH transmission, collision resolution can be skipped. Contrarily, collision resolution should perform when AICH trigger mechanism is considered. 

The current realization of collision resolution is based on E-AGCH from the layer of MAC. If contention among different UEs happens inevitably, these UEs should compete with each other to win the right to be served. The process of collision resolution is performed through the like-ALOHA technology. Each UE will create a packet containing dummy data and encapsulate it into the MAC-i PDU at MAC layer with a MAC header which contains the identity of this UE, E-RNTI. Receiving the MAC-i PDU from UE, NodeB will discard the dummy data and extract the E-RNTI from MAC header at MAC layer. After obtaining the E-RNTIs of all UEs waiting to be served, NodeB will randomly select one E-RNTI* and code this E-RNTI* into CRC field in E-AGCH. Monitoring this E-AGCH, each UE will compare E-RNTI* to its own E-RNTI. If E-RNTI = E-RNTI*, it indicates that the current UE wins the competition and can transmit HS-DPCCH to NodeB. If E-RNTI ≠ E-RNTI*, contrarily, the current UE fails in the contention and waits for the next chance to transmit HS-DPCCH.

Because of the undesired latency resulted from collision resolution, we prefer to skipping the process of collision resolution. In this case, HS-SCCH order may become the preferable candidate.
Based on the above considerations, we can see that the HS-SCCH order trigger mechanism is much easier to achieve compared with the AICH trigger mechanism. Furthermore, the defect of AICH trigger mechanism reveals more negative factors than the HS-SCCH order trigger mechanism. So we propose that:
Proposal 1: Use HS-SCCH order to trigger the stand-alone HS-DPCCH transmission in the CELL_FACH state.

Proposal 2: If HS-SCCH order trigger is adopted, skip PRACH procedure at UE when triggering stand-alone HS-DPCCH transmission in the CELL_FACH state.
Proposal 3: If HS-SCCH order trigger is adopted, skip collision resolution when triggering stand-alone HS-DPCCH transmission in the CELL_FACH state.
4 Termination Mechanism of HS-DPCCH
In this section, we will discuss some mechanisms to release uplink resources on HS-DPCCH and complete the termination of HS-DPCCH transmission in the CELL_FACH state.
It is noted in [8] that it is preferable that one UE does not occupy the common resources for too long time in the HS-DPCCH transmission, especially when the resource is the common E-DCH resources, to allow for efficient utilisation of the common resources. Ideally the UE should release the resource and terminate the HS-DPCCH transmission as soon as it has finished transmitting the ACK/NACK information and CQI. 
Two alternatives of termination mechanism of HS-DPCCH are discussed emphatically:

· Implicit mode: In this mode, UE has the final say to autonomously decide when to terminate HS-DPCCH transmission. 
· Explicit mode: In this mode, NodeB or network has the final say to decide when to terminate HS-DPCCH transmission. NodeB can send an explicit command to UE at any time to instruct UE to release the uplink resources on HS-DPCCH and terminate the HS-DPCCH transmission.
Next, we will give detailed description about the two release mechanisms.
4.1
Implicit Release Mechanism

One method to achieve the implicit release mechanism is the timer mechanism. At the beginning of HS-DPCCH transmission, a timer is set and maintained by UE. During the HS-DPCCH transmission, the timer is managed by UE itself. At the expiry of this timer, UE will release the uplink resources on HS-DPCCH and terminate the HS-DPCCH transmission autonomously.
4.2
Explicit Release Mechanism

We introduce two methods to achieve the explicit mechanism for HS-DPCCH transmission:

· Through HS-SCCH order: If the HS-SCCH order can be used to trigger the HS-DPCCH transmission, it is reasonable to apply HS-SCCH order to terminate the HS-DPCCH transmission. During HS-DPCCH transmission, UE is in the ON period of the DRX cycle and monitoring HS-SCCH every periodic interval. So NodeB can send HS-SCCH order to UE to release uplink resources. One code word can be picked up from the unused set in the extended HS-SCCH order to represent the termination instruction. As soon as detecting this code on HS-SCCH order when HS-DPCCH transmission is carrying out, UE will terminate HS-DPCCH and release corresponding resources. 
· Through E-AGCH: In the previous discussion, some contributions [3] [4] have proposed to use E-AGCH, over which the “INACTIVE” command is sent by NodeB, to terminate the HS-DPCCH transmission. As soon as detecting “INACTIVE” on E-AGCH when HS-DPCCH transmission is carrying out, UE will terminate HS-DPCCH and release corresponding resources.
We think it is rational to have HS-DPCCH channel establish controlled by the NodeB or network. Since holding more extensive information about the whole system compared with UEs, NodeB has more convincing authority to decide when to terminate the HS-DPCCH transmission. As the information carried by HS-DPCCH is needed at NodeB, it is more reasonable for NodeB to trigger the termination of HS-DPCCH according to the actual requirements. In addition, the functionality of HS-DPCCH termination at NodeB side can provide more freedom in adapting to varying application behaviour, which reflects the superiority of network control. So we propose that:
Proposal 4: Use explicit release mechanism to terminate the stand-alone HS-DPCCH transmission in the CELL_FACH state.

Furthermore, we have to make a trade-off between the two methods of explicit mechanism mentioned above. We prefer the HS-SCCH order manner to the E-AGCH manner. From the consistency point of view, why not use the HS-SCCH order to terminate HS-DPCCH transmission if the same way is used to trigger HS-DPCCH? More importantly, the “INACTIVE” command sent to UE on E-AGCH is used to release a common E-DCH resource in the CELL_FACH state in the current specification. If one “INACTIVE” command, which should have terminated the HS-DPCCH, releases the common E-DCH resource, it may lead to the interruption of the unfinished E-DCH and result in unnecessary disruption to the uplink transmission. If it is willing to utilize the “INACTIVE” command on E-AGCH to terminate HS-DPCCH without blocking the ongoing E-DCH transmission, some modifications will be made in the existing standard, which is what we don’t want to see. Based on the above analysis, we propose that:
Proposal 5: Use HS-SCCH order to achieve explicit release mechanism to terminate the stand-alone HS-DPCCH transmission in the CELL_FACH state.
5 Conclusion

In this contribution, we have some detail design analysis on stand-alone HS-DPCCH without ongoing E-DCH transmission in the CELL_FACH state. We have the following proposals:
Proposal 1: Use HS-SCCH order to trigger the stand-alone HS-DPCCH transmission in the CELL_FACH state.
Proposal 2: If HS-SCCH order trigger is adopted, skip PRACH procedure at UE when triggering stand-alone HS-DPCCH transmission in the CELL_FACH state.
Proposal 3: If HS-SCCH order trigger is adopted, skip collision resolution when triggering stand-alone HS-DPCCH transmission in the CELL_FACH state.
Proposal 4: Use explicit release mechanism to terminate the stand-alone HS-DPCCH transmission in the CELL_FACH state.
Proposal 5: Use HS-SCCH order to achieve explicit release mechanism to terminate the stand-alone HS-DPCCH transmission in the CELL_FACH state.
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