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1 Introduction

In the RAN1#67 meeting, several issues on downlink related improvement in CELL_FACH has been further discussed on the topic of stand-alone HS-DPCCH transmission in CELL_FACH. In the previous meeting, some decisions were taken:
· In case of HS-SCCH triggered transmissions the UE can use the common E-DCH resource if it has uplink data to transmit.
· Existing PRACH preamble ramping procedure is reused to obtain common E-DCH resource

· For the case of implicit release, it is the view of RAN1 that the following additional conditions for restarting the timer Tb should be considered in case of downlink triggered transmission

· The timer Tb for standalone HS-DPCCH UE starts when the uplink DPCCH starts. 

· The timer Tb for standalone HS-DPCCH UE restarts if any MAC-ehs PDU is received or if TEBS<>0 while timer Tb is running as in Rel-8.

· In the absence of uplink data, UE sends SI with E-RNTI in the header for collision resolution as per Rel-8
· The HS-SCCH order should not contain information about the common E-DCH resource
· It is up to the network implementation whether the signature set for uplink and downlink triggered access is overlapping
· For downlink triggered transmissions, collision resolution is performed as per Rel-8 with the exception that the UE can start sending HS-DPCCH with the first E-DCH transmission (the TTI in which the SI with E-RNTI was initially transmitted)
Besides, there are some remaining FFS:

· It is FFS whether the UE should keep the same signature during the entire PRACH preamble ramping procedure
· It is FFS whether HS-SCCH order to contain preferred signature(s)
· It is still FFS whether a contention free solution, e.g. based on the presence of HS-DPCCH, will be specified in Rel-11
· It is FFS whether the UE can start sending HS-DPCCH with the first E-DCH transmission for uplink triggered transmissions in Rel-11
In this contribution, we will further discuss and analyse some issues on the operation of stand-alone HS-DPCCH especially remaining FFS in the previous meeting.
2 Further Analysis of HS-DPCCH in CELL_FACH State
In the previous meetings, initial analysis of stand-alone HS-DPCCH in CELL_FACH has been taken. For further study, this contribution mainly focuses on the information conveyed by the HS-SCCH order, signature during the entire PRACH preamble ramping procedure, signature set overlapping between downlink and uplink triggered access, contention resolution and implicit release. Based on the previous agreement and remaining FFS, we can draw a relational graph as in Figure 1 to clearly illustrate some relevant channels in CELL-FACH state. In the following sections we will give our detailed analysis.
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 Figure 1: Relational graph to clearly illustrate some relevant channels in CELL-FACH state
3 Information Conveyed by HS-SCCH Order 
According to the agreements in RAN1#67 meeting, the HS-SCCH order should not contain information about the common E-DCH resource. But it is still FFS whether HS-SCCH order to contain preferred signatures. What is more, existing PRACH preamble ramping procedure is reused to obtain common E-DCH resource. So based on the analysis in [1], the choices of information conveyed by HS-SCCH order are revised and summarized as follows: 
· Alternative 1: Triggering indicator. Triggering indicator is transmitted to trigger the stand-alone HS-DPCCH transmission in the CELL_FACH state. Only 1 bit is needed to be carried by HS-SCCH order.

· Alternative 2: Only PRACH preamble signature. The index of PRACH preamble signature can be signalled through HS-SCCH order to trigger the HS-DPCCH transmission [2]. In this case, PRACH procedure also cannot be skipped, because the common E-DCH resource indicator is not obtained from this kind of trigger information. And this consideration has been taken in the previous meeting.
With the Alt 1, conveyed triggering indicator in HS-SCCH order means just 1 bit will be enough to represent the information. Its main benefits and drawbacks are as:
· Main benefits: As interpreted in the previous analysis, if triggering indicator is transmitted to trigger the stand-alone HS-DPCCH transmission in the CELL_FACH state, only 1 bit is needed to be carried by HS-SCCH order. The advantage of this scheme is the lowest consumption of resource which is important for downlink limited resource. The remained resource in HS-SCCH order can be used in other cases which are more efficient. What is more, since the PRACH procedure is reused to obtain common E-DCH resource, it is the straightest way to send a switch in HS-SCCH order.
· Drawbacks: With downlink and uplink triggered UEs holding the same preamble signature set, collision will happen since different UEs may randomly select the same preamble signature. UE throughput and the performance for a certain cell will decrease if there are not any schemes to control the collision. 

For the Alt 2, when PRACH preamble signature is included, UE will perform random access using the indicated signature. Its main benefits and drawbacks are:
· Main benefits: With the index of PRACH preamble signature signalled through HS-SCCH order, UE will perform random access using the indicated signature. This solution may imply the ignorance of the collision resolution procedure as Node B can only indicate one signature to unique UE. The delay in processing collision resolution can be reduced.
· Drawbacks: While if the indicated signature signalled through HS-SCCH order, all of 16 PRACH preamble signatures need at least 4 bits, which can be exploited from the current HS-SCCH order. It will bring extra resource used and be bad for maintaining back compatibility. Besides, collision may also happen if the UE tries to trigger HS-DPCCH has the same signature as the other UE performing the uplink data transmission. In order to solve the problem some PRACH preamble signatures may be reserved for HS-DPCCH setup. It should be noted that the total number of UEs, which are permitted to trigger HS-DPCCH or to perform uplink data transmission simultaneously, will decrease due to the reservation of signatures. The reservation also brings resource fragments, which will reduce the resource utilization and increase the UE blocking ratio.
Comparing the two alternatives, both the two alternatives have their own advantage and disadvantage. Based on the previous analysis, only triggering indicator is conveyed by the HS-SCCH order is the straightway just as mentioned before to perform downlink-triggered HS-DPCCH. It is more effective and efficient since only using 1bit rather than 4 bits in HS-SCCH order. While for the scheme of contained PRACH preamble signature, NodeB can perform the triggered process more directly and smoothly with the reservation of signatures. The delay in processing collision resolution can be reduced which is important in time vary channel. What is more, this scheme can also protect the total performance of Rel-11 UE and improve the UE’s throughput. However both the schemes have obvious drawbacks. Collision and corresponding problems (e.g. delay) are palpable defects and should take more attention in the alternative of only 1bit triggering indicator in HS-SCCH order. While preamble signatures arouse resource fragments, resource utilization is reduced and UE blocking ratio is increased. Then the total performance will be affected and back compatibility cannot be maintained.
So both contained only 1 bit triggering indicator and preferred preamble signature should take more discussion and analysis to achieve a better solution. Some simulation may be required to give detail report.
In addition, we still recommend that common E-DCH should be established along with HS-DPCCH, since the common E-DCH resource can be obtained by PRACH procedure, while some uplink acknowledgment from high level (e.g. RLC ACK, TCP ACK) can be sent following the downlink data transmission. If the common E-DCH is established together with HS-DPCCH, there is no need for UE to implement additional reconfiguration of common E-DCH or HS-DPCCH in the case of only one of them is built. What’s more, the current common E-DCH resources and allocation mechanism can be shared with HS-DPCCH without any further modifications when common E-DCH is also established instead of just HS-DPCCH. Based on the previous discussion, we propose that:

Proposal 1: HS-DPCCH is established together with common E-DCH based on downlink data activity.
Proposal 2: Both contained only 1 bit triggering indicator and preferred preamble signature should take more discussion and analysis to achieve a better solution.
4 Signature during PRACH Preamble Ramping Procedure 

The PRACH procedure, especially the PRACH preamble power ramping, is mainly responsible for establishment of uplink time synchronization and uplink resource achievement. In Rel-8 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 and uplink resource indication information. In the RAN1#67 meeting, the agreement “Existing PRACH preamble ramping procedure is reused to obtain common E-DCH resource” has been achieved, the relevant procedure should be further analysed. Here we will discuss the issue about whether the UE should keep the same signature during the entire PRACH preamble ramping procedure.
In TS 25.214, after one UE randomly selects a signature from the set of available signatures within the given ASC, if no positive or negative acquisition indicator (AI ( +1 nor –1) corresponding to the selected signature is detected in the downlink access slot corresponding to the selected uplink access slot, the UE will select the next available access slot in the set of available RACH sub-channels within the given ASC then randomly select a new signature from the set of available signatures within the given ASC, which means during the entire PRACH preamble ramping procedure signature may be changed in great probability.
Based on the discussion in section 3, although the information contained in HS-SCCH order should take further analysis, the procedure of PRACH preamble ramping will be reused. So changing preamble signature during PRACH procedure as in Rel-8 will be better. As mentioned before the establishment of HS-DPCCH has little changes as the normal initial access since the information conveyed by HS-SCCH order is just acting as a switch on the HS-DPCCH. Signature is randomly selected at first attempted access then keeping the same signature during the ramping procedure will bring extra system adjustment and the back compatibility cannot be maintained.

As the previous analysis, thus changing preamble signature during the PRACH preamble as in Rel-8 have more benefits, such as having a better compatibility with former agreement and having less modification in current specification. Here we propose that:
Proposal 3: With the procedure of PRACH preamble ramping being reused in Rel-11, changing signatures during the entire PRACH preamble ramping procedure as the same as in Rel-8 will be preferred.
5 Signature Set Overlapping between Downlink and Uplink Triggered Access

In [3], it is preferred to PRACH preamble signature being conveyed in HS-SCCH order. We also have some discussion on this issue in section 3. When PRACH preamble signature is included, UE performs initial random access using the indicated signature. After NodeB detects the signature, it will send “ACK” and indicate common E-DCH resource to the UE through AICH as legacy way. Besides in order to allow UE bypassing the collision resolution, the network should reserve some signatures for the standalone HS-DPCCH capable UE. This solution can skip collision resolution procedure as NodeB can only indicate one signature to unique UE.
However, reserving some signatures for Rel-11 UE has some obvious drawbacks. It will decrease the total number of UE and performance in the whole cell. What is more, it brings resource fragments which will reduce the resource utilization and increase the UE blocking ratio. So once PRACH preamble signature information conveyed by HS-SCCH order, the relation between downlink and uplink triggered access of signature set should be taken some adjustment in Rel-11. It means that we will achieve some trade-off between the scheme of reserving some signatures and other methods.
One of the improved ways, which is elaborated in the agreement of last meeting, is overlapping signature between downlink and uplink triggered access. With introducing this method, collision would still exist since there is also probability of choosing the same signature between Rel-11 UE and legacy UE. Then some undesired latency will be brought with the process of contention resolution operated. However, this disadvantage can be bared compared to the complete resource fragments and the reduced of UE’s total performance. The remained problem is how to achieve the better balance of latency and performance by the level of overlapping the two signature set. Here we will take some initial discussion.
First of all, the collision probability is related to the number of reserved signatures and the level of overlapping. The lager level of overlapping, the more probability in choosing the same signature between Rel-11 and legacy UE occur. For simplifying the issue, we will analyse the issue based on dividing the signature equally. Then we give several levels of overlapping condition. Relevant signature division can be illustrated as the following figures:
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Figure 2: Even signature division, zero overlapping
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Figure 3: Even signature division, small overlapping level
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Figure 4: Even signature division, large overlapping level
Comparing the above figures, the number of each signature set increases with the overlapping level while the collision probability would also increase. So the simplest and most directly motivation is to set overlapping part and non-overlapping part occupying half respectively. Then the downlink and uplink access is preformed in the fairest situation. What is more, this method brings limited influence on system implement. Considering the number of signatures, here we set the number of both sets of the downlink and uplink triggered signatures to 11, while the number of overlapping set is 6. This signature division can be illustrated as the following figure: 
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Figure 5: Even signature division, ~50% overlapping level
From the illustration, the signatures used in both downlink and uplink triggered access are also enlarged with the overlapping compared to Figure 2. However, the equal division has some obvious drawbacks. Since the number of Rel-11 UE is smaller than legacy UE currently, the signatures used in uplink triggered UE is more limited in this situation and the improvement in UE performance will be reduced. Besides, the proportion of reserved signatures cannot be too small because the overlapping part becomes limited with the reduced of signature. As long as there is overlapping part, the methods to avoid collision resolution have to take or reuse the process of contention resolution in current system. That means limited overlapping part may achieve limited benefits and decrease the system performance. Thus more signatures are reserved for the uplink triggered access. 
Here we give the initial adjustment example. Considering the number of signatures, we set the number of the set of downlink and uplink triggered signatures to 9 and 12 respectively, while the number of overlapping set is 5. This signature division can be illustrated as the following Figure 6.
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Figure 6: Uneven signature division, the number of uplink triggered access set is larger than that of downlink triggered access set
Based on the previous analysis, the details should be further investigated in the next stage.
Proposal 4: Once preferred signature conveyed by HS-SCCH order, signature set overlapping level between uplink and downlink triggered access should be considered. 

6 Contention Resolution

In Rel-11, since the information about the common E-DCH resource will not be contained in the HS-SCCH order. No matter only triggered indicator or preferred signature with the overlapping part the problem of collision will remain. In [4] and [5], some discussions have been involved to solve the collision problem. We summarize the existing possible proposals and give analysis of each as follows:
· Alt 1: Reserving some preamble signature. Reserve a set of preamble signatures for standalone HS-DPCCH, especially with the preferred signature conveyed by HS-SCCH order. The drawbacks of this method have been discussed in section 3 in detail. The reservation not only brings resource fragments, which reduce the resource utilization and increase the UE blocking ratio, but also decreases the total number of UE due to the reservation of signatures. 
· Alt 2: Including the index to the common resource in the HS-SCCH order to the UE. Then the UE goes through the preamble phase corresponding to that common resource index. In this case, other UEs may randomly pick the same preamble as the one corresponding to that ordered by the HS-SCCH. The UE to which the HS-SCCH order is sent will transmit HS-DPCCH after completing the preamble phase, while any other UEs using the same preamble signature will not transmit HS-DPCCH (but only E-DCH). Hence, the NB upon detecting HS-DPCCH can resolve the contention by detecting the HS-DPCCH and E-DCH in parallel, and can still send the E-AGCH with the targeted E-RNTI (i.e. the UE ordered to transmit HS-DPCCH). Collision of DPCCH can still occur and can be avoided if the NB indicates a different resource index in the AICH/EAI to the one in the HS-SCCH order. Here the UE receiving the order will ignore the resource index signalled in AICH/EAI and uses only the resource index indicated in the HS-SCCH order. Meanwhile the other UEs would use the legacy method and use the resource index indicated in the AICH/EAI. This method does not avoid collision resolution but allows the UE to transmit HS-DPCCH after the preamble phase. Also, there is no need to reserve any preamble signatures [4].

· Alt 3: Based on a slight modification on the feedback signalling on AICH. This method is based on the scheme of Common E-DCH resource and signature should be conveyed by means of 5 bits in the HS-SCCH order. More specifically, it is based on that the NodeB ACK the uplink transmissions of a downlink triggered transmissions by sending an ’NACK’ on the AICH. This approach is based on a NodeB will not assign the same E-DCH resource and signature to multiple UE simultaneously. Under this assumption preamble collisions will only occur as a result of that an uplink triggered transmission attempt to use the same signature as the NodeB has assigned to a UE (via the HS-SCCH order). More specifically: In the case where E-AI is not configured in the cell a ’NACK’ transmitted on the AICH would result in that a UE with uplink triggered transmissions backs off. This means that the potential collision between the uplink triggered and downlink triggered transmission can be avoided. In both these cases letting ’NACK’ transmitted on the AICH be viewed as an ACK for downlink triggered transmissions would limit the effect of the preamble collisions between uplink and downlink triggered transmissions [5].
· Alt 4: Embed an E-RNTI (or H-RNTI) in the HS-DPCCH message. This does not avoid contention resolution but it allows HS-DPCCH to be transmitted right after the preamble phase. Since the NB reserves the resource (e.g. by means of including the resource index in the HS-SCCH order), the NB would responds with an E-AGCH to end the contention resolution upon detecting the first HS-DPCCH [4].

· Alt 5: Reused contention resolution as in Rel-8 with overlapping downlink and uplink triggered signature set. As the signature space limited, however, with the adjustment by introducing overlapping between downlink and uplink triggered access signature set the drawbacks as mention before may achieve better reparations. This method would be to rely on the contention resolution process specified in Rel-8. Then some undesired latency will be brought with the process of contention resolution operated. However, this disadvantage can be bared compared to the complete resource fragments and the reduced of UE’s total performance. The remained problem is how to achieve the better balance of latency and performance by the level of overlapping the two signature set.

Based on the above consideration, each of methods has their own advantages and disadvantages. For the Alt 1, this is the simplest but rudest way to solve the existing problem in downlink and uplink triggered access. The drawbacks are too serious to introduce this method to the current system. For the Alt 2 and Alt 3, the ideas are very special and can avoid reserving any preamble signatures. The undesired latency is also reduced. However, the previous RAN1 meeting has achieved an agreement that the HS-SCCH order should not contain information about the common E-DCH resource. From the introduction both of the Alt 1 and Alt 3 are based on the method of introducing common resource in the HS-SCCH order. So these methods should take more consideration to adjust the current agreement.
While for the last Alt 5, which we may preferably to tend, may achieve a better performance in reusing contention resolution as in Rel-8 with overlapping downlink and uplink triggered signature set. As mention in the section 5, this method can bring reparations to the drawbacks by the reservation signature. With introduced overlapping, some undesired latency will be brought since the NodeB has to take times to process the contention resolution. So we can combine the Alt 4 with the Alt 5 to reduce the latency. The E-RNTI (or H-RNTI) is embedded in the HS-DPCCH message to allow HS- DPCH to be transmitted right after the preamble phase. Compared with this method, contention free is not the proper choice since it will bring extra changes and resource used in current system. What is more, the back compatibility may not be maintained.
However, the Alt 5 cannot be used if there is only 1 bit triggering indicator conveyed by HS-SCCH order. So the collision problem will be taken further analysis to achieve better solution in this situation. What is more, UE can start sending HS-DPCCH with the first E-DCH transmission (the TTI in which the SI with E-RNTI was initially transmitted). (i.e.) UE does not have to wait until the end of collision resolution before starting HS-DPCCH as interpreted in [6]. It can also be good for maintaining back compatibility.
As the previous analysis, here we give some proposals:

Proposal 5: If PRACH preamble signature is conveyed by HS-SCCH order, we prefer to reuse contention resolution as in Rel-8 with overlapping downlink and uplink triggered signature set and embed an E-RNTI (or H-RNTI) in the HS-DPCCH message to solve collision problem rather than contention free. 

Proposal 6: If only 1 bit triggering indicator is conveyed by HS-SCCH order, collision problem will take further analysis to achieve better solution. 
7 Implicit Release of HS-DPCCH

The following is agreed in RAN1#67 meeting regarding to the implicit release of HS-DPCCH.

· For the case of implicit release, it is the view of RAN1 that the following additional conditions for restarting the timer Tb should be considered in case of downlink triggered transmission

· The timer Tb for standalone HS-DPCCH UE starts when the uplink DPCCH starts. 

· The timer Tb for standalone HS-DPCCH UE restarts if any MAC-ehs PDU is received or if TEBS<>0 while timer Tb is running as in Rel-8.

In sub-clause 11.2.2A TS 25.321 [7], it is stated that,

-
Implicit release with E-DCH transmission continuation backoff
Implicit resource release is enabled only if "E-DCH transmission continuation back off" is not set to "infinity". 
If implicit resource release is enabled, then in case of DTCH/DCCH transmission, the timer Tb is set to "E-DCH transmission continuation back off" value, when TEBS is 0 byte and the last generated MAC-i PDU with higher layer data is provided with the PHY-data-REQ primitive to the physical layer for transmission. 
If TEBS <> 0 byte is detected while timer Tb is running, then the timer is stopped and uplink data transmission on the common E-DCH resource continues.
If a MAC-ehs PDU is received while timer Tb is running, then the timer is re-started.
If the "E-DCH transmission continuation back off" value is set to "0" or if timer Tb expires the MAC-STATUS-Ind primitive indicates to RLC for each logical channel that no PDUs shall be transferred to MAC. TEBS = 0 byte is reported to the Node B MAC as SI in a MAC-i PDU. If the "E-DCH transmission continuation back off" value is set to "0", then the SI shall be transmitted with the MAC-i PDU carrying the last DCCH/DTCH data, given the serving grant is sufficient to carry the SI in the same MAC-i PDU together with the remaining DCCH/DTCH data. Otherwise, the empty buffer status report is transmitted separately with the next MAC-i PDU.
CMAC-STATUS-Ind which informs the RRC about the Enhanced Uplink in CELL_FACH state and Idle mode process termination is triggered when the empty buffer status has been reported and no MAC-i PDU is left in any HARQ process for (re-)transmission.

It is clear that the RAN1 agreed statement of “The timer Tb for standalone HS-DPCCH UE restarts ... if TEBS<>0 while timer Tb is running” is not aligned with what specified in Rel-8 “If TEBS <> 0 byte is detected while timer Tb is running, then the timer is stopped”. We believe that the behaviour specified in Rel-8 is appropriate and meanwhile we didn’t find out any reason why the behaviour for the condition “if TEBS<>0 while timer Tb is running” should be changed. The HS-DPCCH control procedure should be as illustrated in Figure 1.
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Figure 7: Standalone HS-DPCCH control procedure
Proposal 7: For the case of implicit release of HS-DPCCH, the conditions for the timer Tb in case of downlink triggered transmission are,

· The timer Tb for standalone HS-DPCCH UE starts when the uplink DPCCH starts.

· The timer Tb for standalone HS-DPCCH UE starts when TEBS is 0 byte if timer Tb is not running.
· The timer Tb for standalone HS-DPCCH UE restarts if any MAC-ehs PDU is received while timer Tb is running.
· The timer Tb for standalone HS-DPCCH UE stops if TEBS <> 0 byte is detected while timer Tb is running.
8 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: HS-DPCCH is established together with common E-DCH based on downlink data activity.
Proposal 2: Both contained only 1 bit triggering indicator and preferred preamble signature should take more discussion and analysis to achieve a better solution.
Proposal 3: With the procedure of PRACH preamble ramping being reused in Rel-11, changing signatures during the entire PRACH preamble ramping procedure as the same as in Rel-8 will be preferred.
Proposal 4: Once preferred signature conveyed by HS-SCCH order, signature set overlapping level between uplink and downlink triggered access should be considered.
Proposal 5: If PRACH preamble signature is conveyed by HS-SCCH order, we prefer to reuse contention resolution as in Rel-8 with overlapping downlink and uplink triggered signature set and embed an E-RNTI (or H-RNTI) in the HS-DPCCH message to solve collision problem rather than contention free.
Proposal 6: If only 1 bit triggering indicator is conveyed by HS-SCCH order, collision problem will take further analysis to achieve better solution.
Proposal 7: For the case of implicit release of HS-DPCCH, the conditions for the timer Tb in case of downlink triggered transmission are,
· The timer Tb for standalone HS-DPCCH UE starts when the uplink DPCCH starts.

· The timer Tb for standalone HS-DPCCH UE starts when TEBS is 0 byte if timer Tb is not running.
· The timer Tb for standalone HS-DPCCH UE restarts if any MAC-ehs PDU is received while timer Tb is running.
· The timer Tb for standalone HS-DPCCH UE stops if TEBS <> 0 byte is detected while timer Tb is running.
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