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1 Introduction
RAN1 has received an LS [1] from RAN2 related to the new Rel-11 work item on “Further Enhancements to CELL_FACH” [2] where RAN2 has identified the following sub-features that are more in the RAN1 domain of expertise:

· Downlink related improvements of resource utilization, throughput, latency and coverage

· Stand-alone HS-DPCCH without ongoing E-DCH transmission

· Uplink related improvements of resource utilization, throughput, latency and coverage

· TTI alignment between CELL_FACH UEs and CELL_DCH UEs

· Reduction in timing of the initial access in the physical random access procedure

· Signaling based interference control
In the LS, RAN2 has asked RAN1 to start the technical evaluation of the sub-features listed above and convey their findings on the gain and complexity tradeoff back to RAN2. Our initial input has been provided in [3]
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[4][5] and in [7] several companies have expressed their support for introducing 

· Per HARQ process grants in CELL_FACH state, and

· TTI alignment between CELL_FACH UEs and between CELL_FACH and CELL_DCH UEs.

Together these two sub-features would enable TDM/like operation in CELL_FACH state. While [7] focused on highlighting the benefits and rationale for supporting TDM-like operation in CELL_FACH state, this paper presents detailed design proposals for how TTI alignment between CELL_FACH UEs and CELL_DCH UEs can be introduced in the RAN1 specifications. A corresponding paper, focusing on how the per HARQ process activation of grants could be introduced in CELL_FACH state is presented in RAN2 [8]. 
2 Discussion

2.1 Benefits with TDM operation

As noted in [7] time alignment of E-DCH TTIs between CELL_FACH UEs and CELL_DCH UEs is expected to provide more efficient scheduling by enabling TDM-like operation or other techniques for interference avoidance (e.g., interference cancelation) as well as provide the possibility for a more seamless state transition from CELL_FACH to CELL_DCH.
TDM-like operation is already possible today in CELL_DCH for E-DCH UEs with 2-ms TTI. In order to accomplish this, the uplink signals from the UEs need to be time aligned to some degree through the use of the (F-DPCH parameter. By first time aligning the UEs and then using the per-HARQ-process activation to give the time-aligned UEs grants in different subframes, a TDM-like operation is achieved. The principle is illustrated by the example depicted in Figure 1 and further discussed in [7]. There will be some level of misalignment between different UEs. The misalignment shown in the figure is somewhat exaggerated. In most cases it should be possible to achieve sufficient time alignment in order to be able to enjoy the performance gains from TDM-like operation. These performance gains have previously been captured in [6].
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Figure 1: Example of TDM-like operation with 2 UEs and 4 HARQ processes allocated to each UE
Currently CELL_FACH does not provide good support for TDM-like operation. It would be desirable to be able to time align the data transmissions from different UEs and to be able to use per-HARQ-process activation of the grants. Although the motives for supporting TDM-like operation are outlined in more detail in [7] we outline them here for the sake of consistency. 
One reason to support TDM operation in CELL_FACH state would be to facilitate that intra-cell interference from UEs can be avoided. This is important, as CELL_FACH state is expected to carry an increased part of the total traffic. Another perhaps even stronger reason to support TDM-like operation in CELL_FACH state would be to introduce the means necessary to protect CELL_FACH UEs from interference generate by high-rate CELL_DCH UEs operating in a TDM-like manner. The possibility to operate at high RoT values will become increasingly important as the traffic volumes and data rate requirements continue to grow. (It should also be noted that with TDM operation the cell throughput saturate at considerably higher RoT values than when CDM operation is employed). However, increased RoT targets will inevitably reduce the uplink coverage. This may be particular harmful CELL_FACH state since, e.g., soft handover is not supported. To operate the system at high RoT values while at the same time ensure sufficient coverage for CELL_FACH UEs it may be important to protect CELL_FACH UEs from high interference caused by high-rate CELL_DCH UEs. By allocating CELL_DCH and CELL_FACH UEs to different HARQ processes this could be accomplished.
2.2 Design proposals
Figure 2 shows the timing relation for Common E-DCH as specified in TS 25.211 subclause 7.3A.
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Figure 2: Timing relation specified in TS 25.211 subclause 7.3A

The timing relations for the message part are as follows:
(F-DPCH = [(5120 * AICH access slot # with the AI) + 10240 + 256 * Soffset] mod 38400

(p-p = 15360 or 20480 chips (for AICH Transmission Timing 0 and 1, respectively)
(p-a = 7680 or 12800 chips (for AICH Transmission Timing 0 and 1, respectively)

(a-m = 10240 + 256 * Soffset + (0 chips

where

Soffset = a symbol offset, configured by higher layers, {0,…,9}
(0 = 1024 chips defining the DL to UL frame timing difference

The UE transmits each preamble at the start of a PRACH access slot. The AICH response (if any) is transmitted 3 or 5 slots (7680 or 12800 chips) after the preamble. The message part transmission begins at 4 slots (10240 chips) after the AICH response plus an additional symbol offset. The symbol offset serves the purpose to distribute the timings according to the 10 different symbol positions within an F-DPCH slot.

In order to achieve time alignment between E-DCH TTIs from different UEs, these equations would need to be changed so that the start of the message part is aligned with the 3-slot subframe structure rather than the 2-slot PRACH access slots. This is illustrated in Figure 3 and Figure 4.
Proposal 1: Introduce support for time alignment between E-DCH TTIs in CELL_FACH by allowing that the TTIs are aligned with a 3-slot subframe structure (rather than the 2-slot PRACH access slots).


[image: image3]
Figure 3: Current access slot aligned timing. Note the overlapping TTIs.
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Figure 4: Subframe aligned timing. The TTIs of UE 2 and UE 3 have been delayed. The load becomes uneven.
In order to achieve this, the TTIs for some of the access attempts need to be delayed one or two slots, e.g. in the following way, which is illustrated in Figure 4:

· For preambles received in access slots 3*N (i.e. 0, 3, 6, etc):

· Message part begins 4 slots after the AICH response, i.e. as in Rel-8 spec with Soffset = 0.

· For preambles received in access slots 3*N+1 (i.e. 1, 4, 7, etc):

· Message part begins 5 slots after the AICH response, i.e. 1 slot later than in Rel-8 spec.

· For preambles received in access slots 3*N+2 (i.e. 2, 5, 8, etc):

· Message part begins 6 slots after the AICH response, i.e. 2 slots later than in Rel-8 spec.

If the UEs follow these rules, the TTIs will be aligned with a 3-slot subframe structure instead of a 2-slot PRACH access slot structure. One potential concern with this approach is that it, for small packet transfers that can be completed within a TTI, will result in uneven load in different TTIs. Every third TTI will get twice as high average load as the other TTIs due to the additional delay of some TTIs, as illustrated in Figure 4.


[image: image5]
Figure 5: Subframe aligned timing. UE 1 selects an odd preamble signature which means that its TTI is delayed. UE 4 selects an even preamble signature which means that its TTI is not delayed. The load is even.
In order to distribute the load evenly, the following approach can be used instead, where not only the access slot number but also the preamble signature is taken into account when deciding how many slots the message part should be delayed. This is illustrated in Figure 5.
· For preambles received in access slots 3*N (i.e. 0, 3, 6, etc):
· Message part begins 4 slots after the AICH response if the preamble signature is even.
· Message part begins 7 slots after the AICH response if the preamble signature is odd.

· For preambles received in access slots 3*N+1 (i.e. 1, 4, 7, etc):
· Message part begins 5 slots after the AICH response.

· For preambles received in access slots 3*N+2 (i.e. 2, 5, 8, etc):
· Message part begins 6 slots after the AICH response.

Proposal 2: Subframe alignment is achieved by replacing the 4-slot (10240-chip) delay with a longer delay depending on the access slot number and signature of the preamble.
Furthermore, the dependency between the F-DPCH timing and the E-DCH timing ought to be resolved to some extent in the same way as is already the case with the Enhanced F-DPCH introduced in Rel-7, which makes use of 10 different F-DPCH slot formats instead of 10 different slot offsets. Without this change, alignment of the uplink timings between different UEs would require that each UE has its own F-DPCH code, which would be highly inefficient.
Proposal 3: Allow different F-DPCH slot formats for different Common E-DCH resources.
In our earlier contributions [3]
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 \* MERGEFORMAT [4]
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 \* MERGEFORMAT [5] it was suggested that the slot offset (Soffset) is removed from the (a-m equation but this is actually not necessary. Time alignment between different UEs can be achieved by applying the same value on Soffset for several Common E-DCH resources. However, different network implementations may use different strategies for aligning the TTIs from different UEs. In CELL_DCH, the selected TTI borders can be set freely by the network using the τF-DPCH parameter, and it may be beneficial to be able to have the same freedom in CELL_FACH.
Proposal 4: Allow the network to adjust the TTI borders, e.g. by extending the Soffset range to cover one subframe instead of one slot.
The achieved level of accuracy in the time alignment of CELL_FACH UEs will be very similar to the accuracy that can be achieved today in CELL_DCH. At NodeB, the uplink transmission will appear to be delayed by one round trip time, i.e. the propagation delay times two. As an example, 10 km distance results in 256 chips delay, so for moderately sized cells the delay is well below 256 chips. This delay can probably be seen as insignificant when compared to the length of a TTI. This should be sufficient for the intended purposes in the vast majority of the cells in a typical network deployment.
In order to also facilitate a seamless transition from CELL_FACH to CELL_DCH, the RNC may attempt to configure the UE with a similar (F-DPCH value in CELL_DCH as the value applied in CELL_FACH.

Proposal 5: Investigate whether some additional RAN2/RAN3 signaling support is needed in order to facilitate configuration of the same (F-DPCH value in CELL_DCH as the value applied by the UE in CELL_FACH
3 Conclusions
This contribution presented the following proposals on TTI alignment between CELL_FACH UEs and CELL_DCH UEs.
Proposal 1: Introduce support for time alignment between E-DCH TTIs in CELL_FACH by allowing that the TTIs are aligned with a 3-slot subframe structure (rather than the 2-slot PRACH access slots).

Proposal 2: Subframe alignment is achieved by replacing the 4-slot (10240-chip) delay with a longer delay depending on the access slot number and signature of the preamble.
Proposal 3:  Allow different F-DPCH slot formats for different Common E-DCH resources.
Proposal 4: Allow the network to adjust the TTI borders, e.g. by extending the Soffset range to cover one subframe instead of one slot.
Proposal 5: Investigate whether some additional RAN2/RAN3 signaling support is needed in order to facilitate configuration of the same (F-DPCH value in CELL_DCH as the value applied by the UE in CELL_FACH
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