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1 Introduction
RAN1 has received an LS [1] from RAN2 related to the Rel-11 work item on “Further Enhancements to CELL_FACH” [2] where RAN2 has identified a set of 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 have 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. TTI alignment together with per HARQ process grants in CELL_FACH state would enable TDM-like operation. At previous RAN1 meetings several companies have provided input related to the benefit of TTI alignment between CELL_FACH UEs and CELL_FACH and CELL_DCH UEs; see e.g. [3]

 REF _Ref300917689 \r \h 
[4][5] 
With respect to the introduction of TTI alignment between CELL_FACH UEs and between CELL_FACH and CELL_DCH UEs some companies raised concerns on signature and resource splitting as well as the impact on the existing specifications. For that purpose, we in this paper present a detailed proposal for how TTI alignment between CELL_FACH UEs and between CELL_FACH and CELL_DCH UEs could be introduced in the existing specifications. Already here we note that the proposal here ensures that the common E-DCH resource pool can be shared between Rel-8 and Rel-11 UEs. We furthermore provide text proposal of the changes that would need to be introduced in the existing specifications.
2 Existing timing relations
Figure 1 shows the timing relation for Common E-DCH as specified in TS 25.211 subclause 7.3A.
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Figure 1: 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 depending on the AICH Transmission Timing parameter. The message part transmission begins 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.

3 TTI alignment between CELL_FACH UEs and between CELL_FACH and CELL_DCH UEs
To achieve time alignment between CELL_FACH UEs and between CELL_FACH and CELL_DCH UEs the existing timing needs to be modified so that the start of the message part of a CELL_FACH UE is aligned with the 3-slot sub-frame structure rather than the 2-slot PRACH access slots structure. As we noted in previous contributions [9], an approach where the UE consider both the access slot number and the preamble signature when deciding how many slots the message part should be delay is preferred to ensure that the load is evenly distributed amongst all HARQ-processes. 

To ensure that the message part of CELL_FACH UEs can be aligned with the 3-slot sub-frame structure (used in CELL_DCH state) the dependency between the F-DPCH and E-DCH timing needs to be resolved. Without such a change, alignment of the E-DCH TTIs from different CELL_FACH UEs would require that each CELL_FACH UE is allocated to its own F-DPCH code, which obviously would be very inefficient.
In the existing specifications, and as noted in section 2, the symbol offset Soffset is used to distribute the timings over the 10 different symbol positions within an F-DPCH slot. While this allows that 10 UEs share an F-DPCH code the symbol offset results in that the uplink timings of the UEs are different (not aligned) since a-m depends on Soffset. 
A de-coupling of the downlink and uplink timing for CELL_FACH UEs can be achieved in several ways. One approach that would serve the intended purpose would be to require that a-m is independent of the symbol offset Soffset for Rel-11 UEs and use an offset a-m that ensures that a 3-slot sub-frame structure is achieved. The modified timing relation between the AICH response and the message part a-m is illustrated in Figure 3 and Figure 4 for the case where the AICH Transmission Timing parameter is 0 and 1, respectively. From these figures it could be noted that by conditioning a-m also on the signature code an even load could be achieved for all sub-frames.
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Figure 3: Sub-frame aligned timing between CELL_FACH UEs and CELL_FACH and CELL_DCH UEs when the AICH Transmission Timing is 0. 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.
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Figure 4: Sub-frame aligned timing between CELL_FACH UEs and between CELL_FACH and CELL_DCH UEs when the AICH Transmission Timing is 1. 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.
To define when the UE shall start listening to the TPC commands transmitted on the F-DPCH we would prefer an approach where F-DPCH is not modified, i.e.

(F-DPCH = [(5120 * AICH access slot # with the AI) + 10240 + 256 * Soffset] mod 38400

The procedure described above facilitates sub-frame alignment between CELL_FACH UEs. However it does not necessarily ensure sub-frame alignment between CELL_FACH and CELL_DCH UEs. In order to achieve this it is necessary to introduce the possibility for the network to adjust the uplink timing of the CELL_FACH UEs by a parameter similar to (F-)DPCH in CELL_DCH state. Notice that since the purpose of this parameter only is to adapt the TDM grid used by the CELL_FACH UEs so that it coincides with the TDM grid used by the CELL_DCH UEs it is sufficient to have a common timing parameter for all CELL_FACH UEs. Note further that it should be possible to move the TDM grid for the CELL_FACH UEs at least one sub-frame and as for the timing adjustment in CELL_DCH state a granularity of 256 chips would be sufficient. Hence this information could be conveyed by a parameter ranging between 0 and 29 broadcasted on an existing SIB. 
We note that the design proposal presented allows that the common E-DCH resources can be shared between the Rel-8 and Rel-11 UEs, i.e. it is not necessary to split the resources.
4 Impact on specification
Previous section presented a design proposal where the timing was modified to facilitate TTI alignment between CELL_FACH UEs and CELL_FACH and CELL_DCH UEs. This section presents the necessary modifications in the current specifications. As can be shown, only minor modifications are needed to support TTI alignment between CELL_FACH UEs and CELL_FACH and CELL_DCH UEs.
4.1 25.211 – Physical channels and mapping of transport channels onto physical channels
-------------------------------------------Text omitted---------------------------------------
7.3
PRACH/AICH timing relation

The downlink AICH is divided into downlink access slots, each access slot is of length 5120 chips. The downlink access slots are time aligned with the P-CCPCH as described in subclause 7.1.

The uplink PRACH is divided into uplink access slots, each access slot is of length 5120 chips. Uplink access slot number n is transmitted from the UE (p-a chips prior to the reception of downlink access slot number n, n = 0, 1, …, 14.

Transmission of downlink acquisition indicators may only start at the beginning of a downlink access slot. Similarly, transmission of uplink RACH preambles and RACH message parts may only start at the beginning of an uplink access slot.

The PRACH/AICH timing relation is shown in figure 31.
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Figure 31: Timing relation between PRACH and AICH as seen at the UE

The preamble-to-preamble distance (p-p shall be larger than or equal to the minimum preamble-to-preamble distance
(p-p,min, i.e. (p-p ( (p-p,min.

In addition to (p-p,min, the preamble-to-AI distance (p-a and preamble-to-message distance (p-m are defined as follows:

-
when AICH_Transmission_Timing is set to 0, then

(p-p,min = 15360 chips (3 access slots)

(p-a = 7680 chips

(p-m = 15360 chips (3 access slots)

-
when AICH_Transmission_Timing is set to 1, then

(p-p,min = 20480 chips (4 access slots)

(p-a = 12800 chips

(p-m = 20480 chips (4 access slots)

The parameter AICH_Transmission_Timing is signalled by higher layers.

7.3A
UL/DL timing relation for Enhanced Uplink in CELL_FACH state and IDLE mode
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Figure 31A: UL/DL timing relation for Enhanced Uplink in CELL_FACH state and IDLE mode as seen at the UE

The PRACH preamble and Acquisition indication timings (p-p and (p-a are as defined in section 7.3. 
If the UE is not configured with per-HARQ-process activation of grants in CELL_FACH state then
(F-DPCH = [(5120 * AICH access slot # with the AI) + 10240 + 256 * Soffset] mod 38400

(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.

If the UE is not configured with  per-HARQ-process activation of grants in CELL_FACH state then 
(F-DPCH = [(5120 * AICH access slot # with the AI) + 10240 + 256 * (Soffset+TA) mod 38400
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where Sodd is 1 if the UE used a odd signature sequence and 0 otherwise, TA {0,…29} is a cell specific parameter configured by higher layers, and PreAmblesucc denotes access slot in which the pre-amble for which the UE has received an AICH response was transmitted.
-------------------------------------------Text omitted---------------------------------------
5 Conclusions
This contribution presented a design proposal for how TTI alignment between CELL_FACH UEs and CELL_DCH and CELL_FACH UEs could be achieved. It is noted that the design proposal ensures that the common E-DCH resources could be shared between the Rel-8 and Rel-11 UEs.

Proposal 1: Introduce support for time alignment between E-DCH TTIs in CELL_FACH state by allowing that the TTIs are aligned with a 3-slot subframe structure (rather than the 2-slot PRACH access slots). 
Proposal 2: Agree that it should be possible for the network to adjust the timing of the CELL_FACH UEs configured with per HARQ process activation of grants by means of a cell specific parameter transmitted over SIB. 
Proposal 3: Agree that the ta-m is modified 
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where Sodd describes whether a odd or even signature is used, PreAmblesucc describes access slot in which the pre-amble in which the pre-amble for which the UE receives and AICH response was transmitted, and TA describes is a cell specific parameter configured by higher layers that can be used to change the timing of the CELL_FACH UEs configured with per HARQ process activation of grants. 
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