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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] and [4]. This contribution provides further input to the uplink related improvements listed above.
2 TTI alignment between CELL_FACH UEs and CELL_DCH UEs
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 as well as provide the possibility for a more seamless state transition from CELL_FACH to CELL_DCH. The performance gains of TDM-like operation are captured in [5].
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

(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 message part transmission begins at 4 slots (10240 chips) after the last preamble 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.
One way to achieve this is to replace the 4-slot (10240-chip) delay with a 5-slot delay for the case when the preamble is received in an odd-numbered PRACH access slot, which would help align the E-DCH transmissions with a 3-slot (TTI) grid instead of a 2-slot (access slot) grid.

Furthermore, the slot offset (Soffset) ought to be removed from the (a-m equation, resolving the dependency between the F-DPCH timing and the E-DCH timing 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).

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. The achieved time alignment will thus not be perfect but 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.

3 Reduction in timing of the initial access in the physical random access procedure
One potential way to reduce latency is to remove the initial access delay in the physical random access procedure. The first step in the physical random access procedure specified in TS 25.214 (in subclause 6.1 for R99 PRACH and subclause 6.1A for Common E-DCH) looks like this:
1
Derive the available uplink access slots, in the next full access slot set, for the set of available RACH sub-channels within the given ASC with the help of subclauses 6.1.1. and 6.1.2. Randomly select one access slot among the ones previously determined. If there is no access slot available in the selected set, randomly select one uplink access slot corresponding to the set of available RACH sub-channels within the given ASC from the next access slot set. The random function shall be such that each of the allowed selections is chosen with equal probability.
Thus the initial access delay consists of two sequential parts:

1. The UE waits till the beginning of the next full access slot set.

2. The UE waits till the beginning of the randomly selected access slot within the access slot set.
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Figure 2: Access slot sets specified in TS 25.214 subclause 6.1.2
Each access slot set consists of 7-8 access slots, as illustrated in Figure 2. This means that the first and the second part of the initial access delay takes up to ~10 ms each. The maximum total delay is 14 access slots, i.e. almost 19 ms. If both parts could be eliminated, the average latency improvement would be almost 10 ms. However, it may be desired to keep some level of randomization of the transmission timing in order to avoid congestion peaks. A conservative approach would be to replace the two sequential parts described above with the following single step:
1. The UE randomly selects an access slot within the remaining current access slot set and the next access slot set.

Some further discussion on the need for randomization is provided below.

The random selection of access slot serves a purpose in IDLE mode, URA_PCH state and CELL_PCH state. In these cases, the UE waits for the next SIB7 transmission in downlink before triggering the physical random access procedure. If several UEs are about to make a random access, their transmission times will line up as they are all waiting for the same SIB7 transmission before starting their transmissions. In order to avoid that all UEs start their transmissions in the same access slot, the random selection of access slot is needed.
Prior to starting any transmissions, the UE has to have a valid SIB7. If the UE is configured without UE DRX, the UE is monitoring the downlink continuously which means that the SIB7 may be always up to date, i.e. the UE does not necessarily need to wait for the SIB7 validity period to expire to acquire again the updated values of the SIB7. If the UE is configured with UE DRX, the stored SIB7 information will be considered valid for 8 seconds, as specified in TS 25.331 subclause 8.1.1.6. Furthermore, if the UE supports Enhanced UL in CELL_FACH and “UL interference for common E-DCH” is transmitted in SIB5, the UE will always consider the SIB7 information valid. Hence the need to distribute the transmission timings of the different UEs is not that large in CELL_FACH state.
If necessary, the behaviour (i.e. whether to remove the initial access delay in CELL_FACH state or not) could be made configurable by the network. The improvement could be introduced for Common E-DCH as well as PRACH if desired. No changes to the higher layer procedure specified in TS 25.321 subclauses 11.2.2 and 11.2.2A are proposed.
4 Signaling based interference control: Additional AICH Transmission Timing parameter setting to facilitate IC
Many enhancements for signaling based interference control can be envisioned. Here we focus on higher layer signaling facilitating reduction of the interference during the preamble ramping procedure. As UEs begin to spend more time in CELL_FACH instead of CELL_DCH, the preamble detection performance becomes more important. At the same time, the preamble detection becomes more and more challenging due to the desire to operate at a higher noise rise due to the increased uplink throughput demands and uplink peak rate improvements.
Relatively minor changes to the preamble ramping procedure can be considered in order to help retain the uplink coverage for the preamble part in scenarios where E-DCH is operated with a high noise rise. One approach is to increase the time provided between the preamble detection and the required response on AICH in order to enable usage of more advanced (IC) preamble receivers. This may help reduce the interference from the preamble part and/or reduce the latency for the message part as fewer preambles may be needed during each access attempt.
Figure 1 shows the timing relation for Common E-DCH as specified in TS 25.211 subclause 7.3A. The values of (p-p and (p-a depend on the setting of higher layer parameter AICH_Transmisson_Timing:
-
When AICH_Transmission_Timing is set to 0, then

(p-p = 3 access slots
(p-a = 1.5 access slot
-
When AICH_Transmission_Timing is set to 1, then

(p-p = 4 access slots
(p-a = 2.5 access slots
The time available for the NodeB processing needed for the preamble detection before the response needs to be transmitted on AICH is decreased by the round trip time (i.e. the propagation delay times two).
There is very limited time available for any sort of advanced processing of the signal. Hence it may be motivated to consider increasing (p-p and (p-a in order to provide more time for NodeB processing. The easiest way would be to introduce additional values for AICH_Transmission_Timing, for example:
-
When AICH_Transmission_Timing is set to 2, then

(p-p = 6 access slots

(p-a = 4.5 access slots
-
When AICH_Transmission_Timing is set to 3, then

(p-p = 7 access slots

(p-a = 5.5 access slots
In the above examples it is assumed that 3 additional slots are needed to wait for the 2-ms E-DCH TTI to be received and 1-3 slots for advanced processing (IC). This additional parameter value would only be available for new UEs supporting the enhancement. The exact values may require some further investigation. Assuming that Rel-11 UEs supporting “Further Enhancements to CELL_FACH” will access the network using a specific subset of the available preamble signatures (possibly on a separate uplink scrambling code), a separate AICH_Transmission_Timing parameter could be used for these signatures. Legacy UEs are still supported but they will not enjoy the improved preamble detection performance in high noise rise scenarios. One way to handle this could be to operate different carriers with different noise rise targets.
5 Conclusions
This contribution presented our initial thoughts on the RAN1 aspects of uplink related improvements within the work item on “Further Enhancements to CELL_FACH”.
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