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1. Introduction

Several contributions on key technologies for enhanced uplink transmissions have been outlined in previous meetings (see for example, [1]-[5]). One key aspect of EUDCH is expected to be the use of scheduled mode of transmission with control at the Node B. In a scheduled mode of transmission, it is envisaged that the uplink capacity is granted to one or a few users at a time based on uplink channel quality, available power, backlogged data etc. Channel and interference variations seen at the Node B coupled with meeting an “outage” metric such as total received power density ratio to thermal noise density (also called Rise over Thermal or RoT) would play a central role in scheduling and dynamic data rate determination. In such a scheduled mode of transmission, the asynchrony relative to slot and frame timing relationship of users is important to consider and that is the subject of this document. As will be evident, this asynchrony plays a role regardless of the choice of EUDCH TTI duration (less than 10ms or not) or whether a physical channel other than the existing UL DPCH is used for EUDCH transmissions or not. Issues related to the relative timing of HS-DPCCH and physical channel associated with EUDCH were raised in [6]. By contrast, here we focus on the relative timing across different users.

2. Current Uplink Timing (Rel 99/Rel 4/Rel 5)

In R99/4/5, the downlink DPCH frame boundaries may be 
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offset from the P-CCPCH (primary common control physical channel) frame timing. This means the DL DPCH can start at any time relative to the P-CCPCH frame boundary as long as it is an integer multiple of 256 chips and can be different for different DPCHs. At the UE, the uplink DPCH transmissions start roughly 
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 after the reception of the first detected path (in time) of the corresponding DL DPCH frame [7].  The uplink DPCH timing can therefore be different for different UEs. 
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Figure 1 : Example of timing relationship for EUDCH with asynchronous uplink.

For the purpose of illustration, in Figure 1, we have shown the relative UL slot and frame timing for different UEs and its relationship to a potential shared control channel used for EUDCH on the downlink. As an example, we have assumed the DL EUDCH control channel to have a 3-slot fixed TTI. It is conceivable that a “shared control channel” (similar to the HS-SCCH) would be used for notifying scheduled EUDCH UE(s) and related transmission information (e.g. MCS, TFRI etc.). The actual DL control channel used, its format and TTI length is not critical for the point being made here, but the fact that there could be “shared channel” for schedule grant type information implies a single DL timing with potentially different timing on the UL. How would this work?

For the purpose of illustration, consider a fixed EUDCH TTI of length less than 10ms. The UE starts transmitting in the first TTI after receiving schedule grant message provided the time between the end of the slot of schedule grant message on the DL and the start of the UL TTI is at least some minimum time duration, for example, one slot (to allow UE processing). Assuming that the shorter TTI must always end at a 10ms UL DPCH frame boundary, this could potentially lead to a delay of up to 1-short-TTI-length+1slot between receiving the grant and starting transmission. Furthermore, this delay will be roughly constant for the UE purely based on how its slot and “short TTI” timing lie relative to the DL timing. Furthermore, certain Ues will have much longer delays compared to others purely based on how their frame offsets were assigned relative to the PCCPCH frame boundary at call set up.  Even for fixed TTI of length 10ms, the same problem arises.

The current slot and frame asynchronous uplink will also complicate scheduling and MCS selection. Take the example shown in Figure 2.
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Figure 2: EUDCH timing with an asynchronous uplink.
Schedule grant messages for UE1 and UE2 are made on different DL control channels at the same time (this is just an example and not critical to the argument here). In this example we assume a 3 slot TTI. If UE 1 and UE 2 transmit in their slots 0,1 and 2, then, clearly the first part of UE2’s transmission overlaps with the last part of UE1s transmission. The Node B could (a) be conservative in rate assignment for each UE, recognizing that they would overlap and cause interference to each other (b) let UE 2 start its transmission in slots 3, 4 and 5 rather than 0, 1 and 2. This would avoid overlap but waste slots or (c) be aggressive in rate assignment for each UE w/o fully accounting for the overlap and consequent interference. Clearly, none of these options are too desirable and likely to cause inefficient usage of the air interface. Even in scheduling schemes where the Node B just dynamically controls the allowed transport format combinations per UE via L1 signalling, lack of synchrony on the uplink would dictate a more conservative approach to varying the TFCS.

When a short TTI is used without imposing the constraint that the short TTI must end at an UL DPCH 10ms frame boundary, then the problem of different delays (between receiving schedule grant message and start of transmission) is no longer present. However, the problem related to data rate selection for each user still remains when the TTIs are not aligned across users.

3. TTI Synchronous Uplink Transmissions

TTI synchronous uplink will resolve problems related to both usage of fixed length and possibly shared DL control channels for EUDCH as well as the problems related to scheduled UE rate selection stated above. It also allows for the desirable “one-user-at-a-time” uplink transmissions (or even few users at a time with coincident start and end times or even controlled staggering of transmissions). Note that with a fixed EUDCH TTI of less than 10ms but a sub-multiple of 10ms, one can just have synchronism at the short TTI boundaries and do not even need 10ms frame boundary alignment as illustrated in Figure 3. This is a very desirable solution because (i) if there is another UL DPDCH transmission, then the frames from that transmission for all UEs would still be staggered. This helps with the Node B processing burden (since at the Node B not all “regular” UL DPDCH frames line up) as well as with backhaul jitter. (After all this is one of the advantages of having frame offsets in Rel’99/4/5 in the first place). The alignment illustrated in Figure 3 assumes a separate physical channel for EUDCH transmission. If EUDCH is multiplexed with other DCHs on a single CCTrCH, then it appears the only way to achieve synchronism on the uplink is to frame align UL DPCH of all the users. 

[image: image5.wmf]0

1

14

15

2

0

1

14

15

2

UL DPCH transmission by

UE 1

UL DPCH transmission by

UE 2

EUDCH TTI

Slot boundaries aligned at

EUDCH TTI boundaries

EUDCH timing for UE 2

EUDCH timing for UE 1


Figure 3: EUDCH TTI alignment without UL DPCH frame alignment illustrated for the example of 3 slot EUDCH TTI.

There are number of ways in which EUDCH alignment for UEs may be achieved. Two possible approaches are outlined below.

a. Using Frame Offsets: Uplink synchronism of EUDCH users may be achieved by setting the frame offset for DL DPCH at call set up to be integer multiples of the UL EUDCH TTI.  This will nominally align EUDCH TTIs for the uplink. For example, for a 3 slot TTI, frame offsets will take values which are integer multiples of 3-slots and hence, in a 10 ms interval, there will be 5 frame offsets. Using this approach synchronism at EUDCH TTI level is achieved across users without requiring 10ms frame alignment. Of course, such a solution is for the case where a separate physical channel is used for EUDCH transmissions. If a single physical channel is used then 10ms alignment may be necessary by setting all EUDCH UEs to the same frame offset.

b. Using the “m-parameter”: This approach is the same as was taken for determining timing for uplink HS-DPCCH transmissions for HSDPA. Each user’s EUDCH (assuming a different physical channel is used for EUDCH) transmission is offset by a value of “mx256” chips relative to its own UL DPCH transmission. Here m is selected for each user so that the delay between HS-PDSCH and HS-DPCCH is roughly fixed for all users.  The net result is that HS-DPCCH approximate alignment across users is achieved. This is illustrated in Figure 4 for the example of 3-slot EUDCH TTI. This solution, which can be used when a separate physical channel is used for EUDCH, will result in potentially different slot timings for the UL DPCH and the physical channel associated with EUDCH.
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Figure 4: Aligning EUDCH transmissions using “m-parameter”. This example considers a 3slot EUDCH TTI and 3-slot TTI for DL control message. EUDCH is on a separate physical channel.

Other approaches are possible and are for further study. Even with the alignment methods outlined, there are still a couple of issues that remain.

a) Users will still not be chip synchronous, but that is not a serious problem, at least the overlap will be limited to a few tens of chips at most due to propagation delay and not up to ½ slot (1280 chips) as it can be with the current timing. The loss in performance may be very minor – example for a fixed 3 slot TTI, an overlap of even up to 256 chips will only result in 3% overlap.

b) Soft handoff users coming in to the cell will inherit their timing from the cell in which they originated and it may not be possible to TTI align them with the existing users in the cell. One possibility when a separate physical channel is used for EUDCH, would be to only have an autonomous mode for the SHO users and the moment the user drops the original leg, its timing is re-aligned with the new cell and scheduled mode can then be used. This may be impossible to do if another UL DPDCH carrying traffic such as voice exists and the slot timings for the EUDCH physical channel and UL DPCH are restricted to be the same. Also, for the case of single CCTrCH on the uplink, this may be harder to perform if another DCH(s) such as voice is multiplexed with EUDCH. In such cases, the user may have to remain in autonomous mode until the voice call ends and the user can then be slot re-aligned. 

4. Conclusions

Timing issues related to EUDCH transmissions are considered. The lack of slot/frame synchronism across users can complicate scheduling and rate assignment. It also complicates the use of shared downlink control channels for EUDCH for messages such as schedule notification etc. These complications arise regardless of the TTI duration. Alignment of users at the slot or EUDCH TTI level is desirable. While approaches for achieving alignment are for further study, two simple methods are outlined. Aligning incoming SHO users is still an open issue that needs to be addressed. As suggested in [6], it is important to consider timing relationships early in the feasibility study as they may have a strong impact on performance evaluation.
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