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1. Introduction

E-DCH Relative Grants from non-serving cells can be used for inter-cell interference suppression. For 2 ms TTI, there exists a “causality problem” of the non-serving Relative Grant. This causality problem means that the Node B, when issuing such Relative Grants, lacks information of what power and interference situation the targeted UEs will relate to, since the time-instance that the UEs will relate the grant to lies in the future.   

The purpose of this paper is to capture the current understanding of the problem; discuss possible consequences of this non-causality and outlines a couple of potential solution candidates in case specification updates are deemed necessary.

2. General
Non-serving Relative Grants (nsRG) can be used for inter-cell interference suppression from non-serving cells.  Non-serving Relative Grants affect the grant of a UE  when received from a cell that belongs to the E-DCH active set, but where the cell does not belong to the serving E-DCH radio link set [1]. The purpose of the nsRG is to allow for controlling the interference of UEs also in cases when the interferer is not in primary control by the affected cell (i.e. the cell does not belong to the serving E-DCH radio link set).

When E-DCH was specified for Rel-6 in 3GPP, the anticipated use of the nsRG was the cell overload indicator approach, where the nsRG was intended to be used as a crude “problem solver” by suppressing the load of all non-serving UEs in a cell and thus suppress rise over thermal (RoT) overshoot. Note that, specification wise, there is nothing that prevents a network operation to target more fine-grained and accurate control of interferers by allocating dedicated signatures to individual users or groups of users. 

Using the approach that entail suppressing all UEs with a “common” RG down means that both heavy interferers (e.g. those UEs currently power-controlled by the affected cell, possibly with large grants and transmission buffers available) and light interferers (far from the cell, low grants, with low or empty transmission buffers) will be affected
3. Consequences of Current Specification

It is evident that the Node B uncertainty of the UE reaction to an nsRG increases if the UE(s) shows a highly varying pattern in the used offset (i.e. a high variation in the variable reference_ETPR). Conversely, if the UE is constantly using the exactly the same grant (& offset), then the effects of this timing problem should be none. 

A highly varying pattern in the used transport formats can be expected in case the UE regularly succeeds to empty its transmission buffers. Then the used formats may vary from the highest grant (or, limited by the UE power) to the format needed to empty the buffer - occasionally followed by DTX on E-DCH. Such transmission patterns should be less likely if the UE is uploading large objects, i.e. when the UE is operating with full buffers. Conversely, an E-DCH uplink that carries traffic supporting web-surfing or download traffic (requests, TCP acknowledgements etc.) could potentially show a high variability in the used formats.  The likelihood of high variability in the transport formats can also be expected to increase if the supported (granted) bit-rate is high, as the likelihood of emptying buffers increases. This latter scenario is assumed to be very commom since many Users are put on HS/EUL not based on need but based on UE capability. This means there will be a lot of these low-rate users in the system.
With a highly varying use of transport formats (and offsets), it is possible that an interfering UE would transmit at a much lower level at the time when the nsRG is turns active resulting in an overly large reduction of the transmission level. This could potentially result in bad end-user performance, as the available grant could be dropping radically. In addition the nsRG could also affect guaranteed services negatively, if those are carried as scheduled E-DCH flows. 

A concern with the “common” overload indicator is thus that it would affect guaranteed and prioritized services severely, in case such services are carried as scheduled flows over E-DCH. This is because a common nsRG cannot distinguish and prioritize between different UEs and the level of interference that they create. 
As a consequence there is a large incentive in having a much more fine grained approach; allocating dedicated signatures on E-RGCH to individual users or groups of users controlling RoT-overshoot/overload situations. 
However for 2 ms TTI, there exists a “non causality problem” of the non-serving Relative Grant. This causality problem means that the Node B, when issuing such Relative Grants, lacks information of what power and interference situation the targeted UEs will relate to, since the time-instance that the UEs will relate the grant to lies in the future.

The negative timing of the nsRG would not be a problem if one limits oneself to supporting only one service, for example, the PS interactive. The trend, however, is to provide many simultaneous services to the same user, e.g., voice, video, FTP, application-level signalling, etc. In this multi-service scenario, the problems created by the negative timing is that it prevents networks to put any guaranteed services on scheduled EUL resources since a nsRG intended for a non-guaranteed service may hit a guaranteed service. 

Another aspect to consider is large rate and load fluctuations. Example: Several nsRG are sent to reduce the rate of a non-guaranteed service sending at 1 Mbps by 50%. If one of these grants hits a low-rate transmission the 1 Mbps will be reduced to a very low rate. The user will have to complain to the serving cell (via the happy bit and scheduling information) in order to have its rate raised. In the meantime, DCH and other EUL traffic will notice the large drop in the overall interference. Power control will react and reduce the remaining interference even further, resulting in large swing of interference in the cell.

4. Non Causality Details
The “Causality Problem” for 2 ms TTI stems from the fact that the HARQ RTT is 16 ms, but the nsRG has duration of 10 ms. With the definition of the offsets from the received nsRG to the first affected TTI (‎[2], section 6B.3) it means that UE will adjust its grant with reference to a TTI that overlaps with the transmission of the nsRG, see Figure 1. From a Node B perspective, this means that the Node B cannot know what offset and transport format the UE will relate its grant reduction, since the reference TTI occurs in the future – after the Node B decision to transmit the nsRG.
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Figure 1: Schematic illustration of the nsRG causality problem for 2 ms TTI. 
Upon reception of a “DOWN”, [2] specifies in which TTI in the future the UE need to act. The specification 25.321 then defines that the UE should relate the Relative Grant to the offsets used in the previous transmission of that HARQ process. In the example above, the nsRG is assumed to hit process #1. As can be seen, process #1 (and the offset that the UE will relate to) is transmitted after the Node B decision to send an nsRG.
The principle of the timing and structure of the 10 ms TTI case is similar to the described 2 ms TTI case. However, since the transmission gap between two transmissions of each HARQ process is 30 ms, it means that there is enough time  to have the nsRG transmission between two events of the same HARQ process.

The timing-issue is illustrated in more detail in Annex A for different DPCH to P-CCPCH offsets. 
5. Example Solutions
In this section a non comprehensive list of possible solutions is presented. Note that the detailed consequence on system performance and other aspects needs further study. The UE behaviour with respect to non-serving relative grants and possibly a difference in behaviour from serving relative grants should also be considered alongside with complexity aspects.
5.1. Reducing the UE offset from the nsRG reception 

The nsRG duration is 10 ms, and each HARQ process is idle for 14 ms between its transmissions (i.e. when the other seven HARQ processes are active).  In principle, it should therefore be possible to achieve full “causality”, such that the nsRG is transmitted and received without any overlap of the affected HARQ process. This should leave a margin of 4 ms (minus propagation delay) to share between the UE and the Node B, where the margin remains for processing. 

In practice, such a solution translates to tightening the equations in ‎[2], section 6B.3, such that the UE would react in sub-frame less than four milliseconds after the reception of an nsRG. The solution is sketched in Annex B. This solution would require new revisions of the “s” and “t” equations in Section 6B.3 of ‎[2].  The solution is illustrated in a figure in Annex B.
5.2. Increasing the delay of the reference_ETPR 

A straightforward solution to achieve “causality” is to define the instance to which the UE relates its nsRG reception to an earlier point in time by increasing the “gap” between the affected TTI and the referenced TTI. 

One such solution is outlined in Figure 7, where the referenced offset is sufficiently far back in time such that Node B has received the referenced transmission prior to issuing the nsRG. An intuitive solution is to reference two HARQ RTTs back in time of the affected HARQ process. This would require an update to the MAC specification ‎[3], particularly the definition of the “reference_ETPR” parameter for 2 ms TTI. 

A specification update along these lines appears to be quite straightforward. However, one drawback of this solution is that the UE need to store used offsets one RTT longer.
[image: image2.wmf] 

 

Down!

 

1

 

2

 

3

 

4

 

5

 

6

 

0

 

7

 

1

 

2

 

3

 

4

 

5

 

6

 

0

 

7

 

1

 

2

 

3

 

4

 

5

 

6

 

0

 

HARQ

 

E

-

RGCH

 

10 ms

 

25.214: “Act here!”

 

Offsets

 

25.321: “Relate to offsets used here!”

 


Figure 2:  Solving the non-causality issue by increasing the “gap” between the affected TTI and the referenced TTI. Here, it is solved by referencing the same HARQ process two HARQ RTTs back.  Compare with Figure 1.
5.3. Maximum of previous offsets

As noted in Section ‎3, the present 2 ms TTI solution is also equipped with the feature that only a certain sub-frame can be targeted with the nsRG. Since there are five sub-frames but eight HARQ processes, it means that it may be difficult to address the correct HARQ process in case only a few HARQ processes are taken into use.  For a UE with a highly varying transmission pattern, it could then be desirable to affect the maximum of used offsets during a period backwards in time. This appears quite intuitive, as the nsRG would then relate the new grant to the worst interference that the UE created in the non-serving cell. One such solution is outlined in Figure 8, where the nsRG reduces the Serving Grant of the UE relative to the maximum offset used over all HARQ processes. 

In practice, this solution is an extension of the solution sketched above in Section ‎5.2. The solution would require an update of the MAC specification and specifically the definition of the parameter “reference_ETPR” ‎ ‎[3].
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Figure 3: Illustration of a solution where the “new” grant, when affected by a “Down” on the E-RGCH, would be the maximum of all offsets used previously for all processes in a defined time window. Here, the maximum is taken over all HARQ processes two HARQ RTTs back, but different windows could be considered, e.g. the HARQ processes within one SFN.
6. Summary and Conclusion
In this discussion document it has been explained that the nsRG is the only tool available to a cell for controlling interference created by non-serving users. The nsRG however suffer from a non-causality issue entailing that the Node B lacks information of what power and interference situation the targeted UEs will relate to, since the time-instance that the UEs will relate the grant to lies in the future.
It is described why there is a large incentive in having a much more fine grained approach to individual users or groups of users controlling RoT-overshoot/overload situations so that:
· the system will have adequate support of grant adjustment according to user priority and allows operation so that low-rate users can be accommodated
· Schedulers can adapt to natural traffic variability such as bursty traffic that show large fluctuations; and rely on that multiplexing of different traffic types, e.g., different TTIs for VoIP/upload/signaling support user priority.
In view of this, we propose evolvement of the E-DCH specification and which for companies to consider presented issues and the exemplified solutions in order to achieve a effective uplink for HSPA in UTRAN Rel-8.
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Annex A – Details of E-RGCH Causality
As can be seen from the figure, the definitions in ‎[2],  section 6.B3,  ensures that the grant reduction is time-synchronized with the reception of the E-RGCH quite independently of the DPCH to P-CCPCH offset. This also means that the TTI to which the UE relates to will always take place in the middle of the nsRG transmission.
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Figure A: Timing-relation of the E-RGCH and the UE reaction to a “DOWN” in SFN i. 
As can be seen in figure 3, the grant-reduction is synchronized to the E-RGCH reception (with a two-TTI accuracy). However, the large offset from the E-RGCH to the affected TTI means that the referenced TTI is in the middle of the “DOWN”-transmission, as also illustrated in Figure 1.  
Annex B – Example Solution; UE Reaction Time Change

[image: image5.wmf] 

 

i

 

i 

 

+ 1

 

i 

 

+ 2

 

i 

 

–

 

1

 

i 

 

+ 3

 

2 slot

 

1024 chips + 2

 

T

 

prop

 

i

 

P

 

-

 

CCPCH

 

E

 

-

 

RGCH 

 

(non

 

-

 

serving)

 

E

 

-

 

DCH @ Node B

 

DL DPCH

 

0 slot

 

0.9 slot

 

1.0 slot

 

14.9 slot

 

t

 

DPCH

 

=

 

t

 

DPCH

 

1

 

0

 

4

 

3

 

2

 

1

 

3.9 

slot

 

4.0 slot

 

6.9 slot

 

7.0 slot

 

9.9 slot

 

10.0 slot

 

12.9 slot

 

13.0 slot

 

i

 

i

 

i 

 

+ 1

 

i 

 

+ 1

 

i 

 

+ 2

 

i 

 

+ 2

 

i 

 

–

 

1

 

i 

 

–

 

1

 

i 

 

+ 3

 

i 

 

+ 3

 

2 slot

 

1024 chips + 2

 

T

 

prop

 

i

 

i

 

P

 

-

 

CCPCH

 

E

 

-

 

RGCH 

 

(non

 

-

 

serving)

 

E

 

-

 

DCH @

 Node B

 

DL DPCH

 

0 slot

 

0.9 slot

 

1.0 slot

 

14.9 slot

 

t

 

DPCH

 

=

 

t

 

DPCH

 

 

1

 

1

 

 

0

 

0

 

4

 

4

 

3

 

3

 

2

 

2

 

1

 

1

 

3.9 slot

 

4.0 slot

 

6.9 slot

 

7.0 slot

 

9.9 slot

 

10.0 slot

 

12.9 slot

 

13.0 slot

 

1

 

1

 

1

 

1

 

1

 

0

 

0

 

0

 

4

 

4

 

4

 

3

 

3

 

3

 

2

 

2

 

2

 

1

 

1

 

1

 

1

 

1

 

5

 

5

 


Figure B: Outline of a solution to the non-causality problem, where the UE reaction/processing-time to the reception of an nsRG is reduced such that the nsRG fits within the 14 ms margin between two transmission opportunities of the same HARQ process. Compare with Figure A.
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