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1 Introduction

As a prerequisite to the discussion on the number of H-ARQ processes and detailed timing relationship between uplink and downlink, we need to further discuss the timing of the downlink signalling channels as far as the granularity of the timing setting is concerned, relative timing the channels (E-HICH, E-RGCH, E-AGCH) and set of allowed combination of channels transmission durations, TTI length and Absolute grants per process/for all process when it applies. 

In this contribution we review all the cases as currently allowed in the specifications approved at RAN#26 and make initial proposals in terms of relative timing, granularity and duration where possible.
2 Relative timing of downlink signalling channels for EDCH 
Relative timing of downlink channels is discussed based on the scheduling mode retained (either RG based on non-RG based). Initial objective is to identify combinations of channels duration that make sense and from there derive the relative timing and/or granulary.
2.1 Non-RG based scheduler

2.1.1 E-RGCH timing

Some general principles may apply as follows  

In the non RG based approach the serving cell only transmits Absolute grants whereas the non serving cell transmits Relative grants (overload indicator). So relative timing between the E-AGCH and the E-RGCH in the serving cell is irrelevant to this scheduling approach.

As far as the timing of the E-RGCH in the non serving cell is concerned, the E-RGCH conveys an overload indicator. Now the question is whether such indicator is UE specific, Group of UEs specific or applicable to the whole cell (this would correspond to a group of UEs encompassing all UEs in the cell). Our view is that in the non RG based the overload indicator is expected to correspond to a group of UEs or all UEs in the cell. Therefore the E-RGCH is more of a common channel nature than of a dedicated nature. Also it is expected that the Overload indicator is valid for all of the H-ARQ processes. Consequences in terms of timing and duration of the E-RGCH are as follows :

· The timing of the E-RGCH may not /does not need to be “optimised” for a certain UE. Proposal is hence to have a granularity for the E-RGCH timing equal to the sub-frame (3 slots) and the timing possibly aligned to that of the E-AGCH (eventhough not listened to by the same UEs) for simplicity purposes. 

· As the E-RGCH provides an indication that is not H-ARQ process specific and addresses multiple UEs that possibly use different TTI lengths, the duration of the E-RGCH (2 ms or 10ms) does not need to be linked to the TTI length. Considering the cost in terms of power of the E-RGCH it is proposed to retain both duration values unless RAN2 makes decisions on the scheduling that further constraints the allowed values (e.g. for a multiple bit overload indicator).  For the 10 ms case one question is left though :
· Can the 10ms E-RGCH be transmitted starting from any 2ms interval or can it start only every 10 ms intervals? Answer depends on how reactive we want the scheduling to be.
2.1.2 E-HICH timing
Principles for the E-HICH duration/timing are as follows : 

E-HICH duration is currently as follows :
· For TTI=2ms, E-HICH duration = 2ms

· For TTI=10ms, E-HICH duration = 2ms or 10 ms (based on repetition)

The E-HICH granularity in terms of timing may be either one slot or one sub-frame. On slot is the smallest possible value as orthogonality between the E-HICH of different UEs is ensured for integer number of slots due to the use of the 40 bit length Hadamard sequences.   
The underlying assumption behind the slot based granularity is that the best slot is always used in order to ensure the smallest Round trip time. Per TTI duration and E-HICH we may consider the following

· For the 2ms TTI (E-HICH is 2ms duration) : As the objective for the 2ms TTI is indeed to reduce the RTT it may be a good approcach to retain the one slot granularity. However for reasons of consistency with other cases (See the conclusion of the discussion on the RG based scheduling in section 2.2) our preference is the sub-frame granularity. 
· For the 10 ms TTI, 2ms E-HICH : If for the 2ms TTI case, sub-frame granularity is retained then the same granularity should also apply for this case for the 10ms TTI. Question is though is whether the “best sub-frame is to be used”?
· For the 10 ms TTI, 10 ms E-HICH : in such a case, Round trip time reduction is not a prime objective (reduction of the requirement in transmit power at the NodeB is) therefore there is no point in allowing the granularity of one –slot from the RTT perspective. Our proposal then is to have a sub-frame granularity for the timing setting. 
2.1.3 Summary

The following table lists the allowed set of combinations:

	TTI duration
	AG duration 
	RG duration (from non serving cell)
	E-HICH duration
	Granularity for E-RGCH
	Granularity for E-HICH
	Discussion on relevance of combination and relative timing

	10ms
	10ms
	10ms
	10ms
	Sub-frame
	Sub-frame
	

	10ms
	10ms
	10ms
	2ms
	Sub-frame
	Sub-frame (best sub-frame ?)
	

	10ms
	10 ms
	2ms
	10ms
	Sub-frame
	Sub-frame
	Combination does not apply if multiple bit overload indicator

	10ms
	10 ms
	2ms
	2ms
	Sub-frame
	Sub-frame (best sub-frame ?)
	Combination does not apply if multiple bit overload indicator

	10ms
	2ms
	10ms
	10ms
	Sub-frame
	Sub-frame
	

	10ms
	2ms
	10ms
	2ms
	Sub-frame
	Sub-frame (best sub-frame ?)
	

	10ms
	2ms
	2ms
	10ms
	Sub-frame
	Sub-frame
	Combination does not apply if multiple bit overload indicator

	10ms
	2ms
	2ms
	2ms
	Sub-frame
	Sub-frame
	Combination does not apply if multiple bit overload indicator

	2ms
	10 ms
	2ms
	2ms
	Sub-frame
	sub-frame 
	Combination does not apply if multiple bit overload indicator

	2ms
	2ms
	10ms
	2ms
	Sub-frame
	Sub-frame 
	

	2ms
	2ms
	2ms
	2ms
	Sub-frame
	sub-frame 

	Combination does not apply if multiple bit overload indicator


2.2 RG based scheduler

For the RG based scheduler situation is different for the following reasons:

· The serving cell transmits the absolute grants (on the E-AGCH) and relative grants (on the E-RGCH) 

· The Relative Grants may be for a single UE or a group of UEs

· For the 2ms TTI, the Absolute Grants may apply to all H-ARQ processes or to a single process whereas for the 10ms TTI the Absolute grant applies to all H-ARQ processes. 
In this section we consider that the scheduling may be for a single UE or for a group of UEs. In the latter case, the UE is not aware that it is part of a group so there cannot be specific features in terms of timing or channel duration that would only apply to the case where a single UE is scheduled. Irrespectively of the TTI length and the use of the per Process or per UE scheduling, the serving grants are updated process per process. Therefore our understanding is that only UEs using the same TTI length can be part of the same group. 
2.2.1 E-RGCH/E-AGCH/E-HICH duration 
In the following we discuss jointly the “per process” and “per UE” scheduling (correspond to E-AGCH applying for a single process or for all processes respectively) and both TTIs (2 and 10ms).
· The duration of the E-AGCH: 
· For the “per process” approach (approach that applies only for the 2ms TTI), duration should be 2ms. Indeed considering that the support of the per process approach costs only one bit in the E-AGCH then this means there is an implicit indication of the process for which the AG applies. Also 10 ms would require the introduction of a multi-frame structure like Nmax HARQ process x 10 ms leading to delay in the scheduling. Therefore only the 2ms duration makes sense.
· For the “per UE approach” (AG applies for all processes), duration 10ms and 2ms should be allowed (configurable) irrespectively of the TTI length. Rationale to retain the 10ms is the cost in terms of transmission on the E-AGCH. 
· Duration of the E-RGCH of the serving cell : Whether for the “Per UE” or “per process” approach, there is an underlying assumption in [1] that RGs are applied per process. Further there should be an implicit relationship between the timing of the E-RGCH and the process number the RG applies. Consequences are the following

· Our understanding is that E-RGCH duration is restricted to 2ms for the 2ms TTI. 
· For the 10 ms TTI, RAN1 specs currently allow for durations of the E-RGCH of 2ms or 10ms. However as there is necessarily a transmission on a per TTI basis (not as for the E-AGCH) so we can question the benefit of having both 2 and 10 ms allowed. Our preference is to have 2ms as the sole duration allowed. There may still be some possibility to adjust the timing of the 2ms RG within a 10ms TTI to derive the implicit relation between the RG and the process it applies and possibly multiplex different UEs in the same 10ms. This is an open point that should be resolved at this RAN1 meeting.
· Duration of the E-RGCH of the non serving cell: The serving grant is adjusted per process as decided at the latest RAN2 meeting. Therefore the E-RGCH duration for the non serving cell should be 2 ms for the 2ms TTI and may be 2ms or 10ms for the 10 ms TTI (depending on hysteresis management issue, only one value may be retained at the end). 
· Duration of the E-HICH : For a 2 ms TTI, the E-HICH duration should be 2ms. For the 10ms TTI, the E-HICH duration may be 2ms or 10ms. 
2.2.2 Channel timing granularity and alignment

In the following we discuss whether the E-RGCH (of the serving cell) and E-AGCH should be aligned and whether the E-HICH should also be aligned to the E-AGCH/E-RGCH.  
The two TTI are separetely considered. 
2.2.2.1 2ms TTI

For the 2ms TTI case we have necessarily a E-RGCH (for the serving cell) and the E-HICH duration equal to 2ms. The E-AGCH may be 10 ms or 2ms (10ms being only allowed for the per UE approach) 

Three solutions may be considered in terms of relative timing :
· Option 1 : E-RGCH/E-HICH and E-AGCH granularity is a sub-frame (irrespectively of the channel duration) and channels are mutually aligned 
· In the event the E-AGCH is 10ms whereas the other channels are 2ms long then mutual alignment means that every 10ms they are aligned. 

· This is the best solution from the scheduling point (in particular for the “per process” scheduling, in which case the E-AGCH is necessarily 2ms long). Benefit is also the ability to share one E-RGCH (same sequence) between different UEs assuming the periodicity of transmission of E-RGCH is longer than 2ms. (which is not clear at this stage !). Advantage is also simplicity and applicability to the Group of UEs scheduling case. Benefit in scheduling may though be obtained at the expense of the RTT. 
· Option 2 : E-RGCH/E-HICH aligned and granularity is one slot (so not aligned to E-AGCH irrespectively of E-AGCH duration). 
· This is the best solution from the RTT point of view based on the assumption that the best slot timing is selected. With alignment between the E-HICH and E-RGCH an implicit indication of the process the RG command applies is provided. Question is whether it is an issue to have some shift between the E-AGCH and the E-RGCH. In any case this is less of a problem for the “per UE” than for the “per process” scheduling in particular for the 10ms E-AGCH. Drawback of the solution is that it cannot apply to the group of UEs scheduling case as the best slot may not be the same for all UEs in the group.
· Option 3 : E-RGCH granularity is the sub-frame, the E-HICH granularity is one slot and the E-AGCH and E-RGCH are aligned. 
· In the event the E-AGCH is 10ms long alignment between the E-RGCH and E-AGCH means that every 10ms they are aligned. 

· This is the best solution in terms of RTT. In that case the implicit relationship between the E-RGCH /E-AGCH and process number is to be clarified. Is this an issue if the E-RGCH is shifted with respect to the E-HICH from the scheduling point of view? (we may consider that the E-RGCH is applied in less time than N TTI where N is the number of processes) (between N-1 and N) to be as reactive as in the same of full alignment of all channels. Benefit is the applicability to the Group of UEs scheduling case.

Based on the pro and cons/question analysis of the three different approaches in terms of relative timing as discussed above, our preference is option 1 (sub-frame granularity and alignment of the E-AGCH, E-RGCH and E-HICH). 
2.2.2.2 10 ms TTI case

The proposal for the 10ms is to be built on the 2ms case in order to ensure compatibility at the cell level as UEs using different TTI may co-exist in a cell. Our proposal is hence to have a sub-frame granularity for all the channels (E-ACGH, E-RGCH for the serving cell, E-RGCH for the non serving cell and E-HICH). For the serving cell all these channels should be aligned at the sub-frame level. In the event the durations of the channels differ our view is that at the 10ms level all channels are aligned. Still further details are to be agreed. Questions are listed below
· The E-RGCH duration is 2ms : question is whether its timing within the 10ms frame can be adjusted (adjustment may allow for UE multiplexing within one 10ms interval)

· If the E-HICH is 2ms long, should the sub-frame be the best sub-frame in terms of RTT or is there some flexibility in adjusting the timing?
· If the E-HICH and E-RGCH are 2ms long and if some level of timing adjustment is allowed, should still the E-RGCH and E-HICh be aligned? 

2.2.3 Set of combinations for the RG based scheduling
As a summary the set of combinations as follows :

	TTI duration
	AG per process
	AG duration 
	RG duration (from serving cell)
	RG duration (from non serving cell)
	E-HICH duration
	

	2ms
	No
	10ms
	2ms
	2 ms
	2ms
	

	2ms
	No
	10ms
	2ms
	10 ms
	2ms
	To be confirmed depending on hysterisis management

	2ms
	No
	2ms
	2ms
	2 ms
	2ms
	

	2ms
	No
	2ms
	2ms
	10 ms
	2ms
	To be confirmed depending on hysterisis management

	2ms
	Yes
	2ms
	2ms
	2 ms
	2ms
	

	2ms
	Yes
	2ms
	2ms
	10 ms
	2ms
	To be confirmed depending on hysterisis management

	10ms
	n/a
	10ms
	2ms
	2ms
	2ms
	

	10ms
	n/a
	10ms
	2ms
	2ms
	10ms
	

	10ms
	n/a
	10ms
	2ms
	10ms
	2ms
	To be confirmed depending on hysterisis management

	10ms
	n/a
	10ms
	2ms
	10ms
	10ms
	To be confirmed depending on hysterisis management


3 Conclusion
In this contribution the duration of the E-RGCH /E-AGCH and E-HICH, timing granularity and relative timing were analysed for the non RG based scheduling and RG based scheduling, possibility to address one UE or a group of UE being further considered for the latter case. 

The different combinations for the duration of these channels that we consider as relevant were listed. However there are still some questions that remain to be answered to finalise the list of combinations in particular with respect to the non serving cell RG duration is concerned for both Non RG based (depending on whether the RG is a one bit command or multi-bot command) and for the RG based (impact of the hysteresis on the one-bit command). Still the list may be large and we may consider further reducing it based on discussion at RAN1#40.
In terms of relative timing, pro and cons and relevance of different cases were discussed. Where possible, suggestions are made. However there are still some open questions that need to be answered. 
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