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1
Introduction

In the 2/10 ms TTI concurrent deployment sub-feature for CELL_FACH, a UE is able to transmit E-DCH operating in either 2 ms or 10 ms TTI.  The UE selects an initial TTI based on a criterion specified by the network and the network can overwrite the UE’s initial TTI selection.  There is therefore a need for the network, notably the NB, to indicate the TTI for every UE access.  This contribution further discusses the schemes that are used for this purpose.
2
Discussion
In 2/10 ms TTI, the common E-DCH resource can be configured to operate in 2 ms or 10 ms TTI.  Currently, these resources can be managed by partitioning them in either a fixed or a flexible manner.  
In the fixed TTI partitioning, each common resource is configured to operate in one TTI.  The network broadcast the assigned TTI for each common resource, e.g. using a TTI bitmap [1].  This partitioning is simple but it has less flexibility in scheduling and slow to adapt to changes in UE load and distribution in the cell.
In flexible (or joint) TTI partitioning, each common resource can operate in both 2 ms and 10 ms TTI.  This allows the NB to dynamically assign either TTI to any of the common resources.  This allows flexibility in scheduling at the NB, e.g., the pool of 2 ms and 10 ms TTI resources in a NB can be dynamically assigned to different cells within the NB allowing the TTI split within each cell to adapt to the changes within that cell.

The TTI indication from the network depends on whether a fixed or a flexible TTI partitioning scheme is used, that is:
· Implicit indication: This is used under the fixed TTI partitioning, where the NB indicates the resource index (e.g. using the AICH) to the UE.  Since each resource index is tied to a TTI, the resource index implicitly implies the TTI.

· Explicit Indication.  This can be used for fixed and flexible partitioning.  Since each resource can be 2 ms or 10 ms, the NB needs to explicitly tell the UE the TTI that it should use.  Hence, the NB sends the resource index and also the TTI to the UE.  
2.1
Implicit Indication

The implicit indication reuses the existing AICH channel.  The current AICH rule is summarised in Figure 1.  Thus, the NB can overwrite the UE initial TTI selection by using the EAI to point to a free common resource that is tied to an alternate TTI.  Since the EAI value is common to all UEs signalled in the AICH, there is a limitation in signalling to multiple UEs.  Table 1 lists the possible indication that can be signalling for two UEs (i.e. UE1 and UE2) using a single AICH.
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Figure 1: Existing AICH rule
Table 1: Existing AICH signalling for 2 UEs

	Scenario
	Required Indication
	AICH Signalling

	
	UE1
	UE2
	EAI Value
	UE1 AI
	UE2 AI

	1
	Default
	Default
	Any value
	+1
	+1

	2
	Default
	X+K
	Value & s’ for offset K
	+1
	-1

	3
	Default
	NACK
	EAI=+1, s’=0
	+1
	-1

	4
	X+K
	X+K
	Value & s’ for offset K
	-1
	-1

	5
	X+K
	NACK
	N/A
	N/A
	N/A

	6
	NACK
	NACK
	EAI=+1, s’=0
	-1
	-1


In Table 1, X refers to the UE default resource index and K refers to an offset to the UE default resource index.  Hence X+K refers to another resource that is not the UE’s default resource and in this case, this resource can be an alternate TTI.  It should be noted that the UE default value X can be different for UE1 and UE2 whilst the offset value K is common to both UEs.  Therefore it is not always possible to signal the targeted TTI to multiple UE, i.e., Scenario 4 in Table 1 is only limited to the case where X+K points to the targeted common resource scheduled for both UEs.  For example, if we have:

· 32 common resources

· Common resources with index 1 to 20 are tied to 2 ms TTI

· Common resources with index 21 to 32 are tied to 10 ms TTI

· UE1’s default resource index, X1 = 2, i.e. UE1 requested for 2 ms TTI

· UE2’s default resource index, X2=18, i.e. UE2 requested for 2 ms TTI

In this example if the NB wishes to move both UEs to 10 ms TTI, the offset value K that is signalled in the EAI needs to be:

· For UE1, K value ranges from 3 to 14

· For UE2, K value ranges from 19 to 30

Since the value K signalled in EAI is common and there is no overlap in the required value K between UE1 and UE2, the NB is unable to change both UEs’ TTI using a single AICH.
Apart from limitations in signalling different and alternate resources to multiple UEs, the existing AICH is also unable to signal a NACK to one UE and an alternate resource index to another UE (i.e. Scenario 5 of Table 1).
2.2
Explicit Indication

Two schemes were proposed for the explicit indication.  In one of the schemes, the reserved chips in AICH are used, thereby extending the EAI by 1024 chips [2].  This extension provides an additional 8 signatures that can be used to signal the TTI.  Since the reserved chips are currently not transmitted, the usage of these reserved chips needs should ensure same reliability as the current AICH with EAI.  There may also be some complexity at the UE to decode an essentially new physical format.
Another explicit indication scheme is to extend the existing AICH rule [3].  Since there is no change to the physical format of the existing AICH, there is no decoding complexity at the UE.  An example of such an extended rule is shown in Figure 2.
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Figure 2: Extended AICH rules
The extended rules are shown highlighted in yellow in Figure 2.  Here, a UE capable of the 2/10 ms TTI concurrent operation sub-feature would read the EAI value when the AI value is +1.  As described in [3], the offset value K ranges from 0 to 30 (instead of 1 to 31 in the existing AICH rule).  An example mapping of EAI values to the offset K is shown in Table 3 of the Appendix.  The reduced offset values means the 31st offset cannot be signalled but we believe the probability where only the 31st offset from a random default value X is the only available resource is low.
Table 2 lists the possible indication that can be signalling for two UEs using the extended AICH rule described in Figure 2.  Consistent with the existing AICH rule, the scenarios (i.e. Scenarios 9, 12 & 14) with a NACK to one UE and an alternate resource to another UE is not available.  Also similar to the existing rule, signalling alternate and different resources to two (or more) UEs in one AICH is limited.  
Table 2: AICH signalling for 2 UEs using extended AICH rule

	Scenario
	Required Indication
	AICH Signalling

	
	UE1
	UE2
	EAI Value
	UE1 AI
	UE2 AI

	
	Resource
	TTI
	Resource
	TTI
	
	
	

	1
	Default
	Requested
	Default
	Requested
	EAI=+1, s’=0
	+1
	+1

	2
	Default
	Requested
	Default
	Alternate
	EAI=+1, s’=1
	-1
	+1

	3
	Default
	Requested
	X+K
	Requested
	N/A
	N/A
	N/A

	4
	Default
	Requested
	X+K
	Alternate
	N/A
	N/A
	N/A

	5
	Default
	Requested
	NACK
	NACK
	EAI=+1, s’=0
	+1
	-1

	6
	Default
	Alternate
	Default
	Alternate
	EAI=+1, s’=1
	+1
	+1

	7
	Default
	Alternate
	X+K
	Requested
	N/A
	N/A
	N/A

	8
	Default
	Alternate
	X+K
	Alternate
	N/A
	N/A
	N/A

	9
	Default
	Alternate
	NACK
	NACK
	N/A
	N/A
	N/A

	10
	X+K
	Requested
	X+K
	Requested
	Value & s’ for offset K
	-1
	-1

	11
	X+K
	Requested
	X+K
	Alternate
	Value & s’ for offset K
	-1
	+1

	12
	X+K
	Requested
	NACK
	NACK
	N/A
	N/A
	N/A

	13
	X+K
	Alternate
	X+K
	Alternate
	Value & s’ for offset K
	+1
	+1

	14
	X+K
	Alternate
	NACK
	NACK
	N/A
	N/A
	N/A

	15
	NACK
	NACK
	NACK
	NACK
	EAI=+1, s’=0
	-1
	-1


In the previous meeting, it was agreed that the UE select the 10 ms TTI operation based solely on RF conditions.  Since UE selects 10 ms TTI when it is out of coverage from 2 ms TTI, then there is no benefit in overwriting the UE TTI with 2 ms TTI [2], [4].  If the NB does not change the UE TTI when the UE selects 10 ms TTI, then the extended rule in Figure 2 is only applicable to UE that has selected 2 ms TTI.  For UE that selects 10 ms TTI, an AI value of +1 indicates default resource, i.e. the yellow portion of Figure 2 is not read by these UE.  Hence, the AICH rule for UEs that selects 10 ms TTI is similar to the existing AICH rule and it is shown in Figure 3.  Using this rule, Scenario 3 and 4 of Table 2 can be signalled if UE1 requested for 10 ms TTI.
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Figure 3: Extended AICH rules for UE that selected 10 ms TTI for initial access
All the TTI indication schemes have their own drawbacks.  Although the extended AICH rule has similar limitations as the existing AICH rule, the extended AICH is able to signal the TTI for each resource thereby enabling a flexible and fixed TTI partitioning to be used.  This can be done with low complexity since the extended AICH rule scheme does not require any changes to the AICH physical format.  The reliability of using the extended AICH is therefore maintained.
Proposal 1: Extend the existing AICH rule to explicitly signal the TTI and the resource index of an E-DCH common resource.
3
Conclusion
In this contribution, we discuss the different TTI indication schemes and we propose the following:
Proposal 1: Extend the existing AICH rule to explicitly signal the TTI and the resource index of an E-DCH common resource.
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Appendix
Table 3 shows the mapping of EAI value to the resource index (X+K).
Table 3: EAI and resource configuration mapping (offset K) for the AICH with extended rule

	EAIs’
	Signature

s’
	E-DCH Resource configuration index

	+1
	0
	NACK

	-1
	
	(X + 0) mod Y

	+1
	1
	(X + 1) mod Y

	-1
	
	(X + 2) mod Y

	+1
	2
	(X + 3) mod Y

	-1
	
	(X + 4) mod Y

	+1
	3
	(X + 5) mod Y

	-1
	
	(X + 6) mod Y

	+1
	4
	(X + 7) mod Y

	-1
	
	(X + 8) mod Y

	+1
	5
	(X + 9) mod Y

	-1
	
	(X + 10) mod Y

	+1
	6
	(X + 11) mod Y

	-1
	
	(X + 12) mod Y

	+1
	7
	(X + 13) mod Y

	-1
	
	(X + 14) mod Y

	+1
	8
	(X + 15) mod Y

	-1
	
	(X + 16) mod Y

	+1
	9
	(X + 17) mod Y

	-1
	
	(X + 18) mod Y

	+1
	10
	(X + 19) mod Y

	-1
	
	(X + 20) mod Y

	+1
	11
	(X + 21) mod Y

	-1
	
	(X + 22) mod Y

	+1
	12
	(X + 23) mod Y

	-1
	
	(X + 24) mod Y

	+1
	13
	(X + 25) mod Y

	-1
	
	(X + 26) mod Y

	+1
	14
	(X + 27) mod Y

	-1
	
	(X + 28) mod Y

	+1
	15
	(X + 29) mod Y

	-1
	
	(X + 30) mod Y
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