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1          Introduction

RACH fallback and concurrent 2/10 ms TTI operation are two sub-features for the Further Enhancement to CELL_FACH WI.  In previous meetings, these two sub-features have progressed independently.  It is currently unclear whether all the sub-features in this WI are mandatory for UE supporting Rel-11 CELL_FACH or they can be independent.  In either case, the simultaneous operations of RACH fallback and concurrent 2/10 ms TTI operation need to be specified. 

2         Discussion
In the previous meeting, agreements were made on 2/10 ms TTI and RACH fallback indication.  In both sub-features the NB indicates the TTI or the RACH fallback [1].

In 2/10 ms TTI, each resource index is tied to a specific TTI and the NB implicitly indicates the TTI by pointing to the index of the resource with the selected TTI.  An implicit TTI indication is only required if the UE selects an initial TTI of 2 ms since it was agreed that a 10 ms TTI selected by the UE is not overwritten by a 2 ms TTI.
In RACH fallback feature, the NB explicitly indicates the fallback.  Here, one of the EAI and signature in the AICH is reserved for use to indicate the RACH fallback.

In both of these sub-features the process of selecting a TTI or indicating a RACH fallback occurs at the physical layer.  Therefore, the NB needs to identify the UE’s capability and its TTI preference at the physical layer.
In 2/10 ms TTI, this is done by partitioning the preamble signatures into two groups for the UE to indicate one of two TTI preferences. An example of this is shown in Figure 1 where preamble signatures 0 to X are used by UE to indicate 10 ms TTI whilst X+1 to 15 are used for UE to indicate 2 ms TTI.  Using such a partition the network need only to signal a single index (i.e. X) in the SIB [2].
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Figure 1: Example preamble signature partition to indicate UE preferred TTI
Proposal 1: The partition of the preamble signature is broadcasted by the network using a single index X, where X divides the preamble signature into two groups such that:
· Preamble signatures 0 to X are used for UE to indicate 10 ms TTI

· Preamble signatures X+1 to 15 are used for UE to indicate 2 ms TTI

For RACH fallback sub-feature the UE needs to indicate at the physical layer that it supports this feature.  This can be performed by reserving some sub-channels for the UE to indicate this capability.  Since only one access slot is available for a sub-channel in each radio frame, this may lead to high collision since all UE supporting RACH fallback would use the same access slot to access the channel.  Of course more sub-channels can be made available for these UEs.  Alternatively, a similar approach to 2/10 ms TTI can be used where the preamble signature is further split for UE supporting RACH fallback.  
Proposal 2: The UE indicate that it can support RACH fallback using reserved preamble signatures.

In addition to indicating support for RACH fallback, the UE may also need to indicate its preferred TTI if it can also support 2/10 ms TTI sub-feature.  The combinations of capability and TTI preference are listed in Table 1.
Table 1: Combinations of UE capability and TTI preference

	Combination
	RACH Fallback Support
	2/10 ms TTI Support

	
	
	Prefers 10 ms TTI
	Prefers 2 ms TTI

	1
	No
	Yes
	No

	2
	No
	No
	Yes

	3
	Yes
	No
	No

	4
	Yes
	Yes
	No

	5
	Yes
	No
	Yes


In Table 1, Combination 1 can also be used for legacy UE.  To support the combination of capability and TTI preference in Table 1 we can further partition the preamble signature space to 5 partitions.  An example of such a partition is shown in Figure 2.  
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Figure 2: Further partitioning preamble signatures to indicate UE capability and TTI preference as in Table 1
Partitioning the 16 preamble signatures into 5 partitions would leave an average of 3 to 4 preamble signatures available per partition.  Taking the simulation results from [3], the collision probability as a function of number of preamble signatures is plotted in Figure 3.  Here it is shown that the increase in collision probability is steeper when the number of preamble signatures is below 4 compared to that when the number of preamble signatures is above 4.  Hence further partitioning the preamble signature space is not desirable from a collision probability point of view.  Furthermore we would need to broadcast 4 indexes (e.g. X1, X2, X3 and X4 in Figure 2) to describe the partitions.
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Figure 3: Collision probability as a function of number of preamble signatures with arrival rate per user 0.5 message/sec ((=0.5) and 300 users per cell [3]
In 2/10 ms TTI, the legacy UE shares the same set of preamble signature with Rel-11 UE capable of concurrent 2/10 ms TTI operation that also wishes to access the network with 10 ms TTI E-DCH resource [4].  This requires that a Rel-11 network supporting the 2/10 ms TTI feature configures its Rel-8 common E-DCH resource to 10 ms TTI.  If we extend this limitation to Rel-11, then a UE that does not support Rel-11 2/10 ms TTI feature but support the RACH fallback feature (i.e. Combination 3 of Table 1) can use only 10 ms TTI E-DCH common resource.  Thus we can reduce the amount of partition from 5 to 4.  However, this still leaves an average of 4 preamble signatures per partition.

Proposal 3: A network supporting Rel-11 CELL_FACH needs only support 2 ms TTI E-DCH common resource in CELL_FACH if it supports 2/10 ms TTI concurrent deployment in CELL_FACH.

In [5], it is proposed that some sub-features are grouped to reduce the amount of partition to preamble signature space.  Since only the RACH fallback and the 2/10 ms TTI sub-features require reserving of preamble signatures, they are the obvious candidates for grouping.  Grouping these sub-features would require that a UE supporting RACH fallback must also support 2/10 ms TTI and vice-versa.  If we group these two sub-features then we can eliminate Combination 2 of Table 1 and further reduce the amount of partition to 3.  
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Figure 4: Options in using a separate scrambling code
In [6], it is proposed that a separate scrambling code for Rel-11 is used thereby enabling an additional set of 16 preamble signatures.  If a separate scrambling code is used, the available preamble signatures may not require the grouping of the RACH fallback and 2/10 ms TTI sub-features.  Some possible ways of partitioning with this separate scrambling code are shown in Figure 4 (this is of course not an exhaustive list of partitioning).  Some features of each option are summarised in Table 2.
Table 2: Summary of each partition options
	Option
	Number of partition in scrambling code
	Independent RACH fallback & 2/10 ms TTI support
	Number of indexes (e.g. X1, X2) required
	Impact to legacy UE collision probability

	
	Rel-11
	Rel-8
	
	
	

	1
	3
	1
	Yes
	2 (i.e. X1, X2)
	No

	2
	2
	1
	No
	1 (i.e. X1)
	No

	3
	2
	2
	Yes
	1 (i.e. X1)
	Yes

	4
	2
	2
	Yes
	2 (i.e. X1, X2)
	Yes


Option 2 gives more preamble signature in each partition compared to Option 1 but requires that UE support both RACH fallback and 2/10 ms TTI.  Option 3 and Option 4 have some impact on legacy UE collision probability (depending upon the split in the 2 ms TTI group).  Option 3 and Option 4 allows UE to support RACH fallback and 2/10 ms TTI independently and leaves more preamble signatures for each Rel-11 partition compared to that in Option 1.  Option 3 allows the network to use a single scrambling code if it does not support RACH fallback whilst Option 4 allows the network to use a single scrambling code if it does not support 2/10 ms TTI.  Each option offers its own benefit and hence the network should be allowed the freedom to partition its scrambling codes to at least any of the options shown in Figure 4.
Proposal 4: If no new scrambling code is defined for Rel-11, group the RACH fallback and 2/10 ms TTI sub-features such that a UE supporting RACH fallback will also support 2/10 ms TTI and vice-versa.

Proposal 5: If a new scrambling code is defined for Rel-11, the network should be given the freedom to partition its scrambling codes and assign each partition for indication of different combination of UE capability (RACH fallback and/or 2/10 ms TTI) and TTI preference.

3
Conclusion
In this contribution we discuss combination of UE indications of its capability (RACH fallback and/or 2/10 ms TTI) and its TTI preference.  We propose the following:
Proposal 1: The partition of the preamble signature is broadcasted by the network using a single index X, where X divides the preamble signature into two groups such that:

· Preamble signatures 0 to X are used for UE to indicate 10 ms TTI

· Preamble signatures X+1 to 15 are used for UE to indicate 2 ms TTI

Proposal 2: The UE indicate that it can support RACH fallback using reserved preamble signatures.

Proposal 3: A network supporting Rel-11 CELL_FACH needs only support 2 ms TTI E-DCH common resource in CELL_FACH if it supports 2/10 ms TTI concurrent deployment in CELL_FACH.

Proposal 4: If no new scrambling code is defined for Rel-11, group the RACH fallback and 2/10 ms TTI sub-features such that a UE supporting RACH fallback will also support 2/10 ms TTI and vice-versa.

Proposal 5: If a new scrambling code is defined for Rel-11, the network should be given the freedom to partition its scrambling codes and assign each partition for indication of different combination of UE capability (RACH fallback and/or 2/10 ms TTI) and TTI preference.
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