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Introduction
The LTE RAthe random access procedure is designed to be contention based or non-contention based. The randm access preamble is contention based when the preamble is randomly chosen by the UE among the available set of signatures and it is contention free when the signature to use is assigned by eNB via dedicated signalling. The dedicated signature assignment can occur in case of handover and downlink data arrival in the case that the UE is not time aligned.
In both cases, random access preambles should be based on Zadoff-Chu sequence with Zero Correlation Zone (ZC-ZCZ). The aim of this proposal is to trigger discussion on different allocation cases for dedicated and random signature.
Resources for dedicated signature
In [1], several method for the dedicated signature allocation are presented. In this document, we are analysing the pros and cons of each methods.
· Case 1: Allocation from separate root sequence
In this scheme, the signatures used for non-contention based RA, are generated using ZC root sequences different from the ones used to generate contention based RA preambles.
· Pros: a huge number of preamble can be generated, totally independent from the preamble used for contention based RA
· Cons: The use of a new root sequence in a cell implies more interferences. In addition the more root sequences are used per cell and the more cross correlation and detection are complex.
· Case 2: Allocation from the unused space of the random signature root index
Different code resources are used for dedicated and random signatures. As the cyclic shift value is related to the cell size (the shift must be larger than the maximum propagation delay for given cell size) the last sequence index used for contention-based signature opportunity is not necessarily fully allocated to generate the 64 signatures. This provides the benefit to allocate the remaining signatures to the contention-free access procedure;
· Pros: this method doesn’t require any additional ZC index (i.e. no need to use a new root sequence)
· Cons: Depending on the cell size i.e. on the length of the cyclic shift, the number of remaining signatures opportunity is not fixed, and can also be zero
· Case 3: Allocation from the same root index, using the different time/frequency resources
Same code resources are used for dedicated and random signatures, as shown in Figure 3. In this case contention-based and contention free RACH signature opportunity are allocated from the same cyclic shifted versions over all same ZC sequences index.
· Pros: this method doesn’t require any additional ZC index (i.e. no need to use a new root sequence)

· Cons: since there is no code distinction between contention-free and contention-based preambles, the distinction is made by the time/frequency resources used for RACH, bringing additional signalling.
· Case 4: Allocation from the same root index, using the same time/frequency resources 
This methods just consist in allowing the reservation of some preambles (e.g. 16 preambles could be reserved) from the set of preambles used for the contention based random access procedure in a semi-static way.
The inconvenience of this method is that it would decrease the number of available preambles for non-contention based RACH, hence increasing the collision probability.

Regarding the advantages and disadvantages of the three cases above, in order to minimize interferences introduced by the use of new root sequences, and signalling, our preferred method is hybrid between case2 and case4:

· Allocate the dedicated signature from the unused space of the random signature root index when there is unused space
· Complete if more dedicated signatures are needed using method 4, and reserve some preamble from the contention-based RA preambles, the number of signature that could be reserved among the contention-based signature sets is FFS.
Dedicated signature allocation and signalling

In this section, we assume that the UE knows the root sequences and cyclic shift value used in the cell where it will use the dedicated signature, and that the hybrid method described above is used for the allocation of dedicated signatures.
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Figure 1: allocation of dedicated signature
One way to indicate the UE which signature has been reserved and it can use, would simply be to indicate a number out of the total number of available signatures (total number of signature that can be generated from all the root sequence used in a given cell i.e M on Figure 1), in order that the UE knows how many cyclic shifts it will have to apply to generate the signature (if the number of cyclic shift is higher than the max number of cyclic shifts applicable on root sequence #A, the UE will implicitly know that it then applies the cyclic shifts to root sequence #B).
However, this method requires that the eNB sends to the UE at least 6 bits of information, and there are several options for an optimization:

· Option 1: One method to reduce the number of information bits to be send to less than 6 bits (depending on the number of signatures that can be reserved. If it is fixed to 16 for example, only 4 bits would be necessary), would be to define in the standard that the signature for the contention based RA for which reservation is allowed are the last ones generated from the root sequence, and to start numbering from the end (Figure 1 numbers in red). As an example, the eNB reserve signature 64 and send to the UE the information “3”. This option is depicted on Figure 1 Option 1 above when 3 unused signatures are available. This option requires that the space on the ZC index for reserved signatures to be contiguous, and located at the end of the index (before the unused space).

One inconvenience of this method is that all the signatures that can be reserved are from the same set, hence not allowing the UE to choose a set (i.e. to indicate the required resources/ channel quality), and reducing the number of signatures available for contention-based only in one set (increasing the collision probability for only one category of users). We can cope with this cons using option 2 described below.
· Option 2: In this scheme, instead of allowing the reserved signatures at the end of the index (among the 64 signatures used for the contention based RA), the dedicated signatures are allocated between the two sets of signatures, proportionally to the size of the set (see annex 1 for an example of detailed calculation). Then for this option, the alternatives to signal which signature to use are:

· Alt1: the less optimized alternative is to indicate the signature with a number from 6 to 8 bits (the upper bound is FFS, depending on the number of signatures available in the unused space of the ZC index)

· Alt2: this alternative consist in sending a x bits offset information to indicate the signature to use (x depends on the number of signatures that can be reserved for example if 16 signatures are dedicated without any unused space, 4 bits would be required). The counting would be done from the first reservable signature of the set 1 toward the last reservable signature of the set 2, or in the case the signature comes from the unused space of an index, from the end of the index, toward the beginning of the sequence. This alternative is depicted in Figure 1 Option 2 above.
In all the cases, the number of signatures that are reserved need to be indicated to the UEs that perform contention based access (broadcast on the BCCH).
Dedicated signature choice

In the case option 2 for the dedicated signature allocation, the possibility appears to choose between the signatures of two groups.
In order to optimize the resource allocation for the transmission of data in msg3, it would be required for the UE to be assigned a signature according to the required resources, i.e. together with the dedicated signature the eNodeB indicates to the UE that transport format to be used in message 3.
An alternative option could be that the eNB reserves two signatures each time, coming from both sets, such that the UE choose the signature accordingly to the amount of data it need to transmit. The drawback of this solution is that two signatures need to be reserved.

In the case two signature are reserved for one UE, when the eNB indicate each dedicated signature to the UE, it should indicate for which transport formats of the message 3 and/or radio conditions the UE can use this signature.

Conclusion

It is proposed to discuss and agree on the allocation of dedicated signatures:
· Allocate the dedicated signature from the unused space of the random signature root index when there is unused space

· Complete if more dedicated signatures are needed using method 4, and reserve some preamble from the contention-based RA preambles from both sets of preambles, we propose the signatures to be reserved from both sets; the number of signature that could be reserved among the contention-based signature sets is FFS.
We also propose that RAN2 group initiate discussion about which option should be chosen to indicate the dedicated signature, and how many dedicated signatures should be allocated.
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Annex 1: balanced repartition of signatures between the two sets

Lets assume that we have:

· Nr signatures that can be reserved among the 64 contention based RA signatures, those signatures are reserved between the two sets, i.e. one part will be at the end of set1 and the other part at the beginning of set2

· Nset1 the number of signatures in set 1

· 
· Nset2 the number of signatures in set 2

· Nunused is the number of signatures that are not used in the root sequences

· NRset1 the number of reserved signatures in set 1

· NRset2 the number of reserved signatures in set 2

The number of signature to be reserved in the two sets one can be calculated as:

NRset1=ceil(Nset1/64*(Nr- Nunused))

NRset2=Nr-NRset1- Nunused
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