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1 Introduction

The LS from RAN2 on “L1 related questions” [1] summarises the three main LTE states as agreed by RAN2. These are also illustrated in the following diagram from the RAN2 TR 25.813 [2]:
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The LS [1] also poses a number of questions relating to Random Access transmissions. In this paper we provde some initial discussion of some of the factors affecting some of these questions. 

2 Discussion of UE behaviour LTE_ACTIVE state 

When the UE is in the LTE_ACTIVE state, it is desirable to minimise the UL transmission overhead when the UE has no data to transmit, and also to conserve UE battery life. It therefore seems reasonable not to require UEs to maintain UL synchronisation throughout their time in the LTE_ACTIVE state (Question 6 in [1]). 

It is therefore also important that:

· there is a fast means of regaining synchronisation in LTE_ACTIVE state when data is to be transmitted.  

· rules are defined to enable the UE to know when it should consider UL synchronisation to have been lost (e.g. timer-based), in which case the fast means of regaining synchronisation should be used. 

Consideration should also be given to the allocation of transmission resources during periods when UL synchronisation is not maintained in LTE_ACTIVE state. In general, it seems beneficial to enable transmission resources to be freed up for other users when UL synchronisation is lost, in order to avoid degrading the spectral efficiency.

This means that there needs to be a fast means of reallocating transmission resources when UL synchronisation is restored. 

3 Discussion of RACH access requirements

Taking these considerations into account, the following general aims of contention-based uplink access may be identified:

1. Achieving / restoring UL synchronisation

2. Requesting allocation of transmission resources:
Case 1: Requesting re-allocation of previously-allocated transmission resources 
Case 2: Requesting allocation of new transmission resources 

In both cases, the RACH transmission should contain a UE ID and therefore be able both to achieve/restore UL synchronisation and to request the (re-)allocation of transmission resources (Question 3 of [1]). We concur with RAN2's assumption that it would be beneficial to combine these two procedures into a single stage in the interests of speed.
We consider each of the two cases for requesting allocation of transmission resources in turn, in particular in relation to the amount of information that needs to be sent in the RACH transmission:

Case 1: Requesting re-allocation of previously-allocated transmission resources

Case 1 occurs when the UE already has a configured context with the network, and transmission resources have been allocated, but the transmission resources have been spontaneously temporarily de-allocated due to loss of UL synchronisation during a gap in data transmission. 

In this case, the use of RACH to restore UL synchronisation should automatically result in the reallocation of the same amount of resource that the UE had previously been allocated. The number of bits of signalling information to request this reallocation should be minimal: for example, a single bit flag in the RACH transmission, together with the UE ID, should be sufficient to make this request. 

This means that in this case, the number of bits available for transmitting the coded UE ID is maximised, thus minimising the false-detection probability. The numerology suggested in [3] (approx 700-symbol RACH transmission for 15km cell radius) should be adequate for the 200 active users specified in TR25.913 to be able to use a unique cell-specific UE ID (e.g. the C-RNTI) for RACH transmission. It therefore does not seem likely that any additional “random ID” would be needed in this case (Question 4 in [1]).

It is FFS how the single bit flag would be coded. One possibility could be to allocate particular time-frequency access slots for this type of RACH access (as opposed to “Case 2” RACH access), in which case the single bit of information would be indicated by the fact that the RACH transmission took place in one of these time-frequency slots; the RACH transmission itself would only need to indicate the UE ID, and the network would respond automatically by re-allocating suitable transmission resources and indicating this to the UE. 

Case 2: Requesting allocation of new transmission resources

Case 2 could apply when the UE needs transmission resources to be allocated for the first time, or when the UE needs to request transmission resources not provided by its current context. 

Here, the information content needed in the RACH transmission is greater, including details of the resources needed in addition to the UE ID. This also means that the number of bits available for the coded UE ID is lower in this case, resulting in an increased false-detection probability compared to case 1. 

Note that if the reliability of the UE ID transmission in this case is shown to be acceptable, some bits in case 1 could be DTX’ed rather than being used to increase the reliabiltiy of the UE ID. 

4 Conclusions / proposals

1. UE should not be required to maintain UL synchronisation continuously in LTE_ACTIVE state if there is no UL data to be transmitted. 

2. A fast means of regaining synchronisation should be provided in LTE_ACTIVE state. 

3. Allocated transmission resources should be automatically freed up for other users when UL synchronisation is lost. 

4. Two types of RACH access may be identified in LTE_ACTIVE state:

· RACH access to restore UL synchronisation and automatically re-allocate previously-allocated resources that were automatically de-allocated when UL synchronisation was lost; this type of RACH access has minimal information content in addition to the UE ID. 

· RACH access to achieve/restore UL synchronisation and request allocation of new UL transmission resources; this type of RACH access includes information about the resources to be allocated in addition to the UE ID. 

Finally, in order to answer the questions from RAN2 in more detail, it will be necessary to agree on the maximum RACH delay, proportion of UL resources to be allocated to RACH, and acceptable probabilities of collision and false-detection. 
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