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1 Introduction

The LS from RAN2 on “L1 related questions” [1] poses a number of questions relating to Random Access transmissions. In this paper we discuss 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 nothing to transmit, and also to conserve UE battery life. 

It is reasonable to assume that there will be a mechanism for adjusting UL timing during UL transmission. However, UL synchronisation is not necessary when there is no transmission, and to avoid the additional overhead required to maintain it, it seems reasonable not to require UEs to maintain UL synchronisation throughout the whole of their time in the LTE_ACTIVE state (Question 6 in [1]). 

In order to allow for the possibility that synchronisation could be lost when there is no UL transmission over a period of time, it would be 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. 

2.1 UL synchronisation issues

The UL synchronisation requirement is that transmissions from all UEs are received within the cyclic prefix period. With a 4μs cyclic prefix, some fraction of this would need to be allocated to allow for possible timing drift between timing adjustments. If we assume, as an example, that this timing margin is 1μs, then in the worst case, synchronisation would be lost if the timing drifted by this amount.

The length of time after which the UE should assume that synchronisation is lost can therefore be expressed as 
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, where 
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is the UE velocity perpendicular to the base station.  Therefore in a worst case scenario, with the UE moving at 500km/h perpendicularly to the base station, loss of UL synchronisation should be assumed to occur after 2.16s. 

Therefore after this time had elapsed without any UL transmission, the UE would need to re-acquire UL synchronisation. 

Note that the length of the timing margin is a trade-off between multipath tolerance for the Node B receiver and the UL timing advance signalling overhead and time before synchronisation loss. A 1μs timing margin leaves only 3μs tolerance for delay spread, which may be too small. However, if the timing margin were smaller (e.g. 0.1 μs), the worst-case maximum interval between timing adjustments (or re-synchronisation) would be shorter (e.g. 200ms).

Consideration should also be given to the release of transmission resources during periods when UL transmissions are not taking place while the UE remains in the LTE_ACTIVE state. In general, resources can be released for other users after a certain time period without transmission. An upper limit on this time period could be the time after which the UE is to assume that sychronisation has been lost, as UL transmissions cannot then take place without first restoring time synchronisation (via a RACH transmission). 

To minimise latency there also needs to be a fast means of restoring an allocation of 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:

A. Achieving / restoring UL synchronisation

B. Requesting allocation of transmission resources:
Case 1: A context (e.g. RRC connection and PDCP context) for the UE is already established in the network
Case 2: No context exists for the UE in the network 

In general, the RACH transmission could contain a UE ID and therefore be used to both 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, as shown in the following figure.
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In Case 1 (context already established, or default context provided), the collapsing of the two steps into one can be achieved without inserting additional payload into the RACH burst. Prior knowledge in the network is used to allocate the resources.

In Case 2 (no relevant context existing), the collapsing of the two steps into one requires the insertion of additional signalling payload into the RACH.

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: A relevant context (e.g. RRC Connection and PDCP context) for the UE is already established in the network

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 respect, a temporary loss of UL synchronisation should be invisible to the RRC connection and PDCP context as long as the UE remains in LTE_ACTIVE state.

In this case, the use of RACH to restore UL synchronisation should automatically result in the activation of an existing context for the UE (or in some cases the activation of a default context). This would imply allocation of suitable resources. The number of bits of signalling information to request this context activation 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 is consistent with [2], where it is suggested that a RACH burst may not have room for much more than a UE ID. 

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]).

The method of coding the single bit flag described above requires further study. One possibility could be to allocate particular time-frequency access slots for this type of “Case 1” RACH access (as opposed to “Case 2” RACH access which is discussed below), 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 activating the relevant context and notifying the UE of the allocation of suitable transmission resources. 

Case 2: No context exists for the UE in the network

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 (i.e. to set up a new context, or to modify an existing 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. 

4 Conclusions / proposals

Our conclusions are summarised as follows:

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

2. Allocated transmission resources should be automatically released for other users, for example after a specified time has elapsed with no data transmission. This could be the same time interval after which the  UL should assume synchronisation has been lost. 

3. It should be possible to retain an active RRC Connection and PDCP for which resources can be quickly reassigned, regardless of temporary loss of UL synchronisation, as long as the UE remains in LTE_ACTIVE state. 

4. It should be possible to use the RACH in LTE_ACTIVE state as a fast means of regaining (or confirming) synchronisation and requesting a specific resource allocation to be granted (i.e. a resource allocation for a default or previous configuration). 

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

· RACH access to restore UL synchronisation and automatically allocate resources for a default or existing connection (e.g. after automatic release of resources when UL synchronisation was lost); this type of RACH access has minimal information content in addition to the UE ID. 

· Specific time/frequency slots can be reserved for this type of RACH access, in which the UE would simply transmit a signature indicating its ID.

· RACH access to achieve 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. 

Our proposals for answering some of the questions asked by RAN2 in [1] are as follows:

Question 3: “Does RAN1 prefer to use two separate procedures for UL synchronisation and obtaining dedicated UL resources, or would RAN1 prefer to combine both procedures ? In order to speed up the transitions, RAN2 assumes it might be beneficial to combine both procedures.”

Proposed Answer:
RAN1 agrees with RAN2’s assumption. It should be possible to combine UL synchronisation and requests for UL resources into a single procedure. The precise mechanism for achieving this will be studied further in RAN1.

Question 4: “RAN2 understands that the synchronisation request message may use multiple signatures in UL (to help resolving collisions).  Is RAN1 assuming that the number of different signatures will be sufficiently large for handling UE collisions, or will an additional “random-id” need to be included in the UL request ? ” 

Proposed Answer:
RAN1 believes it is likely that the UE will be able to transmit a RACH signature of sufficient length to avoid the need for an additional random ID to be transmitted. For the case of UEs which are already registered with the network, the signature could correspond to a unique cell-specific UE ID.

Question 6: “Does RAN1 have an opinion on whether a UE in LTE_ACTIVE is always maintaining UL synchronisation, or whether a UE in LTE_ACTIVE lose UL synchronisation, requiring additional procedure(s) before UL access can take place.”

Proposed Answer:
RAN1 believes that UEs should not be required to maintain UL synchronisation throughout their time in the LTE_ACTIVE state. In practice, the length of time for which UL synchronisation can be guaranteed to be maintained, and the signalling overhead associated with maintaining it, will depend on the size of the UL synchronisation window. This will be studied further in RAN1 After UL synchronisation has been lost, it should be possible in LTE_ACTIVE state to restore UL synchonronisation together with fast UL resource allocation for an existing or default context (or RRC connection) using a simple procedure such as a single RACH signature transmission.

In order to answer the other questions from RAN2, 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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