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1 Introduction
Uplink and downlink shared channels are considered to be used as the basic data transport mechanism in the LTE system.  In order to communicate on these channels, it is assumed that the UE must:

· Possess a cell-specific shared channel ID or “address”

· Be monitoring one or more grant channels on downlink which may assign UL or DL resources

In addition, for uplink the UE must:

· Have a reasonable estimate of the uplink transmission power required

· Be synchronised within the cyclic prefix time

It is assumed that the basic procedures of acquiring approximate system timing and frequency synchronisation at the UE are accomplished beforehand.
There are thus at least two primary functions which could be fulfilled by the random access procedure:
1. UL sync (timing synchronisation and power setting)

2. initial access

2 UL Sync
As used here, the term ‘UL sync’ refers to both initial timing and initial power adjustment such that the orthogonal uplink shared channel resources can be used.

For systems operating in paired spectrum there is a lack of correlation between the downlink and uplink instantaneous pathloss.  Thus, the use of open loop techniques for setting the power can only compensate for the mean pathloss resulting in significant open loop error at the receiver.  Note that this is also the case for systems operating in unpaired spectrum when the downlink/uplink transmissions are separated by more than the coherence time of the channel (e.g. high speeds).

For FDD WCDMA, the use of a non-orthogonal uplink leads to a requirement for accurate power control and as such, initial power adjustment is accomplished instead via the preamble power ramping and AICH procedure.  For 3.84Mcps TDD, the power during random access is based purely on open loop methods.  For 1.28Mcps TDD, there is the Up-PCH power ramping and FPACH power setting procedure.

Power ramping procedures unfortunately take time to accomplish and this can contribute significantly to access delay.  For LTE it would therefore be beneficial if power ramping could be avoided during initial access.

It is suggested therefore that the initial power is set using open loop techniques (for both paired and unpaired spectrum).  The initial transmission carries very little data, perhaps only a signature sequence.  In addition, the random access resources may be orthogonal to those used for the uplink shared channel.  Therefore, there is the possibility that open loop errors in transmission power could be accommodated via appropriate random access signal and receiver design.

After the initial transmission at a power set using the open loop method, the Node-B can respond and correct the open loop error, thus establishing a correct power level for further transmissions on the uplink shared channel.  This procedure thus avoids the power ramping delay and speeds up the access time.

In a similar manner, the Node-B may also derive a timing error from the random access transmission and may send a corrective adjustment to the UE to establish a correct timing for the uplink shared channel transmissions.

The preferred method of initial UL sync for LTE is thus as shown in Figure 1.
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Figure 1
3 Initial Access
A traditional way in which initial access may be performed would consist of the following steps:

1. Acquire initial UL sync, e.g.:

· Send a signature sequence to the Node-B on random access resources

· Monitor an associated downlink physical channel for acknowledgement of receipt of the signature sequence and acquire relevant power and timing information

2. Send a longer uplink message (e.g. RRC connection request) on non-scheduled (random access) resources (using the received power and timing information to appropriately control the transmission)

3. Receive a connection setup response message from the network on non-scheduled downlink resources (e.g. FACH/S-CCPCH)

4. The network assigns the UE a shared channel ID and grant channels to monitor
5. Communication on the UL/DL shared channels can commence.

This procedure has the drawback that system resources need to be specifically reserved for non-scheduled transmissions (S-CCPCH, AICH, and so on) which are either statically configured or slow to adapt to loading variations.  Methods of conveying the same traffic using shared channels (with minimal reliance on non-scheduled resources) are preferable as the shared channel resources may be dynamically managed by the scheduler which is thus able to treat all of the system traffic in a more holistic manner.  A small amount of non-scheduled resource is however still required for uplink for the purposes of scheduling request messages from UE’s who do not have uplink resources currently assigned but have a need to transmit data.
One method of performing initial access is outlined in Figure 2 below.  In this scheme, there is an initial physical layer synchronisation phase to acquire the relevant timing and power settings for the uplink (e.g. as described in section 2), followed by a connection establishment using shared channels.
The physical layer part consists of the transmission by the UE of a signature sequence (i.e. a synchronisation request) and subsequent reception of power and timing information on an associated downlink physical channel specifically reserved for this use (i.e. a synchronisation response).

The access phase then commences with the UE transmitting a scheduling request to the Node-B over random access resources.  The scheduling request channel would normally carry the UE’s cell specific shared channel ID.  Due to the fact that at this stage of the procedure, the UE has not been assigned a shared channel ID, the UE selects one from a pool of IDs reserved for initial access by the system.  The Node-B may respond with a scheduling grant of uplink or downlink resources as appropriate.
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Figure 2
A recent LS from RAN 2 [1] poses the question; to what extent can the physical layer synchronisation part of the procedure be combined with the scheduling request procedure?
One method by which this could be achieved is outlined in Figure 3 below.  In this instance, the transmission of the signature sequence (synchronisation request) and the transmission of the scheduling request are merged into a single uplink transmission step.  Similarly, the transmission of the physical layer synchronisation response and the scheduling grant message are merged into a single downlink transmission step.  This has some advantages:
· Special resources for the synchronisation request and synchronisation response messages do not need to be defined or set aside – they are incorporated instead into resources set aside for scheduling request and scheduling grant.
· Access delay is reduced via a reduced number of procedural steps and signals
The disadvantage of this procedure is that the uplink scheduling request is transmitted before the initial timing and power information has been received.
The impact of inappropriate timing is that there may then be a need to use a longer cyclic prefix for scheduling request transmissions.  However, it is likely that there would in any case be some need for this to accommodate timing slip for UE’s who have previously been active but who have not been actively transmitting for some time (transmission pause in active state).  In addition, the sync request being replaced would typically have needed a longer CP in any case.
The impact of inappropriate power setting is that transmissions may cause some degree of interference (predominantly intercell interference due to the use of an orthogonal uplink, although this also depends on the multiplexing scheme, FDM/TDM/CDM to be used for scheduling request).  However, the overall impact depends on the power required for the scheduling request message compared to the power required for the synchronisation request it replaces.  If the transmissions carry only a few bits of information and are hence low in power, then the impact of inaccurate power control for this initial transmission only may not have a significant impact on uplink system capacity.  It should also be noted that the transmission power inaccuracy applies predominantly for systems in paired spectrum, whereas for systems in unpaired spectrum the reciprocal nature of the channel allows for more accurate initial setting of the power based upon recent downlink sub-frame measurements.
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Figure 3
It should be noted that as an alternative to the power and timing deviation information being sent directly on the scheduling grant channel, they could instead be sent via the DL shared channel (depending on the structure and content of the scheduling grant).
In the scheme of Figure 3, the UE effectively selects a shared channel ID from a pool of reserved IDs and conveys this selection to the Node-B.  This could be via an explicit indication of the ID itself or via some other parameter/sequence which is related to the selected ID.  It is thus envisaged that there could be a set of available sequences/IDs, one of which would be selected and transmitted with the scheduling request.  In its simplest form, the initial scheduling request could consist purely of the sequence/ID, and detection of this at Node-B would be sufficient for it to grant some initial DL-SCH or UL-SCH resources.

Given that the set of initial access IDs is finite, there is always a possibility that two or more UEs could try to use the same ID within a period of time.  It is envisaged that the Node-B would re-assign a more permanent shared channel ID to the UE within a short period of time such that the originally selected temporary ID could be released back into the pool.  Thus, a UE would occupy a temporary ID for a period of time until the Node-B reassigns a more permanent ID.  This is termed here the temporary ID lifespan as shown in Figure 4.
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Figure 4
Selection of the temporary ID by the UE allows for an immediate use of shared channels and reduced setup delays.  However, this also means that selection of the temp ID is subject to a collision risk (more than one UE trying to select the same ID).  This collision risk exists for the duration that the temporary ID is occupied by a given UE (the temp ID lifespan).

Rather than simply increasing the set size of available IDs (this could mean that the receiver processing at Node-B would become more complex), it is proposed that the pool of available temporary IDs is divided into L sets of IDs, where each set is available once during the temp ID lifespan.  For example, a typical ID reassignment by the network takes 4 frames, then we might define 4 orthogonal sets of IDs, each set exclusively available for selection on each of the 4 radio frames.  Thus, the potential for two or more UEs to select the same temporary ID is eliminated so long as they are selected in different frames.

There is of course still the possibility that two UEs could select the same ID at the same access instance.  This collision risk could however be further reduced by associating each access channel used to convey the scheduling request with different downlink grant channels.  This situation is shown in Figure 5.  Each access instance (for example each radio frame) consists of NRACH access channels defined by the system (time/frequency/code resources).  Furthermore, there are Ngrant downlink scheduling grant channels which may be used to assign UL-SCH or DL-SCH resources.  In this example a temporary ID lifespan lasts 4 radio frames.  There are 128 temporary IDs divided into 4 orthogonal groups of 32.
There is a mapping between the NRACH access channels and the Ngrant scheduling grant channels which is known a-priori to both the UE and the Node-B.  In each radio frame, any UE wishing to connect selects the following tuple:
1. A temporary ID (TID) from the set of 128/4 = 32 IDs available this frame

2. A random access channel (QRACH) on which to transmit the scheduling request

Both the UE and network associate the selected QRACH with the same downlink grant channel G according to the predefined mapping.
If the number of grant channels is at least as large as the number of RACH channels then it is possible to have a unique mapping of RACH channel to grant channel.  Taken in conjunction with the division of the temp ID space into 4 orthogonal sets, the potential for temp ID / grant channel collision (and resulting unintended cross-communication) is almost eliminated within the temp ID lifespan.  The only remaining collision possibility is then one in which two or more UEs select the same temp ID during the same radio frame and transmit scheduling request using the same RACH channel.  However, in this instance it is likely that one or more messages would not be received correctly in any case due to their mutual interference at the Node-B receiver.  If both messages happen to be decodable the Node-B could decide not to respond to either and the UE procedures would time out waiting for a scheduling grant before trying again with different selected parameters.  In the eventuality that more than one UE has sent the same temp ID on the same RACH channel at the same time and the Node-B does not detect the collision, unintended cross-talk will be experienced.  It is anticipated that higher layer connection establishment procedures using IMSI/TMSI etc… could be used to resolve any such remaining conflict.
In the vast majority of cases, a shared channel communication context is successfully established and defined by the selected temporary ID / grant channel pair.  It should be noted that it is possible that a temporary ID is shared by more than one UE (the UEs are still distinguishable as they have different grant channels) until the UEs are assigned new unique IDs by the network.  Once a UE is assigned a unique ID, it may listen to a wider set of grant channels.
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Figure 5
4 Proposal
The following proposal is made with respect to the initial access and synchronisation procedures in LTE:
· The initial uplink synchronisation and initial access procedures are combined

· Both procedures use the same initial low rate transmission (initial scheduling request) on a random access channel.  Subsequent communication is made over DL-SCH and UL-SCH (there is no need for common resources to be set aside on downlink, or for specific synchronisation response physical channels).

· The power of the initial scheduling request is set using open loop methods.

· The initial scheduling request contains a temporary ID (or corresponding sequence) selected by the UE from a pool of available temporary IDs.

· The total pool of IDs available for temporary use in the cell is divided into a number of orthogonal sets, each available for an access period (e.g. frame).  The access period multiplied by the number of sets is commensurate with the length of time required for the Node-B to assign a more permanent ID.
· During the initial connection phase, a UE is associated with a temp ID and a grant channel.  The grant channel is associated with the RACH resources on which the initial scheduling request (carrying the temp ID) was sent/received.

· Following receipt of the initial scheduling request the Node-B may send timing and power (if required) information to the UE either directly via a scheduling grant channel, or via assignment of DL-SCH resources to carry the synchronisation response information.
· To release the temporary ID back into the pool, the temp ID may be replaced with one assigned by the network.
5 Conclusion

Procedures for initial access and uplink synchronisation in LTE have been presented.  It is possible to combine elements of the two procedures.  The proposed scheme has the following attributes:
1. With the exception of the initial random access transmission, UL and DL shared channels are used throughout.  The need for other special resources (e.g. S-CCPCH/FACH, AICH, F-PACH equivalents etc…) to be set aside for initial access and synchronisation is avoided.

2. Means to avoid shared channel contention may be implemented without undue expansion of the number of access sequences, thereby keeping Node-B receiver complexity low.
3. The number of sequential steps and messages is low and access delay is reduced.
RAN WG1 is kindly requested to consider the attached text proposal for TR 25.814.
6 References

[1]
R1-060061 LS (source RAN2) “LTE L1 related questions to RAN1”, RAN WG1 LTE Ad Hoc meeting, Helsinki, Finland, 23-25 January 2006
7 Text Proposal
<<<<<<<<<<<<<<<<<<<<<<< start of text proposal >>>>>>>>>>>>>>>>>>>>>>>>>

9.1.2.1
Random access procedure

The random access procedure is at least used when the UE uplink has not been time synchronized and shall allow the Node B to estimate, and, if needed, adjust the UE transmission timing to within a fraction of the cyclic prefix. In addition, the random access procedure is used to assist with the establishment of an appropriate transmission power level for uplink. The random access burst consists of at least a signature sequence. Inclusion of additional data symbols is FFS.

Random access and data transmission are time and/or frequency multiplexed.

Random access bursts may be used for the purposes of initial connection establishment and initial uplink synchronisation.  The power of the random access burst is set using open loop methods.
The UE may select a temporary shared channel ID from a pool of reserved shared channel IDs and may transmit this (or an associated signature sequence) to the network using a random access burst on a particular random access channel.  The pool of available IDs or sequences may change as a function of time such that a selected temporary ID may be used without further risk of contention for a length of time sufficient for it to be replaced by a new network-assigned ID.
For further protection against contention, a particular scheduling grant channel set can be associated with the random access channel used to transmit the selected sequence or ID.  The combination of the selected temporary ID and the grant channel may be used to allow for initial communication over shared channels in the normal manner until the temporary ID is replaced by the network.

The structure of the random access bursts is required to account for uplink timing inaccuracies.
9.1.2.6
Uplink timing control

In order to keep time alignment between uplink transmission from multiple UEs at the receiver side, timing-control commands, commanding UEs to advance or retract the respective transmit timing, can be transmitted on the downlink. Two alternatives for timing control commands can be considered:

· Binary timing-control commands implying forward/backward of the transmit timing a certain step size x (s [x TBD] transmitted with a certain period y (s [y TBD].

· Multi-step timing-control commands being transmitted on the downlink on a per-need basis.

As long as a UE carries out uplink data transmission, this can be used by the receiving cell site to estimate to uplink receive timing and thus as a source for the timing-control commands. When there is no data available for uplink, the UE may carry out regular uplink transmissions (uplink synchronization signals) with a certain period, to continue to enable uplink receive-timing estimation and thus retain uplink time alignment. In this way, the UE can immediately restart uplink-orthogonal data transmission without the need for a timing re-alignment phase.

If the UE does not have uplink data to transmit for a longer period, no uplink transmission should be carried out. In that case, uplink time alignment may be lost and restart of data transmission must then be preceded by an explicit timing-re-alignment phase to restore the uplink time alignment.

Estimation of the initial timing control error may be made on random access burst transmissions which are used to commence, or re-commence shared channel communication.  Correction of the initial uplink timing (and power) error may be sent to the UE using the scheduling grant channel or via the downlink shared channel using a temporary shared channel ID and scheduling grant channel set pair (see section 9.1.2.1).
<<<<<<<<<<<<<<<<<<<<<<< end of text proposal >>>>>>>>>>>>>>>>>>>>>>>>>
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