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1. Introduction

Currently, UEs that are not synchronized to the network will use non-synchronized random access to request uplink transmission resource.  For synchronized UEs, however, it was discussed in [1] that a contention-based mechanism (synchronized random access) is inefficient for sending scheduling requests for delay-sensitive traffic.  This contribution proposes a contention-free mechanism and provides an efficient procedure for transmitting scheduling request for synchronized UEs.    
2. Scheduling Request for Synchronized UEs
Obviously, when UEs are already scheduled for uplink transmission, the scheduling request should be multiplexed with uplink data.  When there is no uplink data transmission, it is proposed that the UE follows the procedure outlined in Figure 1.  First, the UE transmits a scheduling request (SR) indicator for initial resource request.  The Node B then responds with an uplink scheduling grant for a minimum assignment (e.g. one resource block) for the UE to transmit the actual scheduling request and possibly some data.  This response is asynchronous to the first message to allow for greater scheduling flexibility. Several methods can be used to transmit the SR indicator but to reduce complexity an existing physical layer channel should be used.  One approach is to use the CQI channel where one out of n available CQI values can instead be treated as an SR indicator.  With this approach, CQI is not reported when an SR indicator is transmitted.  Another approach is to have one out of k available CQI bits always reserved for SR indicator, thus reducing the resolution of the CQI report. As a result, when designing the CQI report, it should then be kept in mind that the physical channel may also be use for sending an SR indicator.  This may, for example, require that periodic CQI reporting be supported.  
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Figure 1.  Scheduling request procedure for synchronized UEs.
An alternate approach is for the Node B to automatically assign an uplink scheduling grant (Message 2) without the need for an SR indicator (Message 1).  This can be done periodically or in some other fashion depending on the negotiated QoS parameters.   Obviously, this approach results in reduced latency compared to the two-step approach shown in Figure 1 as the first message is eliminated.  However, resource is wasted if there is no uplink data to transmit.  Because one resource block is expected to be the minimum uplink resource assignment, the wasted resource can be quite high with this approach.  As a result, it is recommended that an SR indicator is first transmitted.
For some users, CQI may not be transmitted or transmitted less frequently than the required scheduling interval.  In this case, several solutions are available –

a) Force UEs to report CQI.  All UEs are required to report CQI periodically with a maximum reporting period that also satisfies the latency requirements.  Although this is the simplest solution, it creates unnecessary overhead that may reduce uplink capacity significantly.  This can be especially problematic for VoIP or some best-effort services where CQI reporting may not be or rarely needed.
b) Use non-synchronized random access. UEs with best-effort or delay insensitive traffic and without CQI report may use non-synchronized random access to request uplink resource.  In this case, collision is possible but can be tolerated.  For UEs with delay sensitive traffic, a new collision-free non-synchronized random access procedure may be defined.  In this method, a subset of the available 64 preamble sequences is exclusively reserved for scheduling request purposes.  Each UE is then assigned a reserved sequence at a specific time to be used as an SR indicator.  This eliminates collision and provides a mechanism for the UE to transmit the SR indicator without using an uplink overhead channel.  However, capacity on the non-synchronized random access channel is correspondingly reduced and more time-frequency regions may be needed to maintain low collision probability for other random access users.
c) Dynamic contention-free access.  Since only a portion of UEs will be able to take advantage of the CQI-based mechanism for scheduling request, it is desirable to have a complementary solution with minimal overhead and small latency for the rest of the users.  This is especially important for VoIP users who in practice may not or rarely report channel quality information.  However, due to the on-off voice activity, VoIP users will need to transmit a scheduling request with low latency at the beginning of each talk spurt. In order to minimize overhead, the access region should be dynamically turned on and sized according to the number of requests.  Latency can be reduced by ensuring contention-free access.  A dynamic contention-free access procedure is described as follows –

· Each user sends a common SR indicator (i.e. a common signal) on a common time-frequency region as shown in Figure 2.  Open-loop power control is used to ensure similar received power from each UE at the Node B.  The SR indicators from multiple UEs are combined naturally at the receiver to provide an approximate indication of the number of requests.  Note that this common channel is always on and occurs periodically (e.g. every 5ms).  However, the resource required for this common channel is small and possibly on the same order as a single CQI report.
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Figure 2.  Common Scheduling Request Indicator.
· When the Node B detects energy on the common SR indicator channel above a predefined threshold, it dynamically assigns resources via a regular uplink resource grant but using a special C-RNTI reserved for this purpose.  The amount of resources assigned (i.e. the number of resource blocks) is dynamic based on the amount of detected energy with one resource block as the minimum.  In addition, the Node-B could also accumulate and delay the requests and assign the resource all together according to, for example, the load of the system and resource available.  Note that if synchronous non-adaptive H-ARQ is adopted in the uplink, the assigned resource must not be already reserved for re-transmission by other data users. 
· UE monitors the uplink grant for the reserved C-RNTI and subsequently sends a scheduling request on the assigned shared data channel using UE specific spreading code.  Since all UEs that transmit the common SR indicator are addressed using the same special C-RNTI, their scheduling requests are code-division multiplexed together. The length of each spreading code can be based on the number of resource blocks assigned.  Alternately, a fixed length spreading code may be used with repetition to match the actual number of resource blocks assigned.  Obviously, a UE must monitor the uplink grant for this special C-RNTI for a specific period of time before re-attempting transmission of the common SR indicator again.
Based on the above discussion, the following methods are recommended for sending uplink scheduling request for synchronized UEs.

· For UE with assigned uplink resources, multiplex scheduling request with scheduled uplink data transmission.

· For UE with no assigned uplink grant, send a scheduling request indicator via an uplink control channel (e.g. CQI) if available.  Otherwise, use dynamic contention-free access mechanism or non-synchronized random access.  The  high-level procedure for sending scheduling request is identical for all these methods as outlined in Figure 1
3. Synchronized Random Access
In [1], it was shown that synchronized random access is inefficient for sending scheduling requests for delay-sensitive traffic due to possible contention.  In this contribution, a contention-free mechanism is proposed where UE transmits the scheduling request indicator via an uplink control channel (e.g. CQI channel).  When it is not possible or practical to do so, UE may use the dynamic contention-free access mechanism or non-synchronized random access as described in Section 2.  These methods provide an alternate way for UE to request uplink resource with minimal overhead and without contention. Furthermore, it was shown in [2] that uplink timing synchronization may also be maintained using existing overhead channels since the update rate is rather slow (e.g. every 0.5s).  As a result, it is recommended that synchronized random access not be supported in E-UTRA.
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