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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 decided that a contention-based mechanism (synchronized random access) is inefficient for sending scheduling requests for delay-sensitive traffic. In [5], a dynamic contention-free mechanism was proposed to provide an efficient way for transmitting scheduling requests. This contribution provides detailed description and overhead analysis of the dynamic contention-free mechanism.    
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 was agreed 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. 
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Figure 1.  Scheduling request procedure for synchronized UEs.
In [5], the following scheduling request methods were proposed -
· If UE has pending uplink data assignment:
· Scheduling request is transmitted in-band with uplink data

· If UE has no uplink data assignment but pending data non-associated control signalling (e.g. CQI):
· SR indicator is multiplexed with data non-associated control signalling

· If UE has no uplink data assignment and no pending data non-associated control signalling, scheduling request is sent using:
· Dynamic contention-free scheduling request mechanism, or

· Dedicated preambles in random access
3. Dynamic contention-free scheduling request for Synchronized UEs

A dynamic contention-free access procedure is described as follows –

a) Each user sends a common SR indicator (i.e. a common sequence) on a 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 2 ms).  However, the resource required for this common channel is small and possibly on the same order as a single ACK/NACK report.
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Figure 2.  Common Scheduling Request Indicator.
b) 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. 
c) 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 sequence. 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 sequence can be based on the number of resource blocks assigned.  Alternately, a fixed length sequence 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. The format of the scheduling request is given in Figure 3.
· For each resource block of 12 sub-carriers by 7 symbols, a number of symbols, for example 4 as shown in Figure 3, are used for UE specific preamble. The rest of the symbols are used for scheduling request message. Intra-TTI frequency hopping can be used to improve coverage. In this example, one can support 24 or 48 orthogonal sequences/UEs per RB with or without intra-TTI frequency hopping, assuming up to 6 cyclic shifts.
· The Node-B would detect the sequence(s) that is transmitted on the uplink. After detection, the preamble sequence is used as reference signal to demodulate and decode the SR message.

· When more than 1 UEs transmit SR preamble and message, the preamble is orthogonal while the message part is CDMed by spreading/scrambling. More than 1 RB may be granted by the Node-B for SR messages if the Node-B detects that more than 1 UEs has sent the SR indicator through the energy detection.

d) If a large number of UEs need to transmit SR using the contention-free approach, multiple resource/sequences need to be reserved for the SR indicator as shown in a). And consequently, multiple C-RNTIs are then reserved to grant the SR message transmission.
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.
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Figure 3. SR signaling format
4. Overhead analysis

The overhead of SR includes the resource reserved for indicators and the resource dynamically granted for SR messages. Two approaches are compared here: the static dedicated channel approach and the dynamic approach proposed. To compare the overhead, the following assumptions are made:
1) Maximum interval between the SR indicator instances for each UE is  1 or 5 ms.
2) 300 UEs per sector.

3) 5 MHz bandwidth with total 25 RB.
4) The SR message can be sent within 1 RB per UE for both approaches.

Table 1 Overhead comparison: static versus dynamic contention-free SR schemes.
	Overhead
	Static
	Dynamic

	
	1 ms delay
	5 ms delay
	1 ms delay

	Indicator*
	7 RB/TTI
	1.4 RB/TTI
	1/4 RB/TTI

	Message
	1 SR/300 ms
	1 RB/TTI

	
	1 SR/1.5 sec
	1 RB/5 TTI

	Total
	1 SR/300 ms
	32%
	9.6%
	5%

	
	1 SR/1.5 sec
	28.8%
	5.2%
	1.8%





* Assume that 1 RB can support 42 sequences.
5. Conclusions

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 as described in Section 3. These methods provide an alternate way for UE to request uplink resource with minimal overhead and without contention. Overhead analysis shows that the dynamic approach has much smaller overhead compared to the static dedicated channel approach.
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